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BackgroundBackground

Sensor network must use a data gathering scheme that 
is energy-efficient
– A sensor node is typically powered by a battery that cannot be 

replaced often

The scheme must also adapt to the addition, removal, 
and movement of sensor nodes without any centralized 
control
– Sensor nodes are often deployed and distributed in an 

uncontrolled way
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SynchronizationSynchronization--based based 
Data Gathering Scheme (1)Data Gathering Scheme (1)

A scalable, robust, and energyA scalable, robust, and energy--efficient scheme for efficient scheme for 
periodic data gathering in sensor networksperiodic data gathering in sensor networks
Sensor information periodically propagates from the Sensor information periodically propagates from the 
edge of a sensor network to a base stationedge of a sensor network to a base station
–– Each sensor node has a timerEach sensor node has a timer
–– Each sensor node emit their sensor information based on their Each sensor node emit their sensor information based on their 

own timers, but in synchrony with others of the same number of own timers, but in synchrony with others of the same number of 
hops hops (called level)(called level)

EnergyEnergy--efficiencyefficiency
–– Each sensor node needs to turn on its transceiver component Each sensor node needs to turn on its transceiver component 

only at regular intervalsonly at regular intervals
–– The amount of data that needs to be transferred can be The amount of data that needs to be transferred can be 

effectively reducedeffectively reduced
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SynchronizationSynchronization--based based 
Data Gathering Scheme (2)Data Gathering Scheme (2)

Synchronization is accomplished without any centralized Synchronization is accomplished without any centralized 
control by adopting pulsecontrol by adopting pulse--coupled oscillator modelcoupled oscillator model
–– Scalable because of no centralized controlScalable because of no centralized control
–– Adaptive to the addition, removal, and movement of sensor Adaptive to the addition, removal, and movement of sensor 

nodes without any manual operations nodes without any manual operations 
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Apply PulseApply Pulse--coupled Oscillator Modelcoupled Oscillator Model

Each sensor also have regulated phase      and regulated state  Each sensor also have regulated phase      and regulated state  
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ImplementationImplementation

We implemented our scheme in sensor networks We implemented our scheme in sensor networks 
composed of wireless sensor units :MOTEcomposed of wireless sensor units :MOTE

The experiments were conducted on a roof with few 
obstructions
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Experimental ResultExperimental Result (Proposed Scheme) (Proposed Scheme) 
--SynchronizationSynchronization--

Synchronization was immediately lost 
because of delayed radio signals
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Experimental ResultExperimental Result (Proposed Scheme)(Proposed Scheme)
--Level IdentificationLevel Identification--

Node s32 wrongly considers its level 
because of unstable radio signals
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ProblemsProblems

In real wireless communications, radio signals  are often 
delayed and unstable
–– Delayed radio signalsDelayed radio signals

Synchronization is lost when state of the sensor nodes is raisedSynchronization is lost when state of the sensor nodes is raised by by 
delayed signalsdelayed signals

–– Unstable radio signals Unstable radio signals 
When radio signals of further sensor nodes accidentally reach toWhen radio signals of further sensor nodes accidentally reach to a a 
sensor node, level is wrongly identifiedsensor node, level is wrongly identified
Sensor nodes canSensor nodes can’’t attain synchronization and become isolatedt attain synchronization and become isolated
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Improved SchemeImproved Scheme

Three filtering mechanisms to solve problemsThree filtering mechanisms to solve problems
–– For delayed radio signalsFor delayed radio signals

1. Ignore radio signals discriminated to be delayed1. Ignore radio signals discriminated to be delayed
–– For unstable (too weak or infrequent) radio signalsFor unstable (too weak or infrequent) radio signals

2. Ignore radio signals whose reception strength are too weak2. Ignore radio signals whose reception strength are too weak
3. Ignore radio signals which infrequently arrive (less than twi3. Ignore radio signals which infrequently arrive (less than twice in ce in 

three timer cycles)three timer cycles)
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Experimental ResultExperimental Result (Improved Scheme) (Improved Scheme) 
--SynchronizationSynchronization--

Synchronization was maintained
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Experimental ResultExperimental Result (Improved Scheme)(Improved Scheme)
--Level IdentificationLevel Identification--

All sensor nodes identify 
their level correctly
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Conclusion & Future WorksConclusion & Future Works

ConclusionConclusion
–– The proposed scheme could not establish the synchronization in The proposed scheme could not establish the synchronization in 

real environmentreal environment
because of unstable wireless communicationsbecause of unstable wireless communications

–– several improvements to solve problemsseveral improvements to solve problems
filtering mechanismsfiltering mechanisms

–– Improved scheme could periodically gather sensor information Improved scheme could periodically gather sensor information 
from sensor nodes from sensor nodes 

Future WorksFuture Works
–– Experiments with more obstructions, interference, collisionsExperiments with more obstructions, interference, collisions
–– Confirm scalability, robustness, and energyConfirm scalability, robustness, and energy--efficiencyefficiency
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Thank youThank you
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Experimental ResultExperimental Result (Improved Scheme) (Improved Scheme) 
--Removal of NodesRemoval of Nodes--

Global synchronization was maintained 

Remove nodes s13, s12,s11 
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Experimental ResultExperimental Result (Improved Scheme) (Improved Scheme) 
--Addition of NodesAddition of Nodes--

add nodes s11, s12,s13 

Global synchronization was reestablished
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Experimental ResultExperimental Result (Improved Scheme) (Improved Scheme) 
--Change in Frequency of Data GatheringChange in Frequency of Data Gathering--


