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Computer networkingComputer networking

• Internet
– Enable efficient communication (Email, skype).

– Share computing/storage resources (RAID, 
grid computing).

– “Network of information”: Distributed 
information publishing, storage, and indexing 
(e.g., google). 

• Sensor networks
– Connect the Internet with the physical world.
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A generic sensor nodeA generic sensor node

• CPU.

• On-board flash memory or external memory
• Sensors: thermometer, camera, motion, light 

sensor, etc.
• Wireless radio.

• Battery.
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Centralized Centralized v.sv.s. distributed sensing. distributed sensing

• Centralized sensing: 
– a few number of powerful sensors.

• Distributed sensing: 
– a large number of inexpensive, less powerful sensors.

• Advantages of sensor networks:
– System robustness.
– Easy to deploy.
– Fine-grained data collection or environment 

monitoring.
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Applications of sensor networksApplications of sensor networks

• Fine-grained data collection.
– Agriculture: monitor soil moisture.

– Science: volcanoes, birds, glacier.  

• Traditional approach:
– A few sensors connected by wires.
– Not sufficient for dense monitoring, e.g., 

sample every meter in a forest.

– Wires are messy, easy to break.
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Into Deep Ice Into Deep Ice 

• Monitor glacier behavior, for the understanding 
of the dynamics of glaciers as well as global 
warming.

• “Sensors are placed in, on and under glaciers 
and data collected from them by a base station 
on the surface. Measurements include 
temperature, pressure, stress, weather and 
subglacial movement.”
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Into Deep Ice Into Deep Ice 

• http://leo.ecs.soton.ac.uk/glacsweb/plotter.php

• A java applet for on-line data query
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Applications of sensor networksApplications of sensor networks

• Ad hoc networking: easy to deploy
– Disaster rescue.
– Military applications.

• Real-time environment monitoring.
– Alert system.
– Health care.

• RFID tags
– Warehouse management, library book management
– Smart shopping.
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From a philosophical point of viewFrom a philosophical point of view

• Swarm intelligence: “systems of non-intelligent robots 
exhibiting collectively intelligent behavior” [Beni, 89].

Ants forming a 
bridge

Shortest path routing
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Networked sensors can be intelligentNetworked sensors can be intelligent

• Local decisions, global optimal behaviors.

The "V" formation of the flock enables each 
individual bird to save about 23% energy.
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““A world full of sensorsA world full of sensors”” is not a fantasyis not a fantasy

• There are already many sensors deployed 
out there.
– Cell phones.

– Surveillance cameras.
– GPS receivers.

– Motion and light sensors.

• Now let’s connect them into a network. 
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OutlineOutline

• Challenges of wireless sensor networks.
• Course overview.
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Major goalsMajor goals

• How to organize the network?
• How to retrieve, store, and index data from 

sensors?

• Shift interest from “network” to “data”.
• Intertwine data processing with data 

delivery.
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Algorithmic challengesAlgorithmic challenges

• Resource constraints:
– Computation, communication and energy.

• Dynamic environment:
– Network topology is dynamic. 

– Inexpensive nodes have high failure rate. 

• Robust data-processing algorithms:
– Sensor data is noisy. Sensors malfunction.

• Distributed algorithms preferred. 
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Energy constraintsEnergy constraints

• Battery-powered devices.
• Load balancing

– avoid overloading any particular node.

• Communication is much more energy 
consuming than computation.

– Transmitting 1 bit costs as much energy 
as running about 1,000 instructions.

• In-network processing
– Compress raw data in the network.
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Ad hoc networkingAd hoc networking

• Ad hoc multi-hop network: 
– Nodes relay messages for each other.
– Save energy: energy consumption is 1/r , 

where  =2~5.

• Ad hoc deployment, no fixed or 
predefined topology.

• Highly dynamic:
– Sensors die, links come and go.
– Wireless broadcasting, interference.
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Difficult calibrationDifficult calibration

• Localization
– Data integrity.

– Location information helps network 
organization.

• Synchronization
– No global sync server.
– Important for in-network reasoning such 

as target tracking
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Information processingInformation processing

• Two major challenges:
– Massive amount of data.

– Raw sensor readings.

• Techniques to be developed:
– Low-level sensor readings � high-level 

semantic reports.
– Data aggregation (suppress redundant data) 

and compression (by exploring spatial 
correlation).
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Information storage, indexing, queryInformation storage, indexing, query

• New query engine: “google” the physical 
world.
– Where is the data stored?

– How is the data indexed in a distributed 
fashion?

– How does a user retrieve his desired data?
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Distributed, localized, collaborative Distributed, localized, collaborative 
protocolsprotocols

• Measurements are local, computing 
and communication are distributed;

• Achieve globally optimal objectives.

• The local/global interaction is one of 
the most mysterious phenomena in 
nature that we don’t understand.


