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Sensor Clock Drift MeasurementsSensor Clock Drift Measurements
Clock characteristics measurement

3 node typeyp
• TelosB, MicaZ, Hmote

11 nodes for each type
Various timestamp message interval

• 250msec ~ 60min

~14days, outdoor
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Error source : Clock granularityError source : Clock granularity

Clock measure between Packet TX and Active 
message layermessage layer

TelosB : 32KHz-oscillator
i l it 30 5min granularity : 30.5usec
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Error source : Scheduling delayError source : Scheduling delay

Clock measurement between Packet TX and 1st

tasktask
Scheduling delay variation when the load is high

Small timestamp message interval
3-4 local max points

Copyright © 2007 Network Lab. in SNU, All right reserved.



Error source : Relative clock driftError source : Relative clock drift

Clock measurement between Packet TX and 
Packet RXPacket RX
Relative clock drift
Clock drift is caused by environmental change 
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Relative Clock drift caused by TemperatureRelative Clock drift caused by Temperature

Clock drift
T t h idit iTemperature, humidity, aging
Clock drift vs temperature[24][24]

f i t ff is current frequency
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Relative Clock Drift characteristicsRelative Clock Drift characteristics

Characteristic 1: Energy consumption decreases with the 
synchronization interval.y
Characteristic 2: The maximum relative clock drift rate 
according to the synchronization interval can be 

i t d b li f tiapproximated by a linear function.
Characteristic 3: 2θ can be smaller than the maximum 
relative clock drift rate if the synchronization interval isrelative clock drift rate if the synchronization interval is 
small, and the difference between 2θ and the maximum 
relative clock drift rate increases with the synchronization 
i t linterval. 
Characteristic 4: If the synchronization interval is small, 
scheduling delay affects the relative clock drift much andscheduling delay affects the relative clock drift much, and 
its distribution doesn’t follow the Gaussian any more.
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Wid MACWid MAC P t lP t lWideMACWideMAC ProtocolProtocol
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Limitations of existing protocolsLimitations of existing protocols

No ultra low duty cycle Sensor MAC protocol
0.1 ~ 10%%

Hi h TX h d

Previous MAC protocols w/ ultra low duty cycle(«0.1%) 
mode consumes much TX energy

High TX overhead
To minimize RX power consumption
Because source nodes’ packets can be relayed byBecause source nodes  packets can be relayed by 
multiple nodes, source nodes can be suffered from 
battery run-out. 

No protocol for high reliability and low energy consumption
High reliability protocol consumes much energy
Ult l d t l d MAC t l h l f thiUltra low duty cycled MAC protocols occupy channels for nothing
because it takes much time to find relay node’s wakeup 
time or synchronization high collision probability

Copyright © 2007 Network Lab. in SNU, All right reserved.



Proposed Algorithm: WideMACProposed Algorithm: WideMAC[21][21]

X-MAC based 
Ul l d lUltra low duty cycle
Clock drift characteristics
Ultra low communication power consumption
Ultra low TX power consumptionUltra low TX power consumption
High reliability
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MotivationMotivation

Wakeup time estimation

Wakeup time estimation is not easy
RX node and TX node clocks differ

Copyright © 2007 Network Lab. in SNU, All right reserved.



Clock drift characteristics Clock drift characteristics 
Longer synchronization interval means lower energy 
consumptionconsumption

Relative clock speed variation
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SynchronizationSynchronization
Periodic synchronization

Periodic data samples (Dk)

• Easy to estimate RX node’s wakeup time

Spa

tTX

T T

Dpa

tT
• e.g) linear regression ∵E(t) ≈0

Sync.
acket

tRX

D
ata

acket

D D D E(t)DDn-3 Dn-2 Dn-1 E(t)Dn

Aperiodic synchronization
Aperiodic data samples (Ek)

• e g ) WiseMAC[1]• e.g.) WiseMAC[1]

• Difficult to estimate RX node’s wakeup time ∵ En>>0
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Relative clock speed estimationRelative clock speed estimation

Relative clock speed estimation algorithm
Very insensitive to the current measured relative clock speed 
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Clock drift marginClock drift margin
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Total marginTotal margin
Delay margin is effective for short inter-tx time
Clock drift margin is effective for long inter tx timeClock drift margin is effective for long inter-tx time

R
X

 node clockk counter

( )total n delay clockM T M M= +

clock drift margin

delay margin
total margin

TX node clock counter
TLTST0
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Linear marginLinear margin

Uses the data of two different packet TX intervals
Can support a wide range of packet TX intervalCan support a wide range of packet TX interval
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AlgorithmAlgorithm
Algorithm 1 : Calculate Trx_wakeup & Mtotal

1:   if En+1 is not available
2: E 1 = 1

Algorithm 3 : Wakeup time estimation

1:  if no information for estimation
2: Send preamble packet now during T2: En+1 = 1

3:   endif
4:   Find min k s.t. kT·En+1 > Tn
5:   Trx_wakeup = kT·En+1 + previous Trx_wakeup
6: if D C is not available

2: Send preamble packet now during T
3:  else
4: Call Algorithm 1
5: Send preamble packet at 

T M during 2M6:   if Dn, Cn is not available
7: Mtotal  =4θ·kT·En+1
8:   else
9: Mtotal = αDn + βCn·kT·En+1
10: endif

Trx_wakeup-Mtotal during 2Mtotal
6:  endif
7:  if estimation failed
8: Initialize estimation model
9: else10: endif

Algorithm 2 : Update estimation model

1:

9:  else
10: Call Algorithm 2
11:endif

1:

2:

3:

T
RX node

3:

W 4θL

L

TX node

d

M
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SimulationSimulation

WideMAC, X-MAC, MaxCDR (X-MAC+4θL)
T l 25 d id dTopology: 25 nodes, grid or random 

5 sources, 1 sink
TX range: 65m, Interference range: 130m
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Simulation results (1)
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Simulation results (2)
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Simulation results (3)
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ConclusionConclusion

Clock drift measurement according to various TX 
intervalsintervals
WideMAC supports an ultra low duty cycled 

t k th k t th l k d ift ti tinetwork thanks to the clock drift estimation 
algorithm
It achieves a longer network lifetime by ultra low 
TX power consumption
Reliable communication
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