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Abstract

Thewidespreadmplementatiorof Bluetoothtechnologyin everydaylife promisedo open
a Pandoras Box of device managemenandtrackingissues. In an ervironment lled with
Bluetooth—enabledevices, suchasprinters,scannersgoors,thermostat@and otherernviron-
mentcontrolsystemsthereis aneedto easilydiscorer, operateandmanagelevicesremotely
However, it becomes challengeto physicallylocatethe device oneis currentlyusing.

Wearablecomputerscanalreadybe usedeffectively asa uni ed personainterfaceto this
ervironment. However, the wearablecomputemmustalsohandlesituationsin which the ob-
jectsbeingusedneedto belocated.By implementinghe MediatedReality BluetoothDevice
Locator(MRBDL) on awearablecomputerit is possibleto modify whatthe userseessuch
thatnametagsareattachedo all visible wirelessdevices. To achieve this, devicesmust rst be
locatedandthentrackedrelative to theusers eld of view.

Toillustratehow thismightbebene cial, considetthe caseof anunfamiliar of ce environ-
ment,in which anindividual would like to senda documento a nearbyprinter This usually
meanssearchinghrougha long list of printing devices, perhapsby trial anderror A user
equippedvith anMRBDL-enhancedvearablecomputersystenwill beableto walk upto the
Bluetooth-enablegrinter, andimmediatelysendit adocumento print.

The MRBDL systemvisually locatesthe devicesin the areaandlabelsthemin the users
eld of view. It enablesheuserto easilyselectaspeci ¢ device outof all theavailabledevices

thathave beendiscorered.
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1 SystemOverview

An ervironmentthatis denselypopulatedwvith Bluetoothdevicescanbecomeconfusinganddif -
cult to navigateanduse. Onecanbe presentedvith anassortmenof Bluetoothdevices. without
knowing the identity of thosedevicesin one's physicalervironment. Sometimeghe location of
thedeviceis critical to useit effectively. For example,a disabledpersonseekingto exit a building
may be presentedvith a menuof all doorsin Bluetoothrange.MRBDL canbe usedto pinpoint
theidentity of the particulardoorthatthey wish to use. Thusthe MRBDL systenprovidesa visual
relationshipbetweerthe physicalobjectandits Bluetoothidentity.

MRBDL consistof threeparts:theinitial discosery phasethevisualidenti cation phaseand
the device trackingphase.The discovery phaseis an ongoingprocesghat utilizes the Bluetooth
hardwareextensvely. Usingthe builtin servicediscovery functionality, it aimsto provide theuser
with a constantlyupdatedist of availableserviceswithin theirimmediatevicinity.

Thevisualidenti cation componenbdf this systemconsistof two partsthatcommunicatevia

Bluetoothconnections:

1. An intelligentinfraredbeacorlinkedto Bluetoothhardware;

2. A beacondenti cation systemon thewearablecomputer

This systemenableghe userto selecta speci ¢ device andenableits infrared beacon. This
beaconwhich emitsauniqueblinking patternjs visuallyidenti ed by meanof differencemages
betweersuccessie framesof videoto determinghebeacoms exactcoordinatesTheVideoOrbits
algorithmis usedto compensatéor the users headmotion.

However, relying on this active locatingtechniqueto keeptrack of the beacors locationover
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Figurel: SystemOverview

timeis notappropriate:rst, it wouldrequirethebeacorto ash aslongasthedeviceis of interest,
whichis wastefulandmayimpedetheefforts of othersto usethedevice. Secondlyit wouldrequire
constantattentionon the partof theuser

To allow the userthe e xibility of being ableto look awvay from the beacon,the tracking
systemlabelsthe beaconvia the wearablecomputers reality mediationfacilities whenever it is
in the users eld of view, andremembersts positionrelative to the user whenthe beaconis
notvisible. The users headmovementsare measuredy a gyroscope—augmentdgkadtracking
algorithmandappliedto the coordinate®f the beaconsoits positionrelative to the useris known

atall times.

In summarythe user rst selectsa device they wish to locate. Thenthe visualidenti cation



systemengageshedevice'sbeacorandidenti es it whenit rst appearsn theusers eld of view.
From this point onwards,the beaconis disengagedndthe tracking systemcontinuesto update
thebeaconrs positionrelative to theuser displayingthis informationwheneerthebeacons in the

users eld of view.

1.1 PerformanceRequirements

TheMRBDL systenmcanbeimplementedn any wearablecomputer(wearcompowerful enough
to handlethe numericalprocessingequirement®f all threecomponentsThis implementatiorof

MRBDL is basedntheEyeTapclassof wearcompsBecauséghe useris viewing his ervironment
asmediatedreality throughthe EyeTap, the processednformation mustbe presentedt a frame
rateof atleastl5 framespersecondjn orderto preventinducingdisorientatiorandnausean the

user

1.2 DesignMethodology

Theteamadopteda waterfall modelto developthe MRBDL systemanddocumentedhe various
stagesand processesequiredto implementthe system. During the requirementanalysisstage,
the systemwas functionally divided into threemajor componentsjn orderto facilitate parallel
developmenbntheproject.Initially thespeci cationsandobjectvesof eachmodulewerede ned
andateammembemasassignedo implementthesespeci cationsfor eachcomponentAfter unit
testingwassuccessfullycompletedtheindividual partswereintegratedinto the nal systemasa
groupeffort. Finally, thecompletedsystenwastestedo insurefunctionalityin all scenariosWork

continuedo furtheroptimizethe system.



1.3 Innovation

This projectextendsthe applicationsof Bluetoothby relatinga Bluetoothdevice's identity to its
physicalidentity. This information may becomecritical to the userwheneer physicalinterac-
tion betweenthe userandthe unlocateddevice is required. The MRBDL systems useof object
identi cation andtrackingalgorithmsthatarefurther extendedby gyroscopicdata,is anoriginal
approactio mappingthe Bluetoothidentity of a device with its physicallocation.In additionthese
algorithmsare supplementeavith a robust Bluetoothbasedprotocolsothatthe issuesof lateng

andconcurrentlevice discovery by multiple usersareresolhed.

2 Implementation and engineeringconsiderations

2.1 Wearablecomputing and the EyeTap Principle

The MRBDL systemis built aroundthe conceptf the “wearcomp”wearablecomputerasde ned
by Prof. Steve Mann, University of Toronto (seeFigure2 (a)). The wearcompis a small body-
worn computersystemthatis alwayson andaccessibleandthatmediategshe users experienceof
the surroundingervironment. Oftenintegratedinto clothing, this systemcanbe operatedhrough
avarietyof controldevices,from corventionalkeyboardsto specializecortablekeyers,andeven
with brainwaves[1]. Thewearcompprovidesvisual feedbackthrougha head-mountedlisplay
unit.

TheEyeTap(seeFigure2 (b)) is animportantpartof thewearcomptilizedin theMRBDL sys-
tem, asit enableghe users vision to be computationallyprocesse@ndmodi ed in real-time[2].

All light destinedfor the users eye is redirectedto a cameraanddigitized for processingon the



(a) (b)

Figure2: (a) A late 1990swearcompmodel.(b) A visible EyeTapimplementedn safetyglasses.

wearcomp.This digitized video maybemodi ed or replacedandis projectedinto the users eye
via a head-mountedisplayelement.This actof alteringperceptiorthroughthe useof a computer
is known asComputeiMediatedReality An EyeTapmustbe properlysituatedn the centerof the
eye's projectionsothatthedisplayedmagedoesnot causea parallaxmismatchwith whatis seen

by theuntappedye.

2.2 VideoOrbits

TheVideoOrbits[2] algorithmis extensiely usedin the Visualldenti cation andTrackingstages
to identify andtrack objects. VideoOrbitsis a featurelessnotion estimationalgorithmthat com-
putesbest t projective pixel coordinatetransformationdetweentwo overlappingimages(the
transformations appliedacrosghe entireimage).This groupof transformationgandescribesx-
actly therelationbetweenwo imageswhereall the objectsarestaticin the sceneandthe camera

is freeonly to rotateandzoom. Themotionof a headmountedcamerabetweersuccessie frames



of video canbe approximatedrery well by a purerotation,sincewe often scanour ervironment
usingheadrotation. Thusthe applicationof VideoOrbitsto this video canprovide extremelygood
registrationbetweervideoframes.This characteristiprovidesthebasisfor trackingphysicalhead
rotationfrom areal-timevideo sequencekFirst, the basicsof optical o w andalgebraicprojectve
geometryareintroducedthenthe essential®f the VideoOrbitsalgorithmarecovered.

Optical o w is the canonicaimethodfor determiningmagemotion. The brightnessonstang
constraintequation(BCCE)for 2-D imageg 3], which givesthe o w velocity componentsn the

and directions,is:

(1)
where isthe2-D translationalvelocity vector , Isthe2-D spatialgradientof theimage
atsomepoint ,and isthetemporalgradientrepresentinghe changen brightness

ataparticularpixel coordinatefrom oneimageto the next.

Becausehe 2-D BCCEis underconstrainedthatis, it is a singleequatiorwith two unknawn
variables),it is necessaryo imposefurther constraintsusually in the form of a modelfor the
pixel velocitiesin a region. The simplestmodel, proposedby Lucasand Kanade,assumeshat
the velocity is constantover somesmall region. This providesa velocity vectorfor eachblock.
Thistechniquds appropriatavhensuchavelocity eld is desiredput theconstanwelocity model
perform poorly for describingthe motion over a whole image. It is only capableof describing
imagetranslation.VideoOrbitsusesa rationalpixel velocity modelknown asa projectve coordi-
natetransformationPCT)[4]. This modelhaseightparametersindcandescribethe exactpixel
motion betweerntwo imagesof a staticscenewvherethe cameras freeto pan,tilt, andzoomabout

its opticalaxis. It alsodescribesxactly the pixel motionof imagesof a planarsurfacewherethe



cameréhasthe addedfreedomof translation.

(2)

VideoOrbitsestimateghe eight parameter®f this model by using the brightnessconstang

constraintwith the PCTto describinghethe pixel velocitiesas:

— 3)

This methodis known as projectve— ow' [5].

Becausef effectssuchasparallaxin the imagesdueto motion otherthanrotation,indepen-
dentlymoving objects(IMOs) in thescenecameraautomatiogaincontrol(AGC),the PCT cannot
perfectly t atall pointsof theimages.Thusthe solutionwe seekis the bestestimateof the PCT

parameterf aleastsquaresensecrossall imagepoints. Thisis solvedby minimizing:

— (4)

The spatialgradient  is calculatedtaking the differencebetweenneighbouringpixels in the
horizontalandverticaldirections. Thetemporalderivative  is calculatedby differencingcorre-
spondingpixelsin successie videoframes.

Minimizing (4) is simpli ed by weightingby giving:

(5)

where denotegsheweightederror.
To solve for the minimumwe differentiatewith respecto thefreeparameters and , and

settheresultto zeroto give alinearsolution:

(6)
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where
It can be shown that the setof projective coordinatetransformationgPCTs)form a group

giving it threemain propertiesor wherePis thesetof all PCTs
(1) Associatvity:
(2) Identity:
(3) Inverse:

Sinceonly the rst derwative of the spatialgradientis calculatedthe modeledchangean pixel
brightnessdueto translationalvelocity velocity is only rst orderaccurate(actually lessdueto
the nite differenceapproximationof the gradient). This limitation causeghe methodto be ac-
curateonly whenthe whenthe motion betweensuccessie imageis small. To solve this problem,
VideoOrbitsexploits the grouplaw of compositionto nd the optimal PCT betweentwo images

usingthefollowing iterative technique:
(1) Estimatethe projective coordinateransformatiorP
(2) Usethis P to transformthe appropriateoriginal image
(3) EstimateanothePCT (call it P2) betweerthis warpedimageandthe otheroriginalimage.
(4) composeanimprovedP by composingP2 with P
(5) goto(2) until thedesiredaccurag hasbeenachieved

Thisschemallowsthe nal iterationsto estimatehe PCT betweerntwo imageshathave very
little motionbetweerthem, Thusallowing the rst orderapproximatiorof pixel brightnesshange
to besufciently accurate.

11



2.3 MRBDL Implementation

The MRBDL systemwas split into threecomponentgiuring the functional designphase. The
threecomponentgonsistingof the Bluetoothcommunicatiorframenork, the Visualldenti cation
Subsysten(VIS) andthe device tracking subsystenwere implementedseparatelyto reducethe

developmentime required.

2.4 Bluetooth Communication Subsystem

The BluetoothCommunicatiorSubsystenis responsibldor all communicatiorbetweerthe user
andtheremotedevice, which consistf device discorery andconnectiormanagementt utilizes
the Bluez Bluetoothdrivers[6] for the Linux kernelfor communicatiorvia Bluetoothhardware.
As aresultthe remotedevice andthe wearcompcontainUSB/PCMCIA links andrun the Debian
Linux Distribution. This componenencompasseal Bluetoothrelatedsoftwareandhardwareon
the client side(wearcompandthe sener side (remotedevice) andfollows a client-sener model
for communication.

The Client Manager softwareconsistof utilities to discover Bluetoothdevices,communicate
with remotedevices and updatethe userinterfacewith a list of currently available devicesin
the vicinity. The hcitool utility provided with the Bluez Bluetooth stackwas usedto perform
continuousinquiry of the userervironmentto determinethe addressesf adjacentdevices. A
wrapperfor this utility waswritten to maintaina databasef BluetoothDevice (BD) addresses
by comparingthe resultsof the hcitool inquiry with the BD addressealreadyin the databaseA
simpleGUI wasdesignedhatreadsthis databasendpresentshe userwith alist of devicesand

providesthemthe optionto “locateandtrack’ (seeFigure3). On selectionof a device, the blink

12
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Figure3: Theuserinterface:throughthey EyeTap,the userseesoneBluetooth-enabledesklampin range whichis

beingtracked.

utility is passedhe addresof the device aswell asthe commando be sent. In this casejt is to

switchtheinfraredbeacorto blink mode. The blink utility takesthe BD addrespassedo it and
attemptgo connecto theremotedevice. After successfutonnection all communicatiorbetween
the clientandsener takesplacevia Logical Link Controland AdaptationProtocol(L2CAP) data
paclets. This utility exits afterthecommandcodehasbeensentto thesenerandcon rmation for

it hasbeenrecevedby the client. Now thatthe beacons switchedon, the GUI actvatesthe VIS

andthe beacors locationidenti ed. The VIS, which is a separatanodule,returnsandthe user
interfaceagainutilizes the blink utility to sendthe commando turn the beaconoff. Thereafter
device discovery resumesndthe GUI continuesupdatingthelist of availabledevices.TheClient
Manager is runonawearcompandwasdesignedvith separateomponent$o makeits integration
with othercomponentgasy

The ServerDaemonsoftwarerunson theremotedevice andhandlesall incomingconnections

13
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Figure 4: Bluetooth protocol overviev: 1) Wearcompl sendsthe Table1: BluetoothPaclet Codes
ON commando theremotedevice.2) Remotedevice respondsith a

CONFIRM paclet3) AnotherWearcompsendsacommand4) Remote

device respondswith a BUSY paclet 5) Wearcompl sendsthe OFF

commando theremotedevice 6) Remotedevice sendghe CONFIRM

pacletandstartslisteningfor connectiongrom ary wearcomp

andcommandslt alsocontrolstheinfraredbeacoraccordingto the commandsecevedfrom the
client. This utility bindsitself to an L2CAP soclet andlistensfor incomingconnections.Once
a connectionis establishedvith the client, the sener communicatewia a protocoldesignedo
work overthe L2CAP layer Referto Tablel for thelist of datacodesfor the variouscommands
that can be sentvia this protocol. Figure4 illustratesa scenariowherethe advantagesof this
protocolin restrictinga singleuserto aspeci ¢ device areevident. Thesener canonly receve two
typesof commandpacletsON and OFF. The ON commands a signalfor the sener to initiate
the beacondlinking processandto lock itself to that particularclient. After locking itself, the
sener sendsBUSY pacletsto ary otherclient thatrequesttonnectionsThis preventsmorethan
oneclient from attemptingto locatethe objectat the sametime. The daemorninterfaceswith the
beacorvia the parallelport andcontrolsthe beacors status(blinking/off). The softwareremains

lockedto theclientaslongasa OFF commandacletis notreceved. Whenthis happensit sends

14



a con rmation andresumesiormal operationby listeningon the L2CAP soclet. This software
would beintegratedinto existing softwareto controlthe device sothatthe senerwould be ableto
operatethe beaconand managehe device(gy: turn on waterfountain). Thusall sener software
canbeintegratedinto a microcontrollerbecauset is not computationallyintensive. However our

implementatiorutilisesa standarccomputerfor operation.

2.5 Visual Identi cation Subsystem

ThiscomponenbftheMRBDL systenrunsontheuserswearablecomputerandis actvatedwhen
the userselectsan objectto be located. Throughthe EyeTap, this processcontinuouslyanalyses
theusers eld of view, looking for ablinking patternthatis emittedby theinfraredbeacoronthe
remotedevice. Thedetectionof this patternis basedn a seriesof differenceémagesgeneratedby

VideoOrbitsalgorithm,whichoperate®n successie framescapturedrom the camera.

15



Figure5: The VideoOrbitsalgorithmin action. Clockwisefrom top left arethe rst image,the secondimage,the

secondimageafter it hasbeentransformedo matchthe rst image,and nally their differenceimage. Note the
presenceof the LED light in the secondimage but not the rst image, and the correspondingright areaof the

differenceémage.
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Transformationsomputedby VideoOrbitsdescribeexactly the relationbetweentwo images
of a planarsurfacetakenfrom arbitrarycameraocations. This allows the algorithmto calculate
the secondmages projectie coordinateransformatiorcomparedo the rst image.By applying
theseparameterso the secondimage,we accountfor any movementof the headunit after the

rst imageis capturedn termsof rotationalor translationamovement.Sincethe two imagesare
now registeredadifferencamageis takenby subtractinghemodi ed secondmagefrom the rst.

Ideallythisdifferencenvould beblack;however, dueto theblinking beaconthe rst imagedoesnot
containthelight from thebeacorbut thesecondmagedoeg(seeFigure5). Thusadifferencemage
will bedarkexceptfor abrightspotindicatingthelocationof theinfraredbeacon.This coordinate
is memorizedby the identi cation systemandis passedn the the Tracking subsystento label
whenthe objectis visible in the users eld of view. After thelocationof the beaconhasbeen
determinedtheVisualldenti cation Subsystenmoti es the ClientManageywhich deactvatesthe

remotebeacon.

2.6 Object Tracking System(OTS)

The Gyroscope VideoOrbitssystemis a closedloop systemin which the gyroscopeprovides
an estimateof cameramotion to allow VideoOrbitsto corverge to the desiredsolutionevenin
thepresencef largemovementetweervideoframes.Theprojectve coordinateransform(PCT)
producedy VideoOrbitgwhichhasgoodabsoluteegistration)is thenusedto build alinearmodel
for thegyroscopeo correctfor gyro drift andscalingproblems.A block diagramof the systemis

shavnin Figure6. Presentationf the systemwill bedoneblockwisewith respecto thisdiagram.
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Figure6: Gyro/ VideoOrbitsTracker Block Diagram

2.6.1 CaptureVideoFrame

The digital video format chosenfor this systemwas |IEEE1394,dueto the high quality possible
with thisformatasaresultof its large bandwidth.It alsoallows controlof theexposuresettingson

compatiblecamerasThisis importantsinceVideoOrbitsdepend®n thethe brightnessonstang

constraint.

2.6.2 Convert to Greyscale

VideoOrbitsoperateson monoimagesso corversionfrom a threechannelmodelwasnecessary
Sincethe VideoOrbitsis basedn the brightnessonstang constraintwe wishto captureasmuch

of theimagebrightnessnformationaspossiblein themonoimage.It happenghatthe YUV color

18




spaceyieldsnearoptimalenegy compactionimostuncorrelatedin mostcolorimagewith asingle
luminancecomponenandtwo chrominancecomponents.Corveniently IEEE1394camerascan
capturein YUV. Corversionto greyscalewasthenachiezed by selectingonly theY component.
Corversionto anothercolourspacesuchasHSV or HMMD may have beenmoreideal (sincewe
arelookingfor perceptuaimageregistration).However any gainswould have beenvery smalland

would not beworth the computation.

2.6.3 Undistort Image

Wide anglecamerasuchasthe oneusedexhibit alargeamountof radialdistortion. Sincethe PCT
assumesanideal projectve camerasuchdistortionseverelyimpairsthe performancef VideoOr
bits. To correctthis, the camerawascalibratedby usinga numberof imagesof a known pattern.
The cameraintrinsic parametersvere estimatedo rst orderandthena nonlinearoptimization
algorithmwasusedto solve for theradialdistortionparametersUndistortionwasperformedwith

the optimizedimplementationn theIntel OpenSourceComputenVision Library (OpenCV)[7].

2.6.4 Capture Gyroscope

The gyroscopeusedis a productof GyrationInc. This device givesanalograte outputsfor two
rotationalaxes.A PIC microcontrollewasusedo digitize thesignalandto computeheinterframe
integration on the outputs. The rate outputswere low—pass Itered to reducesignal noiseand
aliasingdueto sampling. Communicatiorbetweenhe PIC andthe wearcompwasdoneover an

RS232communicatiorport (seeFigure?).
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2.6.5 Gyroscaling:Y =B(X-A)

While gyro drift is inescapableif remainsrelatively constantandcanbe subtractedrom therate
outputfairly well. Thegyro outputmustalsobe scaledto matchthe unitsusedin the system.Un-
fortunatelyaswith all analogsystemscomponentaluesdrift with temperatur@ndload changes
canaffect the power systemlevels. Both of thesewill causevariationsin the requireddrift and

scalingparametersin this systemB andA arecontinuouslymodi ed to adaptto local statistics.

2.6.6 Is Rotation Small Enough?

VideoOrbitsneedsframe overlapto nd the appropriateransformation.This function prevents
VideoOrbitsfrom attemptingo registertwo imageshataretoo far apart(in aspatialsense)lf the
rotationis toolarge, relative rotationestimations performedsolely by thegyroscope.

2.6.7 Calculate Equivalent Projective Transformation for Gyro Pitch and Yaw

In orderfor thegyroscopdor provideaninitial transformatiorestimatdor videoorbits,therelatve

motionin thetwo gyro axesmustbe corvertedinto anequivalentrepresentation.

20



2.6.8 VideoOrbits Engine

Two successie framesof undistortedvideo are processedprovided thatthe motion betweerthe
framesis not too great. VideoOrbitsrunsfor a prescribechumberof iterations(dependingon the
computationapower of thewearcomp)andreturnsits bestestimateof the PCT parametersOrbits
alsoreturnsa MeanSquarederror (MSE) valuefor the returnedPCT. The MSE is calculatedoy
addingthe squaredlifferencebetweerthe original imageandits warpedtemporalneighbor This
MSE valuecangive anindicationof theregistrationaccurag. Thisis veryimportantsincewe have
acombinedestimatiormethodandthereis noguarante¢hatVideoOrbitswill corvergetowardsan
actualsolution(testingshavsthatorbitseithercorvergesnicely or divergeswildly). Unfortunately
theMSE measurés very sensitveto thenatureof theimagesused(andthussensitveto theEyeTap
userslocal ervironment).To copewith this, local statisticsarekepton the MSE levelsto provide

intelligentadaptatiorchangingernvironments.

2.6.9 Estimatebestt 3-axisrotation fromthe PCT

In orderto closetheloop andallow VideoOrbitsto correctthe gyroscopescalinganddrift param-
eters,an equivalent3-axisrotationmustbe obtainedfrom the PCT. It is known thatthe PCT has
eight free parametergndis thusnot limited to purerotation, soit is necessaryo nd the best
t 3-d rotationmatrix and have someindication of the errorto determinewhenwe have a valid
rotationto be usedin the statisticalmodelfor the gyroscope.To nd the requiredrotations,the
PCTis rst approximatedy a purerotationmatrix (up to a multiplicative factor). Thisis doneas

follows: if Pisthe PCTandthe SingularValueDecompositiorP is:

(7)
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WhereS is a diagonalmatrix of singularvalues. The best t rotation matrix in termsof the

Frobeniousiormbetweent andP is givenby:

(8)

Thisrotationmatrixis thenusedto computethe corresponding:ulerangles.Computatiorof these

angleswill notbe presentedhere.

2.6.10 Estimatelinear model Y = B(X-A) for gyroscope

In orderto estimatethe gyro drift andscalingparametersgjatapointsarecollectedbasedon their
associatedMSE with respecto the local statisticsandthe errorin the rotation matrix estimated

from the PCT. Two differentmodelestimatesarecomputechere:

1. A constanimodelthatis usedonly for drift correction. This modeldoesnot dependon the
PCT parametersandis intendedo correctfor awildly drifting gyroscopeThegoodnes®f

t for thismodelis describedy the varianceof thegyrorate.

2. A linearmodelthatdescribedoththedrift andscalingparametenof the gyroscopeFor this
model,the error statisticsare computedasthe standarcerrorin the slopeandthe intercept,

aswell asthecorrelationcoefcient.

The obtainederror statisticsarethenusedto decidewhetheror not to correctthe gyro model.
In this decisionthetolerancedecomecontinuouslymorestringentto corvergetowarda desirable
solution. However, thereis a conditionthat checksfor a goodlinear t aswell assigni cantly
differentparameterso allow thesystento accommodata signi cant changen parametersyhich
may occurin eventssuchasrunninginto awall or operatinga power tool off the computempower
supply

22



2.6.11 ComposeRelative PCT with Absolute PCT

To track absolutemotion, this process,chooseshe bestestimateof PCT betweensuccessie

frames basedon MSE returnedby VideoOrbitsandthelocale MSE statistics.

Gyro Error Correction
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Figure 8: The above dataweretakenin a scenariowhere power supply voltageto the gyro had beenchangedo

simulatepower level uctuationsin a battery—dwensystem We canseeby thereductionof theabsolueerrorthatthe

systemhasconvergedto a moredesirablestate.
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2.7 Tracking Performance

Operatingon adesktopclasscomputeythe OTS wasableto 3-d rotationwith reasonablaccurag
in real-time.As we canseein Figure9, accurag to within afew pixelsis achiezedwith signi cant
headmovement,so long asthe motion is nearpure rotation. We can also seefrom the image
sequenceéhat the trackingalgorithmis robustin the presenceof independentlynoving objects.
VideoOrbits,when operatingalone,is subjectto very large errorswhenan IMO is introduced.
With the gyro in the system IMO-tainted PCT parametersirerejecteddueto the relatively high
MSE values.The systemalsoperformedvery well whenexposedo large, rapidrotations.Thisis

importantbecausg@eopleregularly move their headsapidly whenscanningheir environments.

Figure9: MRBDL in action:the rst sequencef four imagesshows VIS locatingthe beacorattachedo the monitor.
Notice that the beacontoggleson and off in subsequenimages. The next threeimagesshow the OTS correctly
positioningthe crosshairon the disengagedeacors locationin spite of signi cant headmovement.The nal ve

imagesdllustratethegyro-assiste@TS's ability to trackdevicesevenin thepresencef independentlynoving objects.
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2.7.1 Performanceof ClosedLoop Gyro Correction

The systempresentedhasshaowvn the ability to correctfor the gyro scalinganddrift parameters
throughnormalwear Thelengthof timefor thecalibrationto occurdepend®ntheusers motions,
sinceVideoOrbitsneeddo achieve goodregistrationbetweerframesto contributemeaningfuldata
to thegyromodel.

Figure8 demonstratethe succes®f the closed-looporrectionof gyro drift andscaling.

2.8 Future Development

During the designand implementationphasesof this project, several limitations were realised.
While someof themhave alreadybeenresoled, othersarestill beingworkedon.

Theinitial designof the Bluetoothsubsystendlid not considerthe caseof severaluserssearch-
ing for severaldevicesin the samespace As aresult,the protocolwaslimited to permitonly one
userto locatea speci ¢ device atatime. In addition,the VIS hasthe similar limitation of allowing
only oneuserto locatean objectat a time becausehe blinking patternfor the infraredbeacons
thesamefor ary two adjacentevices. Thusthe VIS would not know which of thetwo devicesthe
userwishesto locate.Lastly, the VideoOrbitsalgorithmwhich formsthe basisof the VIS andthe
OTSis limited to headmotionsuchaspanningandrotation. It cannothandlefastmotionbecause
of therequirementor overlapbetweersuccessie images.

To resole thesdimitations, several solutionsare proposedFirstly, the VideoOrbitsalgorithm
wasaugmenteavith feedbackrom a gyroscopdo remove thelimitation of fastheadmotion.

To trackmultiple objects,a uniqueblinking patternsystemwasproposedvherebyeachdevice

is assignedh uniquepatternwhenit is manufcturedjustasNetwork InterfaceCardsareassigned
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uniqueMAC addressesThe protocolwould be modi ed to allow the device to communicatets
blinking patternto the client. Furthermoredueto the uniquenessf the blinking patternmultiple
clientscanlocatea single device concurrently This is madepossibleby makingthe device the

masterin a piconetwith theclientsactingasslaves.

2.9 Additional Costs

Equipment Cost
GyrationMicroGyro 100 Miniature Gyroscope $100
OrangeMicro iBOT IEEE1394Web Cam $125
PIC16F87Microcontroller $10
MiscellaneougElectronicParts $15
Total $250
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3 Summary

The MediatedReality BluetoothDevice Locatorwasdesignedo help userscopewith the over
whelmingnumberof Bluetooth-enabledevicesthatwill nd theirwayinto theervironment.The
systemachiaresthis goal by providing a visual relation betweena device andits identity in the
Bluetoothrealm. Throughthe innovative applicationand augmentatiorof the VideoOrbitsalgo-
rithm, MRDBL achieresthis goal effectively. Not only canit locatearny device of interestto the
user but it alsomaintainsa memoryof thedevice's locationrelative to theuser

While several scenariohave beenpresentedanotherpossiblecommercialapplicationis the
locationof inventoryin a warehouse A worker who needsto locatea speci ¢ item canusethe
Bluetooth devices discorery mechanismto selectthe sectionof the aisle containingthe item.
MRBDL will visuallyidentify, track,andlabeltheaisleandthenthe section.Thusanew worker's
ef ciency will beincreasedbecauséeis notlimited by hisignoranceof whereitemsarestacled.

As the popularity of wearablecomputingrises,wearcompsare becomingmore compactand
moreaffordable.Work is currentlyundervay to createa hardwareimplementatiorof VideoOrbits,
which would provide aninexpensve andresource-e€ient meansof implementingVIS andOTS
atthefull 30 framespersecondequiredfor maximumusercomfort.

However, the systemis practicaltoday becauseurrentgeneratiorwearcompsresufciently
powerful to runthecurrentall-softwareMRBDL implementatonAlso, theremotebeacorcontrol
systemcanbe implementedentirely in a microcontroller which is feasiblefor massproduction

andinclusionin awide variety of devices.
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