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OutlineOutline
• Short-range in-body tracking

 WSN tracking WSN tracking
 Wireless distance measurement

• CTBV domain• CTBV domain

• Impulse Radar
CTBV i l d CTBV impulse radar

• Active-echo Radar
A ti E h i i Active Echo ranging engine

 Chip prototype

C l i d f th k• Conclusion and further work
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ShortShort--range inrange in--body trackingbody tracking

•• Melody ProjectMelody Project WP4:WP4:

ShortShort range inrange in body trackingbody tracking

•• Melody Project, Melody Project, WP4:WP4:
Improved sensitivity receiver and WSN ranging engine Improved sensitivity receiver and WSN ranging engine 
for infor in--body probe trackingbody probe tracking

•• Wireless Sensor Networks Wireless Sensor Networks –– WSNWSN
 Body Area Networks (BAN)Body Area Networks (BAN)
Wireless networkWireless network

 Around bodyAround body
 Inside bodyInside bodyInside bodyInside body

 MoteMote
 Small computerSmall computer

BatteryBattery operatedoperatedBatteryBattery--operatedoperated
MiniaturizedMiniaturized
SensorSensor
WirelessWireless
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Example: Video endoscopyExample: Video endoscopyExample: Video endoscopyExample: Video endoscopy
•• Looking inside your bodyLooking inside your body

 Eat video cameraEat video camera
 Moving naturally through yourMoving naturally through your

digestion systemdigestion systemg yg y
 Taking picturesTaking pictures

 Transmitted wirelesslyTransmitted wirelessly
R i t kiR i t ki Require trackingRequire tracking
 Special shirtSpecial shirt

 14 antennas14 antennas
 At best 0.1At best 0.1--0.2 m resolution0.2 m resolution

with current technologywith current technology
 Not good enoughNot good enoughNot good enoughNot good enough

Pictures from OMOM technology, China
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WSN TrackingWSN TrackingWSN TrackingWSN Tracking
•• Localization in sensor networksLocalization in sensor networks

M i di tM i di t Measuring distanceMeasuring distance
 Combining distances between Combining distances between neighboursneighbours

 2D localization → distances >3 2D localization → distances >3 neighboursneighbours
 3D localization → distances >4 neighbors3D localization → distances >4 neighbors 3D localization → distances >4 neighbors3D localization → distances >4 neighbors

 Precision increasing with number of Precision increasing with number of neighboursneighbours
 Localization in WSN (relative)Localization in WSN (relative)

→ measuring distances between→ measuring distances between neighboursneighbours→ measuring distances between → measuring distances between neighboursneighbours
 For absolute localization, reference required for one nodeFor absolute localization, reference required for one node

•• MELODY requirementsMELODY requirementsMELODY requirementsMELODY requirements
 Measuring distance with motes inside and outside bodyMeasuring distance with motes inside and outside body

 Outside body: multiOutside body: multi--path componentspath components
 Inside body: high absorption of electromagnetic wavesInside body: high absorption of electromagnetic waves Inside body: high absorption of electromagnetic wavesInside body: high absorption of electromagnetic waves
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Wireless distance measurementsWireless distance measurementsWireless distance measurementsWireless distance measurements
•• ReceivedReceived--SignalSignal--StrengthStrength--Indicator (RSSI)Indicator (RSSI)

 TI (ChipCon) CC2431 ZigBee transceiverTI (ChipCon) CC2431 ZigBee transceiver
 22--3 m accuracy3 m accuracy
 Not good enough for inNot good enough for in--body trackingbody trackingNot good enough for inNot good enough for in--body trackingbody tracking

•• TimeTime--ofof--flight (TOF)flight (TOF)
 Measure propagation time of Measure propagation time of 

RF signalRF signal
 But propagation speed →But propagation speed →

near speed of lightnear speed of lightnear speed of lightnear speed of light
 Hard to measure accuratelyHard to measure accurately
 Especially at short rangeEspecially at short range

 Reports indicates TOFReports indicates TOF localization at millimeter precisionlocalization at millimeter precision Reports indicates TOFReports indicates TOF--localization at millimeter precisionlocalization at millimeter precision
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CTBV domainCTBV domain
•• Time domain processingTime domain processing

R ll f tR ll f t Really fastReally fast
 90nm 90nm → 12ps inverter delay→ 12ps inverter delay

 Low power supplyLow power supply
 1V 1V → binary values→ binary values

•• Continuous Time Continuous Time –– Binary ValueBinary Value
Time

Digital
CTBV

Neuromorphic/spike

l

Discrete Continuous

Analog sampled−data

Binary

V
a
l
u

 No high speed clockNo high speed clock
P ffi i tP ffi i t

Analog
(switched−cap)

Analog sampled data
Continuous

u
e

 Power efficientPower efficient
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Impulse radarImpulse radarImpulse radarImpulse radar
•• Short Electromagnetic pulsesShort Electromagnetic pulses

 PicoPico--second rangesecond range
 Reflected from body (backscattering)Reflected from body (backscattering)

 Also from inner organsAlso from inner organsgg
 Passive reflection or echoPassive reflection or echo

 Very weak signalsVery weak signals
 Output emission limitedOutput emission limited Output emission limitedOutput emission limited
 Sensitive receiverSensitive receiver

 TimeTime--ofof--FlightFlight
Di t t fl tDi t t fl t Distance to reflectorDistance to reflector

 Accurate depth resolutionAccurate depth resolution
 Precise temporal resolutionPrecise temporal resolution
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CTBV Impulse RadarCTBV Impulse Radar
•• ExploringExploring

 Swept Threshold SamplingSwept Threshold Sampling
 Fast sampler using CTBV Fast sampler using CTBV delaylinedelayline

 invertersinverters

Dithered pulsgen

Range Delay
 Lossless integratorsLossless integrators

 counterscounters
Counter

DQ



Range Delay

Counter

Counter

D

D

Q

Q



Counter
DQ



High-speed sampler
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Active Echo rangingActive Echo rangingActive Echo rangingActive Echo ranging
•• Passive Echo → Active EchoPassive Echo → Active Echo

 Master Master –– Slave configurationSlave configuration
 Master transmit trigger symbolMaster transmit trigger symbol
 Slave actively transmit return symbolSlave actively transmit return symbol Slave actively transmit return symbolSlave actively transmit return symbol

 After defined delay, After defined delay, 
 TOF found by subtracting TOF found by subtracting 
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Active Echo Ranging EngineActive Echo Ranging Engine
•• FrontFront--endend
 ConvertConvert incomingincoming RF RF 
pulses to CTBV signalpulses to CTBV signal

•• Symbol Symbol DetectorDetector
•• Master/slave Master/slave configurationconfiguration

•• SamplerSampler
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Chip Prototype 1Chip Prototype 1
•• Chip submitted November 2009Chip submitted November 2009
•• TSMC 90nm LP CMOS processTSMC 90nm LP CMOS process
•• IncludeInclude

 FrontFront--endendFrontFront endend
 LNALNA
 QuantizerQuantizer
T.A.Vu, S. Sudalaiyandi, M.Z. Dooghabadi, H.AT.A.Vu, S. Sudalaiyandi, M.Z. Dooghabadi, H.A. . Hjortland, Ø. Næss, Hjortland, Ø. Næss, 
T.S. Lande and ST.S. Lande and S--E Hamran E Hamran “Continuous“Continuous--Time CMOS Quantizer for Time CMOS Quantizer for 
UltraUltra--Wideband  Applications”Wideband  Applications”, , The IEEE Int. Symp. On Circuits and Systems The IEEE Int. Symp. On Circuits and Systems 
(ISCAS 2010)(ISCAS 2010), May 30th , May 30th –– June 2nd 2010, Paris, FranceJune 2nd 2010, Paris, France

 Symbol DetectorSymbol Detector
S. Sudalaiyandi, M.Z. Dooghabadi, T.A. Vu, H.A. Hjortland, Ø. Næss, T.S. S. Sudalaiyandi, M.Z. Dooghabadi, T.A. Vu, H.A. Hjortland, Ø. Næss, T.S. 
Lande and SLande and S--E Hamran “E Hamran “PowerPower--Effiecient CTBV Symbol Detector for Effiecient CTBV Symbol Detector for 
UWB Applications” UWB Applications” Accepted for the 2010 IEEE Int. Conf. on UltraAccepted for the 2010 IEEE Int. Conf. on Ultra--Wideband  Wideband  
(ICUWB 2010), (ICUWB 2010), Sep. 20Sep. 20--23 201023 2010

•• Measurements starts June 2010Measurements starts June 2010
•• Next version scheduled for Oct./Nov. 2010Next version scheduled for Oct./Nov. 2010
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Final blocksFinal blocks
•• Chip includingChip including

 SamplerSampler SamplerSampler
 TransmitterTransmitter
 FrontFront--endend

Sampler/counters

SPI

Tx

Tx
circuits

•• Submitted April 2010Submitted April 2010
 Expected received June/July 2010Expected received June/July 2010
 Measurement from July 2010Measurement from July 2010

p

Quantizer LNA

Sampler/transmitter also designed by Sampler/transmitter also designed by p g yp g y
persons outside Melody Projectpersons outside Melody Project
 M.Z. Dooghabadi, A.T. Vu, S. Sudalaiyandi, H.A. Hjortland, T.S. Lande, Ø. Næss, SM.Z. Dooghabadi, A.T. Vu, S. Sudalaiyandi, H.A. Hjortland, T.S. Lande, Ø. Næss, S--E. Hamran  E. Hamran  -- ““Electromagnetic 

Impulse Radio Camera” Proc. 27th Norchip Conf., Tr.heim, Nov.16.-17 2009. IEEE conf. proc. 2009 ISBN 978-1-4244-4311-6
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ConclusionConclusion andand furtherfurther workworkConclusionConclusion and and furtherfurther workwork
•• A UWB A UWB ActiveActive EchoEcho RangineRangine EngineEngine schemescheme has has beenbeen

presentedpresented
•• RF to CTBV RF to CTBV convertionconvertion ((QuantizerQuantizer))
•• CoherentCoherent SymbolSymbol detectordetector•• CoherentCoherent Symbol Symbol detectordetector
•• All parts have All parts have beenbeen processedprocessed and and willwill be be verifiedverified withinwithin 20102010

•• FurtherFurther workworkFurtherFurther workwork
 RedesignRedesign and and respinrespin ofof prototype is prototype is scheduledscheduled for for 

submissionsubmission Oct./NovOct./Nov. 2010 . 2010 
 IncludingIncluding transmitter and samplertransmitter and sampler
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