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Data Gathering in
Sensor Networks

« Collect periodic snapshots of distributed sensor
data at a sink node

» Environmental Applications
- Collect temperature, humidity, pressure data

» Sensor networks are
usually redundant

» They exhibit high
degree of spatial
correlation in the data
collected (colored sub-
regions in the figure)

Approach

» Naive Method
» Collect data from all the nodes by forming an aggregation
tree with sink node at the root
 Involves redundant work and drastically reduces the network
lifetime
» Energy Efficient Method
¢ Assume any two nodes are sufficient to determine the data in
each colored sub-region
* Gather data from a subset of sensorsthat is sufficient to
figure out therest of the data — Correlation Dominating Set

» Subset of nodes selected for data gathering must be
connected

SinkNode

Naive Approach Energy Efficient Approach

Design Simulation

« Correlation Graph - A generic model to « Random Data

capture data correlation q" « 1000 nodes scattered in a 40x40 region

« Correlation graph consists of hyperedges between nodes. « Transmission radius=3, 5

* Ahyperedge (x, (U, v, w)) models the inference of x’s data \ « Correlation Graph extracted using a
fromthat of u, vand w : percentage of all possible hyperedges

¢ Theproblem isto determine the Minimum Connected between a node and it’s 2-hop neighbors
Correlaﬁon Dominating Set for a given connectivity and Hyperedge (c(uvam) « Higher correlation percentage means higher
correlation graph for the sensor network correlation existsin the network
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» Nodes (t, u, v, w) form the
dominating set of nodes
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Algorithms S
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e Minimum Dominating Set problem is NP-hard

Correlation Percentage(P)
L. L . » Real Temperature Data

« Distributed Heuristic Algorithms

« All nodes are selected in the beginning

» Daily Average temperature collected from 600
citiesacross US over a period of 10 years

* Nodes are deleted from dom-set while maintaining theinvariant : .

« Deletion of the node does not disconnect the dominating set

Modeled each city as a node and connectivity
) ) - ) graph was defined by setting 70mile
* Thereexistsa set of nodes in the dominating set that form a hyperedge with the deleted node . .
Several variants of this aldorithm - Handshake 2-Rounds. Delaved-C ; transmission radius for each node
. vari i rithm : -Roun -Conn .
e . arants ot s . go . an &£-Rounds, Deay onned Correlation Graph was extracted based on the
» Centralized Approximations relation between the average data of each
« A greedy method of selecting nodes with the highest benefit at each step node over the complete period
gives a O([1+logn] OPT) approximation

« Polynomial time heuristic algorithms can be derived from the above method by limiting the search space
of selection process at each step

* Servesasagood comparison with the distributed algorithms
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