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• Firefighters and rescuers can use a 
heads-up display to track their location 
and monitor safe exit routs.

• Medics can track the location 
of patients instrumented with 
vital sign sensors.
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Decentralized Location Estimation Protocol
• The location estimation runs on the programmable beacon nodes using their 

local reference signature database slice, rather than a back-end server

Distribution of Reference Signatures to Beacon Nodes
• Because of limited storage capacity, each beacon node stores a small slice of 

the entire reference signature database.
• Reference signatures are assigned to beacon nodes such that each beacon 

stores the "most relevant" set while ensuring that each reference signature is 
replicated across several beacon nodes in case of failures.

Adaptive Signature Distance Metric
• The signature distance metric adapts to beacon node failures
• Beacon nodes periodically estimate the local failure ratio, which determines 

what distance metric to use:
• bidirectional – more accurate, but introduces errors when there are failures
• unidirectional – considers only operational nodes heard by the mobile node and 

therefore it has a smaller comparison space

Applications

Localization is essential to a wide range of applications.  For some, the location 
tracking system must continue to operate despite the partial failure of the 
infrastructure. Our system, called MoteTrack, is based on low-power radios  
coupled with a modest amount of computation and storage.  MoteTrack does 
not rely upon any back-end server or network infrastructure: the location of 
each mobile node is computed using a received radio signal strength signature 
from numerous beacon nodes to a database of signatures that is replicated 
across the beacon nodes themselves.  This design allows the system to 
function despite a significant failure of the beacon nodes.

Research Challenges
• Accurate RF-based localization with low-power radios
• Low device capability and memory size (Motes platform)

• e.g., Mica2: 4KB RAM, 8-bit CPU, no floating point unit; Can’t do real signal processing

• Robustness to failed nodes
• RF characteristics of building may change

Phase I - offline setup (performed once)
• Placement of beacon nodes, which broadcast beacon messages
• Reference signature database construction

• acquired by collecting beacon message {srcID, power} samples at known locations
• reference signature - a known location (x, y, z) with the set of beacon messages received 

over some time interval along with the RSSI for each transmission power

Phase II - location estimation
• Mobile node acquires its location's signature by listening for beacon messages
• k closest (in signal space) reference signatures to the signature are selected
• The signature's location is estimated to be the centroid of the selected 

reference signatures

signature
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<B3, RSSIp1, RSSIp2, …>
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reference signature

signature
<B1, RSSIp1, RSSIp2, …>
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mobile node
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B3B3

B1B1 B2B2

• 80% of the location estimates are within 3 meters of 
their true location

• The data is for 74 location estimates

• Deployed in Maxwell Dworkin 2nd floor using 20 beacon nodes (1,742 m2) 
• Training data (reference signature database) – blue dots represent beacon 

nodes;  red squares represent reference signature locations

• Using more TX powers reduces error and standard 
deviation considerably

• TX powers range from -20 to 10 dBm

• The unidirectional metric is more robust to significant 
beacon node failures, but yields poorer accuracy for 
few failures (less than 16%)

• ideal case: bidirectional metric using only non-failed 
nodes (requires perfect knowledge)

Why the Motes Platform
• Different technology curve than PDAs or laptops

• inexpensive, small, low-power, programmable
• can be readily incorporated into equipment and uniform
• will eventually shrink to very small sizes • Spec Mote (5 mm2)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.04167
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.04167
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.04167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


