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Are Sensor Networks the Next Generation of 
Microscopes?

We are doubtful that 
the one developing the 

"microscope"
is also discovering the 

“bacteria”…

Allow us to see things 
we  were not aware of 
before
Help to monitor 
actions we have not 
understood before
Be tools to teach 
things differently 
because we can 
directly observe them

Monitoring Spaces

Monitoring Objects

Monitoring Interactions 
between Spaces and Objects



Technological Blend

� Processing

� Sensing

� Communication
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Comparisons of 2.4GHz Motes

Source: Crossbow Technology (2008)



WSN Example Application



Generic System Architecture



Applications

Size
Source: www.xbow.com



WSN: Killer Features

• Spatio-Temporal Accuracy

• Ease of Deployment

• Redundancy => Robustness (Node Failures) 

[Data Centric]

• Collaborative

• Smaller Size

• Fault Tolerance Communication

•Node Mobility

Low End Processors

Low Bandwidth Communication

Battery Powered Node

Application Driven Sensing Modalities



Constraints for Wireless Sensor 
Networks

Fault Tolerance

Handle loss of 
nodes

Scalability

Handle high density of 
nodes

Hardware 
Limitations

Nodes are tiny

Hostile 
EnvironmentSurvive and maintain 

communication

Power

Limited Tx, 
computation, and 

lifetime

Security ?Security ?

Confidentiality, 
Authentication

Transmission Media

Wireless: RF, 
Infrared

Costs

Nodes die, make 

them low cost

Changing 
Topology Nodes moving, 

new nodes, loss 
of nodes



•Network Communications
– Reverse Multicasting

– Dissemination

• Time Synchronization
– Sleep and Wake Time Scheduling

– Event Timestamping

• Localization
– Spatial Information

– Routing

• Security
– Confidentiality

– Message Authentication

Typical WSN Application Services



Routing

� MultiHop

� Reverse Multicast

� Expended by Sinks and Sensor Nodes

Sender Router Reciever



Cross Layer Melting

Good Design 

Abstraction

and

Debugging

Good energy 

Efficiency & 

performance

and less overhead



Pragmatic Considerations 
Reliability Improvement Techniques
• Radio's Transmission area are never circular

• Coverage Areas are non-contiguous

• All radio's do not have equal range

• Symmetry (If I can hear you, you can hear me) � does not exists

� MultiRoute to Sink

� Dynamic Route Updates

� Link Level message Acks

� End-to-End message Acks

� Automatic Retries

Existence of asymmetries 
requires careful 

identification of “good 

neighbors”



Time Synchronization

� Services

− Coordination

− Communication

− Security

− Power management

− Distributed logging

− Sensor data fusion

− Coordinated actuation

− Power-efficient duty cycling



Time Synchronization &
In-Network Processing

Collisions



Time Synchronization &
In-Network Processing



Localization
A mechanism for discovering spatial relationships 

between objects

Localization gives raw sensor readings a physical 

context

� Temperature readings =>Temperature map

� Asset tagging =>Asset tracking

� Smart spaces =>Context dependent behavior



Triangulation, Trilateration

� Anchors advertise their 

coordinates & transmit 

a reference signal

� Other nodes use the 

reference signal to 

estimate distances 

anchor nodes.



Typical Time-of-Flight AR System
� Radio channel is used to synchronize the sender and 

receiver (or use a timesync service) �

� Coded acoustic signal is emitted at the sender and 

detected at the emitter.  TOF determined by comparing 

arrival of RF and acoustic signals

CPU

Speaker

Radio

CPU

Microphone

Radio



Security
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Avg Temp

Avg X = (x1 + … + xn) / n

Computing the

average temperature
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