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• Military
• Environmental
• Health
• Home
• Disaster relief
• Space exploration
• Chemical processing
• Other commercial 

Wireless sensor and actuator 
network applications
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• Ability to sustainsensor network  functionality without 
any interruption.
• Protocols and schemes should be designed with the target 
level of fault tolerance.

Fault Tolerance
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• May reach millions of sensor nodesin studying a 
phenomenon or stimuli,
• Schemes tend to form clusters,
• Each cluster may have a coverage area of less than 10 meter.
• Each cluster may have several to hundred sensor nodes.
• Densityof sensor nodes is high,

Scalability
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Scalability (Cont’d)

• Border security:
70.000 to 250.000 nodes for 500 km border

• Pipeline security: 
100.000 to 250.000 nodes for a typical pipeline of 1000 km

• Blue Force Tracking: 
BFT1 ~60.000 nodes
BFT2 ~120.000 nodes
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Nodes must be cheap enough to be scalable.

- Border&Pipeline security nodes: 100 - 6000 Euro
- BFT nodes 1000 – 1600 Euro

Production Cost
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Power Unit Power Generator

Sensors   ADC
Processor

Memory
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Location Finding System Mobilizer

• Small,
• Low cost (dispensable), 
• Low power,
• Low bit rate,
• Low memory capacity, 
• Limited computational 
power.

Other Interfaces

Sensor Node Hardware
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1980’s-1990’s 2000-2003 2010
Manufacturer custom contractors Crossbow, Sensoria, Dust, Inc, and 

Ember, Genetlab, etc others
Size large shoe box small shoe box dust particle
Weight kilograms grams negligible
Architecture separate sensing, proc., integrated integrated

comm. units
Topology point-to-point, star client server, peer-to-peer peer-to-peer
Power supply large batteries AA batteries solar

hours, days, longer days-to-weeks months-to-years
Deployment vehicle placed or air hand-emplaced embedded, 

drop single sensors sprinkled left 
behind 

C. Chong, S.P. Kumar, “Sensor Networks: Evolution, Opportunities, and Chalenges,” Proceedings of IEEE, Vol. 91, No. 8, August 2003.

Sensor Nodes
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Topology in sensor and actuator 
networks
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• Network lifetime depends on battery lifetime
• Generally irreplaceable
• Limited battery (~1 V)

Power Consumption
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• In sensor networks, power conservation is of utmost 
importance.
• Hence, novel power-aware protocolsand algorithms needed.
• In sensor & actuator networks end-to-end propagation delay  
may become a parameter conflicting with power consumption in 
some real time applications.
• Hence trade-off mechanisms between power consumption and 
end-to-end delayare needed for some sensor& actuator network 
applications.
• Issues related to battery recovery ratemust also be taken into 
account.

Power Consumption
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• Communications
• Data Processing 
• Sensing  

Three Domains of Power 
Consumption
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• Transmission and reception energy costsare nearly the 
same. 
• Transceiver circuitry has both active and start-up power 
consumption 
• Sensors communicate in short data packets.
• Start-up power starts dominating as packet size is reduced. 
• Cannot blindly turn off the transceiver during idling.
• Path-loss slopeis around four due to low lying antenna. 

Power Consumption in 
Communications
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• This is much lessthan the power consumption in communications. 
For example a 100 million instructions per second processor can 
execute 3 million instructions by the energy cost of transmitting 1 
KB a distance of 100 m.

• Therefore, local data processing is crucialin minimizing power 
consumption in a wireless sensor network.

• However, the energy cost of data processing is not negligible.

Power Consumption in Data 
Processing












































































































































