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Introduction(1/2)

Distributed sensor networks (DSNs)
Are important for a number of strategic 
applications.

Ex. Coordinated target detection, 
surveillance ,and localization

The effectiveness of the DSNs is 
determined to a large extent by the 
coverage provided by the sensor 
deployment.
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Introduction(2/2)

Random deployment
Is desirable, if no a priori knowledge of the 
terrain are available. 
overly clustered?

How to improve the coverage?



2003-10-01 Ting-Kai Huang, MNet Lab

Virtual Force 
Algorithm(1/10)

Main steps
1. random deployment of sensors
2. cluster head execute the VFA to decides 
the new position of each sensor 
One-time movement is carried out to 
deploy the sensors at these positions
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Virtual Force 
Algorithm(2/10)

Virtual force 
Attractive forces

The two sensor nodes are too far apart from each 
other
Preferential coverage

Repulsive forces
The two sensor nodes are placed too close to 
each other
Obstacles
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Virtual Force 
Algorithm(2/9)
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Virtual Force 
Algorithm(3/9)

The threshold distance      controls how close 
sensors get to each other.

ij  is the Euclidean distance between sensor  and ,
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Virtual Force 
Algorithm(4/9)
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Virtual Force 
Algorithm(5/9)

Binary sensor model
the coverage           of an grid point P by sensor
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Virtual Force 
Algorithm(6/9)

Probabilistic sensor model
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Virtual Force 
Algorithm(7/9)

If           use the binary model, we attempt to 
make as close to 2r as possible
Drawback

0er ≈

ijd
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Virtual Force 
Algorithm(8/9)
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Virtual Force 
Algorithm(9/9)
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Target Localization(1/6)

Two-step communication protocol
yes/no message
Detailed information 
ex. Detection strength, imagery

Advantages 
Save power and bandwidth
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Target Localization(2/6)

Detection probability table
Contains entries for all possible detection reports 
from those sensors that can detect a target at this 
gird point.
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Target Localization(3/6)

Score-based Ranking

is the set of sensors that have reported the 
detection of an object

is the set of sensors that can detect point  
P(x,y) and have also reported the detection of an 
object
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Target Localization(4/6)

Selection of sensors to query

The sensors selected corresponding to he 
ones that have the shortest distance to 
those grid points with the highest scores 

( ) : ( ( ), ) min{ ( , )}q q MS i MSS t d S t P d s P=
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Target Localization(5/6)

Evaluation of energy savings
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Target Localization()
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Simulation Results(1/4)

Binary sensor detection model
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Simulation Results(2/4)

Probabilistic sensor detection model
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Simulation Results(3/4)

Sensor Field with a preferential area and 
on obstacle
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Simulation Results(4/4)

Probability-based target Localization
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Conclusion(1/2)

Advantages
Negligible computation time and a one-
time repositioning of the sensors
The desired sensor field coverage and 
model parameters can provided as input to 
the VFA algorithm
The localization algorithm can reduce the 
energy consumption for target detection 
and location
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Conclusion(2/2)

Future work
Make route plan for repositioning the 
sensors
Detect multiple objects
Consider about sensors nodes failures
Examine continuous coordination systems
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