1. Data Centric Storage in Sensornets - Sylvia Ratnasamy - ICIR, Deborah Estrin - UCLA, Ramesh Govindan - ICIR, Brad Karp - ICIR, Scott Shenker – ICIR, Li Yin - UC Berkeley,  Fang Yu - UC Berkeley.

Abstract

Sensornets are large-scale distributed sensing networks comprised of many small sensing devices equipped with memory, processors, and short-range wireless communication. Making effective use of sensornet data will require scalable, self-organizing, and energy-efficient data dissemination algorithms. Recent work has identified data-centric routing as one such method. In this paper we suggest that a companion method, data-centric storage, may also be a useful approach.

While there are many ways to achieve data-centric storage, this paper proposes a mechanism that builds upon two recent advances; (1) the GPSR geographic routing algorithm and (2)a new generation of efficient peer-to-peer lookup systems (such

as Chord, CAN, Pastry, Tapestry, etc.). We evaluate the performance of data-centric storage and two other dissemination approaches in several sensornet scenarios and identify the conditions under which the various approaches are preferable.
2. Data Gathering in Sensor Networks using the Energy*Delay Metric. Stephanie Lindsey, Cauligi Raghavendra, Krishna Sivalingam.

Abstract

In this paper we consider the problem of data collection from a sensor web consisting of 

N nodes, where nodes have packets of data in each round of communication that need to be gathered and fused with other nodes’ packets into one packet and transmitted to a distant base station.  Nodes have power control in their wireless communications and can transmit directly to any node in the network or to the base station.  With unit delay cost for each packet transmission, if all nodes transmit data directly to the base station, then both high energy and high delay per round will occur.  In our prior work [6], we developed an algorithm to minimize the energy cost per round, where a linear chain of all the nodes are formed to gather data, and nodes took turns to transmit to the base station. If the goal is to minimize the delay cost, then a binary combining scheme can be used to accomplish this task in about log N units of delay with parallel communications and incurring a slight increase in energy cost. The goal is to find data gathering schemes that balance the energy and delay cost, as measured by  energy*delay.  We conducted extensive simulation experiments with a number of schemes for this problem with 100 nodes in playing fields of 50m x 50m and 100m x 100m and the base station located at least 100 meters and 200 meters, respectively, from any node.  With CDMA capable sensor nodes, a chain-based  binary scheme performs best in terms of energy*delay. If the sensor nodes are not CDMA capable, then parallel communications are possible only among spatially separated nodes, and a chain-based 3 level hierarchy scheme performs well. These schemes perform 60 to 100 times better than direct scheme and also outperform a cluster based scheme, called LEACH [3].
3. A Transmission Control Scheme for Media Access in Sensor Networks. Alec Woo - David E. Culler
Abstract

We study the problem of media access control in the novel regime of sensor networks, where unique application behavior and tight constraints in computation power, storage, energy resources, and radio technology have shaped this design space to be very different from that found in traditional mobile computing regime. Media access control in sensor networks must not only be energy efficient but should also allow fair bandwidth allocation to the infrastructure for all nodes in a multihop network. We propose an adaptive rate control mechanism aiming to support these two goals and find that such a scheme is most effective in achieving our fairness goal while being energy efficient for both low and high duty cycle of network traffic.
4. Robust Broadcast : Improving the reliability of broadcast transmissions on CSMA/CA – Jean Tourrilhes

Abstract

Broadcasting has always been a controversial subject in networking. Broadcasting is by essence unreliable and difficult to manage by applications. Some networking technologies such as ATM which don’t provide broadcasting have to include complex mechanisms to accommodate standard networking layers which require broadcasting.

Common Wireless LANs based on CSMA/CA MAC protocol do include broadcasting, directly translated from their wired counterpart. However transmission by radio is fundamentally different than on a wire, and unicast transmission by radio already includes specific mechanisms to adapt to the specific channel conditions, where as broadcast transmission includes usually none.
5. Taming the Underlying Challenges of Reliable Multihop Routing in Sensor Networks. Alec Woo , Terence Tong , David Culler.

Abstract

The dynamic and lossy nature of wireless communication poses major challenges to reliable, self-organizing multihop networks. These non-ideal characteristics are more problematic with the primitive, low-power radio transceivers found in sensor networks, and raise new issues that routing protocols must address. Link connectivity statistics should be captured dynamically through an efficient yet adaptive link estimator and routing decisions should exploit such connectivity statistics to achieve reliability. Link status and routing information must be maintained in a neighborhood table with constant space regardless of cell density. We study and evaluate link estimator, neighborhood table management, and reliable routing protocol techniques. We focus

on a many-to-one, periodic data collection workload. We narrow the design space through evaluations on large-scale, high-level simulations to 50-node, in-depth empirical experiments. The most effective solution uses a simple time averaged EWMA estimator, frequency based table management, and cost-based routing.
6. Collision-Minimizing CSMA and Its Applications to Wireless Sensor Networks.Y. C. Tay, Kyle Jamieson, and Hari Balakrishnan, Member, IEEE.
Abstract.

Recent research in sensor networks, wireless location systems, and power-saving in ad hoc networks suggests that some applications’ wireless traffic be modeled as an event-driven workload: a workload where many nodes send traffic at the time of an event, not all reports of the event are needed by higher level protocols and applications, and events occur infrequently relative to the time needed to deliver all required event reports. We identify several applications that motivate the event-driven workload and propose a protocol that is optimal for this workload. CSMA , is nonpersistent Our proposed protocol, named carrier sense multiple access (CSMA) with a carefully chosen nonuniform probability distribution that nodes use to randomly select contention slots. We show that is optimal CSMA in the sense that is the unique probability distribution that minimizes collisions between contending stations. CSMA has knowledge of . We conclude with an exploration of how could be used to build a more practical medium access control protocol via a probability distribution with no knowledge of that approximates.

7. A Survey on Routing Protocols for Wireless Sensor Networks. Kemal Akkaya and Mohamed Younis.
Abstract
Recent advances in wireless sensor networks have led to many new protocols specifically designed for sensor networks where energy awareness is an essential consideration. Most of the attention, however, has been given to the routing protocols since they might differ depending on the application and network architecture. This paper surveys recent routing protocols for sensor networks and presents a classification for the various approaches pursued. The three main categories explored in this paper are data-centric, hierarchical and location-based. Each routing protocol is described and discussed under the appropriate category. Moreover, protocols using contemporary methodologies such as network flow and QoS modeling are also discussed. The paper concludes with open research issues.  
8. Routing Techniques in Wireless Sensor Networks: A Survey. Jamal N. Al-Karaki Ahmed E. Kamal.
Abstract

Wireless Sensor Networks (WSNs) consist of small nodes with sensing, computation, and wireless communications capabilities. Many routing, power management, and data dissemination protocols have been specifically designed for WSNs where energy awareness is an essential design issue. The focus, however, has been given to the routing protocols which might differ depending on the application and network architecture. In this paper, we present a survey of the state-of-the-art routing techniques in WSNs. We first outline the design challenges for routing protocols in WSNs followed by a comprehensive survey of different routing techniques. Overall, the routing techniques are classified into three categories based on the underlying network structure: flat, hierarchical, and location-based routing. Furthermore, these protocols can be classified into multipath-based, query-based, negotiation-based, QoS-based, and coherent-based depending on the protocol operation. We study the design tradeoffs between energy and communication overhead savings in every routing paradigm. We also highlight the advantages and performance issues of each routing technique. The paper concludes with possible future research areas.
9. Directed Diffusion: A Scalable and Robust Communication Paradigm for Sensor Networks. Chalermek Intanagonwiwat, Ramesh Govindan, Deborah Estrin.

Abstract

Adcances in processor, memory and radio technology will enable small and cheap nodes capables of sensing, communication and computation. Networks of such nodes can coordinate to perform distributed sensing  of enverionmental phenomena. In this paper, we explore the direct diffusion paradigm for such coordination. Directed diffusion is datacentric in that all communication is for named data.  All nodes in a direct diffusion-based network are application-aware.  This enables diffusion to achieve energy savings by selecting empirically good paths and by caching and processing data in-network. We explore and evaluate the use of directed diffusion for a simple remote-survilliance sensor network.

10. Directed Diffusion for Wireless Sensor Networking. Chalermek Intanagonwiwat,  Ramesh Govindan, Deborah Estrin, John Heidemann and Fabio Silva.

Abstract

Advances in processor, memory and radio technology will enable small and cheap nodes capable of sensing, communication and computation. Networks of such nodes can coordinate to perform distributed sensing of environmental phenomena. In this paper, we explore the directed diffusion paradigm for such coordination. Directed diffusion is data centric in that all communication is for named data. All nodes in a directed diffusion-based network are application-aware. This enables diffusion to achieve energy savings by selecting empirically good paths and by caching and processing data in-network (e.g., data aggregation). We explore and evaluate the use of directed diffusion for a simple remote-surveillance sensor network analytically and experimentally. Our evaluation indicates that directed diffusion can achieve significant energy savings and can outperform idealized traditional schemes (e.g., omniscient multicast) under the investigated scenarios. 

11. Scalable Information – Driven Sensor Queryingand Routing for ad hoc Heterogeneous Sensor Networks.  Maurice Chu, Horst Haussecker, and Feng Zhao.

Abstract
This paper describes two novel techniques, information-driven sensor querying (IDSQ) and constrained anisotropic diffusion routing(CADR), for energy-efficient data querying and routing in ad hoc sensor networks for a range of collaborative signal processing tasks. The key idea is to introduce an information utility measure to select which sensors to query and to dynamically guide data routing. This allows us to maximize information gain while minimizing detection latency and bandwidth consumption for tasks such as localization and tracking. Our simulation results have demonstrated that the information-driven querying and routing techniques are more energy efficient, have lower detection latency, and provide anytime algorithms to mitigate risks of link/node failures.
12. ENERGY EFFICIENT ROUTING IN WIRELESS SENSOR NETWORKS. Curt Schurgers.  Mani B. Srivastava 
Abstract

Wireless sensor nodes can be deployed on a battlefield and organize themselves in a large-scale ad-hoc network. Traditional routing protocols do not take into account that a node contains only a limited energy supply. Optimal routing tries to maximize the duration over which the sensing task can be performed, but requires future knowledge. As this is unrealistic, we derive a practical guideline based on the energy histogram and develop a spectrum of new techniques to enhance the routing in sensor networks. Our first approach aggregates packet streams in a robust way, resulting in energy reductions of a factor 2 to 3. Second, we argue that a more uniform resource utilization can be obtained by shaping the traffic flow.  Several techniques, which rely only on localized metrics are proposed and evaluated. We show that they can increase the network lifetime up to an extra 90% beyond the gains of our first approach.
13. Rumor Routing Algorithm For Sensor Networks. David Braginsky .  Deborah Estrin.

Abstract

Advances in micro-sensor and radio technology will enable small but smart sensors to be deployed for a wide range of environmental monitoring applications. In order to constrain communication overhead, dense sensor networks call for new and highly efficient methods for distributing queries to nodes that have observed interesting events in the network. A highly efficient data-centric routing mechanism will offer significant power cost reductions [17], and improve network longevity.  Moreover, because of the large amount of system and data redundancy possible, data becomes disassociated from specific node and resides in regions of the network [10][7][8]. This paper describes and evaluates through simulation a scheme we call Rumor Routing, which allows for queries to be delivered to events in the network. Rumor Routing is tunable, and allows for tradeoffs between setup overhead and delivery reliability. It’s intended for contexts in which geographic routing criteria are not applicable because a coordinate system is not available or the phenomenon of interest is not geographically correlated.  
14. Protocols for Self-Organization of a Wireless Sensor Network.  Katayoun Sohrabi, Jay Gao, Vishal Ailawadhi and Gregory J Pottie
Abstract

We present a suite of algorithms for self-organization of wireless sensor networks, in which there is a scalably large number of mainly static nodes with highly constrained energy resources.  The protocols further support slow mobility by a subset of the nodes, energy-efficient routing, and formation of ad hoc subnetworks for carrying out cooperative signal processing functions among a set of the nodes.  
15. Highly-Resilient, Energy-Efficient Multipath Routing in Wireless Sensor Networks.  Ramesh Govindan, Scott Shenker, Deborah Estrin, Deepak Ganesan.
Abstract

Previously proposed sensor network data dissemination schemes require periodic low-rate flooding of data in order to allow recovery from failure. We consider constructing two kinds of multipaths to enable energy efficient recovery from failure of the shortest path between source and sink. Disjoint multipath has been studied in the literature. We propose a novel braided multipath scheme, which results in several partially disjoint multipath schemes. We findthat braidedmultipaths are a viable alternativefor energy efficient recovery from isolated and patterned failures.
16. Geographical and Energy Aware Routing: arecursive data dissemination protocolfor wireless sensornetworks. Yan Yu, Ramesh Govindan, Deborah Estrin.
Abstract

Future sensor networks will be composed of a large number of densely deployed sensors/actuators. A key feature of such networks is that their nodes are untethered and unattended. Consequently, energy efficiency is an important design consideration for these networks. Motivatedby the fact that sensor network queries may often be geographical, we design and evaluate an energy efficient routing algorithm that propagates a query to the appropriate geographical region, without flooding. The proposed Geographic and Energy Aware Routing (GEAR) algorithm uses energy aware

Neighbour selection to route a packet towards the target region and Recursive Geographic Forwarding or Restricted Flooding algorithm to disseminate the packet inside the destination region. We evaluate the GEAR protocol using simulation. We find that, especially for non-uniform traffic distribution, GEAR exhibits noticeably longer network lifetime than non-energy-aware geographic routing algorithms.
17. A Reliable Multicast Framework for Light-weight Sessions and Application Level Framing.  Sally Floyd, Van Jacobson, Ching-Gung Liu,  Steven McCanne, and Lixia Zhang.
Abstract
This paper describes SRM (Scalable Reliable Multicast), a reliable multicast framework for light-weight sessions and application level framing. The algorithms of this framework are efficient, robust, and scale well to both very large networks and very large sessions. The SRM frame work has been prototyped in wb, a distributed whiteboard application, which has been used on a global scale with sessions ranging from a few to a few hundred participants. The paper describes the principles that have guided the SRM design, including the IP multicast group delivery model, anend-to-end, receiver-based model of reliability, and the application level framing protocol model. As with unicast communications, the performance of a reliable multicast delivery algorithm depends on the underlying topology and operational environment. We investigate that dependence via analysis and simulation, and demonstrate an adaptive algorithm that uses the results of previous loss recovery events to adapt the control parameters used for future loss recovery. With the adaptive algorithm, our reliable multicast delivery algorithm provides good performance over a wide range of underlying topologies.
18. PEGASIS: Power-Efficient Gathering in Sensor Information Systems.  Stephanie Lindsey,  Cauligi S. Raghavendra.
Abstract

Sensor webs consisting of nodes with limited battery power and wireless communications are deployed to collect useful information from the field. Gathering sensed information in an energy efficient manner is critical to operate the sensor network for a long period of time. In [3] a data collection problem is defined where, in a round of communication, each sensor node has a packet to be sent to the distant base station. If each node transmits its sensed data directly to the base station then it will deplete its power quickly. The LEACH protocol presented in [3] is an elegant solution where clusters are formed to fuse data before transmitting to the base station.  By randomizing the cluster heads chosen to transmit to the base station, LEACH achieves a factor of 8 improvement compared to direct transmissions, as measured in terms of when nodes die. In this paper, we propose PEGASIS (Power-Efficient GAthering in Sensor Information Systems), a near optimal chain-based protocol that  is an  improvement over LEACH.  In PEGASIS, each node communicates only with a close neighbor and takes turns transmitting to the base station, thus reducing the amount of energy spent per round.  Simulation results show that PEGASIS performs better than LEACH by about 100 to 300% when 1%, 20%, 50% , and 100% of nodes die for different network sizes and topologies.
19. SPEED:  A Stateless Protocol for Real-Time Communication in Sensor Networks. Tian He, John A Stankovic, Chenyang Lu, Tarek Abdelzaher.

Abstract
In this paper, we present a real-time communication protocol for sensor networks, called SPEED. The protocol provides three types of real-time communication services, namely, real-time unicast,  real-time area-multicast and real-time area-anycast. SPEED is specifically tailored to be a stateless, localized algorithm with minimal control overhead. End-to-end soft real-time communication is achieved by maintaining a desired delivery speed across the sensor network through a novel combination of feedback control and non-deterministic geographic forwarding. SPEED is a highly efficient and scalable protocol for sensor networks where the resources of each node are scarce.  Theoretical analysis, simulation experiments and a real implementation on Berkeley motes are provided to validate our claims.
20. Energy and QoS aware Routing in Wireless Sensor Networks.  Kemal Akkaya and Mohamed Younis
Abstract
Many new routing protocols have been proposed for wireless sensor networks in recent years. Almost all of the routing protocols considered energy efficiency as the ultimate objective since energy is a very scarce resource for sensor nodes. However, the introduction  imaging sensors has posed additional challenges. Transmission of imaging data requires both energy and QoS aware routing in order to ensure efficient usage of the sensors and effective access to the gathered measurements. In this paper, we propose an energy-aware QoS routing protocol for sensor networks which can also run efficiently with best-effort traffic. The protocol finds a least-cost, delay-constrained path for real-time data in terms of link cost that captures nodes’ energy reserve, transmission energy, error rate and other communication parameters. Moreover, the throughput for non-real-time data is maximized by adjusting the service rate for both real-time and non-real-time data at the sensor nodes. Such adjustment of service rate is done by using two different mechanisms. Simulation results have demonstrated the effectiveness of our approach for different metrics with respect to the baseline approach where same link cost function is used without any service differentiation mechanism.
