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The way of energy used The way of energy used 
(at node level)(at node level)

Lower transmission distances (< 10m) Lower transmission distances (< 10m) 
Lower bit rates (typically < kbps) Lower bit rates (typically < kbps) 
Limited battery capacity Limited battery capacity 

0.0160.016SleepSleep
12.3612.36IdleIdle
12.5012.50ReceiveReceive
14.8814.88TransmitTransmit

Power consumption(mw)Power consumption(mw)Radio modeRadio mode
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The way of energy used The way of energy used 
(at network level)(at network level)

Collision
– corrupted packets must be retransmitted and it increases  

energy consumption
Overhearing

– picking up packets that are destined to other nodes.
� Control packet overhead

Idle listening
– Listening to receive possible traffic that is not sent
– This is the major source of energy inefficiency
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Energy conserving aspectsEnergy conserving aspects
Energy efficient techniquesEnergy efficient techniques
–– Transmission Power Control Transmission Power Control 

Reduce the transmission power and at the same time, to get a gooReduce the transmission power and at the same time, to get a good d 
topology (higher connectivity, lower endtopology (higher connectivity, lower end--toto--end delay etc.).end delay etc.).

–– Energy Efficient Routing Energy Efficient Routing 
Route the packets through the minimumRoute the packets through the minimum--energy path, so that the energy path, so that the 
overall energy consumption for delivering a packet from the souroverall energy consumption for delivering a packet from the source to ce to 
the destination is minimized.the destination is minimized.

–– Energy efficient dataEnergy efficient data--centric schemecentric scheme
using data gathering techniques to filter duplicate data for decusing data gathering techniques to filter duplicate data for decreasing  reasing  

data transmission frequencydata transmission frequency
Energy efficient MACEnergy efficient MAC
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Energy saving method(1)Energy saving method(1)
Power managementPower management
Schedule nodes in Schedule nodes in activeactive--sleepsleep working cycles such that working cycles such that 

the radio unit of the node is powered off when not the radio unit of the node is powered off when not 
engaging in transmission or receptionengaging in transmission or reception. . 

Off Off OffOffsleepsleepsleepsleepS4S4
OffOffOnOnSleepSleepSleepSleepS3S3
RxRxOnOnSleepSleepSleepSleepS2S2
RxRxOnOnSleepSleepIdleIdleS1S1

Tx,RxTx,RxOn On ActiveActiveActiveActiveS0S0
Radio Radio sensingsensingmemorymemoryprocessingprocessingstatestate
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Power management (cont)Power management (cont)

505050501010S4S4

25252020200200S3S3

20201515270270S2S2

8855400400S1S1

10401040S0S0

ThresholdThresholdLatency(msLatency(ms))Power(mwPower(mw))StateState
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Goal:Goal:
–– ““Go to Reduced Power Mode after the user has been idle for a few Go to Reduced Power Mode after the user has been idle for a few 

seconds/seconds/minutes,andminutes,and restart on demandrestart on demand””
Issues:Issues:
–– Cost of Cost of restarting:latencyrestarting:latency vs. power tradevs. power trade--offoff

Increase in Increase in latency(responselatency(response time)time)
Increase in power consumption due to startupIncrease in power consumption due to startup

–– When to change mode:When to change mode:
Optimal vs. Idle Time ThresholdOptimal vs. Idle Time Threshold

–– When to wakeup:When to wakeup:
Optimal vs. OnOptimal vs. On--demanddemand

–– Problems Problems 
How to make sure enough nodes wakeupHow to make sure enough nodes wakeup
The ability to react to burst events is weakThe ability to react to burst events is weak
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Power saving method(2)Power saving method(2)
Time SchedulingTime Scheduling

----periodic listen and sleepperiodic listen and sleep
Fixed duty cycle Fixed duty cycle –– active period, sleep periodactive period, sleep period
Synchronization Synchronization is a major problemis a major problem

sleepsleep sleepsleep
activactiv
ee

activactiv
ee

activactiv
ee

for for 
syncsync

for datafor data
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SS--MACMAC
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----Sync problemSync problem
Global syncGlobal sync
No syncNo sync
Local sync     Local sync     
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No syncNo sync

---- QuorumQuorum--basedbased

1 2      3     4

5 6      7     8

9 10    11   12

13  14    15   16

1      2      3     4

5      6      7     8

9 10    11   12

13   14   15   16

1            4                                                  16

1             4                                                 16
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Local syncLocal sync

OffsetOffset

10:10

10:04

10:09
0:01 

- 0:05

-0:01

0:05
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Local syncLocal sync

Nodes of same color Nodes of same color ---- synchronize with each other.synchronize with each other.
Nodes of different colors Nodes of different colors –– know each otherknow each other’’s timings timing
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Which one to chooseWhich one to choose

37.8737.87%%4 schedules4 schedules

28.428.4%%3 schedules3 schedules

1919%%2 schedules2 schedules

Local SynchronizationLocal Synchronization

10%10%Global SynchronizationGlobal Synchronization

35.4%35.4%QuorumQuorum--basedbased

53%53%DAIDAI
No SynchronizationNo Synchronization

Awake time ratioAwake time ratioClock synchronization methodClock synchronization method
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Pro and conPro and con

Global syncGlobal sync
–– Best performance in energy savingBest performance in energy saving
–– Needs a good synchronization algorithmNeeds a good synchronization algorithm
No syncNo sync
–– simpler and more scalablesimpler and more scalable
–– Simple = no need for clock sync??Simple = no need for clock sync??
–– Less efficient in power savingLess efficient in power saving
–– BroadcastBroadcast//multicastmulticast is inefficientis inefficient
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Pro and con (cont)Pro and con (cont)

Local syncLocal sync
–– More scalableMore scalable

–– InInefficienefficient with t with multiplemultiple schedulesschedules
–– Protocols incompleteProtocols incomplete
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Power saving method(3)Power saving method(3)

Prediction method Prediction method 
–– Processing << transmission consumptionProcessing << transmission consumption
–– Use computation history to predictUse computation history to predict

Next positionNext position、、direction of objectdirection of object
Next value collectedNext value collected
Next time may events occurNext time may events occur
Next query resultNext query result

For the purpose of For the purpose of 
1.Reducing long distance transmission1.Reducing long distance transmission
2.Duplicate data filtering2.Duplicate data filtering
3.Determining when can nodes sleep and wakeup3.Determining when can nodes sleep and wakeup
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PredictionPrediction--based object trackingbased object tracking

Dual predictionDual prediction--based reportingbased reporting
–– Both sensors and BS have the same prediction Both sensors and BS have the same prediction 

model and predict the future movement of model and predict the future movement of 
mobile objects by historical informationmobile objects by historical information

–– Transmissions of sensor readings are avoided Transmissions of sensor readings are avoided 
as long as the predictions are correct.as long as the predictions are correct.

–– Prediction method Prediction method 
Instant Instant 
average average 
exponentialexponential
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Selective activation based on Selective activation based on 
predictionprediction
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Conclusion Conclusion 

saving most energy  = Max network saving most energy  = Max network 
lifetime ??lifetime ??
CanCan’’t not ignore coverage problem while t not ignore coverage problem while 
using sleep mode for saving energy.using sleep mode for saving energy.
Properly use of prediction methods can save Properly use of prediction methods can save 
much energy but recovery schemes are much energy but recovery schemes are 
needed (like preneeded (like pre--wakeup schemewakeup scheme……etc).etc).
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