About wireless networks

Statement of Purpose
There are fundamentally two things that excite me about wireless networks: the broadcast nature of the wireless medium and the exciting manifestations of wireless networks like sensor networks, RFID, and delay tolerant networks that leverage this medium. The broadcast medium makes it necessary to account for issues like interference to build robust network topologies. It also offers opportunities for network coding, opportunistic routing and this opens up many interesting design problems.

For the Wireless Networking course project, I worked on combining the benefits of cognitive aggregation into the scheme of frequency diversity. Cognitive aggregation allows wideband devices to coexist with narrowband devices by weaving together the non-contiguous unused frequency bands. Frequency diversity is used to increase the capacity of a network by distributing communications across channels to avoid interference. By using cognitive aggregation in frequency diversity, we allow multiple secondary devices to utilize the unused frequency bands and thereby improve the throughput of the network. Through this project, I saw the importance of tuning parameters like the redundancy of transmission, which immensely affect the performance of a protocol. I really enjoyed the work as it involved end-to-end design of a protocol.

This urged me to delve further into wireless networking research. I explored the idea of adaptive scanning for Access Points (AP) to reduce power consumption in mobile devices, as a course project for my Network Protocol Design class. Here, I came up with various scanning algorithms and quantified the tradeoffs between the probability of discovering an AP and the power consumption in each algorithm.

Having enjoyed working on these projects, I wanted to work on a bigger problem in this area. I took up the thesis option in the Masters program to work on Localization in Wireless Sensor Networks. Localization is the problem of finding the coordinates of all nodes, given a few anchor nodes and incomplete distance information between the nodes in the network. It is applicable to resource constrained scenarios where having a GPS per node is not a feasible solution. It turns out that though there has been a lot of work in this area, most of it is restricted to static sensor networks. Through my thesis I am exploring this problem in a mobile scenario.

In our method we formulate localization as an optimization problem with a set of constraints. We leverage a few key observations while forming these constraints. In our analysis of different mobility traces, the coordinates of nodes across time series form a low rank matrix. We leverage this heuristic along with the information from previous snapshots while localizing a node in a particular snapshot. These additional constraints give us better accuracy of localization. Our initial results are promising and we are trying to tune the accuracy of our scheme further. We are planning a submission of this work to ACM MobiCom this year. Possible future work includes making the solution more easily deployable. For example, based on our current scheme we are thinking of a range-free solution which does not need inter-node distance information. We are also working on tuning the weights for the constraints adaptively, with minimal use of topology specific information.

As I work on my thesis, I realize that wireless networks allow us to envision many interesting applications that are not a reality today. For example, vehicles equipped with sensors to enable location tracking could support low-cost applications that inform passengers about the current status and location of buses. With more research in this area, I firmly believe many such applications can be made practical. We would then be able to fully leverage the flexibility that the wireless medium offers by allowing communication in ad-hoc and random deployments. The potential impact of such applications in our everyday life makes research in this area exciting. I am particularly interested in designing protocols for optimizing throughput, latency and power consumption to make such wireless applications practical in real world.

