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Abstract. This is a survey onwearablecomputersconsistsof a comprehensive introduction
andanoverview of researchactivities in I/O interface,searching,communication,andpower.

1 Introduction

Wearable computers in a loosesensearecomputerspeoplecanweareffortlessly.
In a strictersense[11], wearablecomputersshouldrun continuouslyandbe oper-
atedhands-free. This stricterdefinitionhelpsdistinguishwearablecomputersfrom
portableones.For instance,pocket watchesarenot wearablecomputersin a sense
thatpeopleneedat leastonehandto holdthemandsometimesanotherhandto open
thecovers.Wristwatches,in contrast,canbeeasilyflippedoverandreadwhenboth
handsareengagingotheractivities.

Many smalllaptops(Figure1, left [5]), arenotwearablecomputerseither. They
do not lastlong enoughto meetthecontinuousrun requirement.Wearablecomput-
ers like MIT’ s Lizzy [21] (Figure1, middle left) canrun muchlongerbecauseof
carefullyselectedpower-conservativecomponentsandefficientbatteries.

Thewearablesandsmalllaptopsdiffer in I/O featuresaswell. To operatehands-
free, wearablesareusuallyequippedwith head-mountor eyeglass-baseddisplays
(Figure2, left) andone-handkeyboards(Figure2, middleleft) or microphonewith
speechprocessingsoftware.Two pictureson theright of Figure1 show a prototype
of IBM ThinkPad560Xshrunkto 10.5oz (300gram)andto asizesmallenoughto
fit into regularpockets.This prototype,introducedin September1998,consistsof
a 233MHz PentiumCPU,64 MB DRAM, 340MB IBM micro harddisk,a micro
head-mountdisplay, anda microphonewith speechprocessingsoftware.

RelationshipWith UbiquitousComputing. Ubiquitouscomputers,in the purest
form of definition [17], arecomputersinvisibly embeddedin theenvironmentand
wirelesslycommunicatingwith eachother. Somemayuseothertermssuchasem-
beddedsystem[9], smartroom[10], andsensornetwork[4]. But in principle,it does
not matterif the computersarefixedor migratable,situatedin a room or outdoor.
They all fall into thebroaderdefinitionof ubiquitouscomputing,i.e.,computers in
theenvironment. By nature,ubiquitouscomputershaveeasyaccessto theresources
in theenvironment,i.e.,environment-centricresources.Wearablecomputers,in con-
trast,arecomputersmovedwith peopleall thetime,i.e.,computersonpeople. These
computershaveeasyaccessto personalinformation,i.e.,human-centricresources.
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Thewearableandubiquitouscomputers,eachclasshasits strengthandweak-
ness.It is often thatone’s weaknessis theother’s strength.Thatmeansubiquitous
andwearablecomputerscancomplimenteachother, andapplicationsadoptinga
combinationof wearableandubiquitouscomputerscantake advantageof theboth.
Thisavoidsthepitfall of puttingmucheffort makingoneclasswork for all whenin
facta muchsmalleramountof work is sufficient if cooperatingthetwo. In general,
applicationsinvolving interactionwith the environmentarebetteroff introducing
ubiquitouscomputersinto thesystems.Similarly, wheninteractionwith peopleare
involved,applicationsarebetteroff usingwearablecomputers.

Fig. 1. (Left): Two PopularMini-notebooks,ToshibaLibretto 50 (Top) andSony PCG-C1
(Bottom).(Middle Left): A UserWearingMIT’ s Lizzy Design.(Middle Right): A UserEf-
fortlesslyWearingtheIBM Prototype.(Right):Piecesof theIBM Prototype.

Fig. 2. Typical I/O Devices: (Left) is a micro-displayto be clippedonto a eyeglassframe.
(Middle Left) showsatwiddlerkeyboardwith integratedmousefunctionality. (Middle Right)
showsaPrivateEyemicro-displaymountedonaglass.(Right)showsstateof theartintegrated
eyeglassdisplay.

2 History and motivation

Wearablecomputershave quite a long history [15] – 732 yearsto be exact. Eye-
glassesconsideredaswearablecomputerswerefirst mentionedin literatureasearly
as1268.Recentproposalsshow a commontrendon improving humanabilitiesbe-
yondourbiologicallimits – socalledcyborgapplications.Anotherhistoricaltrendis
computersbeingsmallerandincreasinglyaccessible.If thesetrendscontinue,next
generationcomputersarelikely to bewornaroundourwaistsandreadyto compute
anytime.
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The first wearablecomputer[23] was revealedin 1966.It is a roulettewheel
predictor. The ideastartedfrom 1955whenEd Thorpwasa secondyeargraduate
studentat UCLA’s physicsdepartment.In 1960,almostby accident,he described
the ideaof roulettewheelpredictorto ClaudeShannon,a mathematicianat MIT.
Soonthe next year, the two built a wearablecomputerfrom scratchin Shannon’s
basement.It wasacigarette-packsizedanalogcomputerwith four buttons.Thefour
buttonswereusedto indicatespeedandthe predictedresultsweretransmittedby
radioto anearpiece.ThorpandShannonfield-testedtheirwearablecomputerin Las
Vegasandconfirmedtheexpectedgainof 44%obtainedby laboratoryexperiments.
Until theendof 1980s,mostapplicationstendto stick to this gamblingandgaming
theme.However, thereis graduallya noticeableamountof medicalapplicationsfor
thehearingandvisually impaired.ThentherecametheblockbusterTerminatorand
thefirst commercializedhead-mountdisplay– PrivateEye(Figure2, middleright).
Theamountof proposalsstartedto bloomin 90s.In themeantime,thethememadea
sharpturn towardsapplicationsof daily andeffortlessuse,in particular, augmented
memory[16], location/context awareness[7], andvery smallcomputerscapableof
runningtheseapplications[12]. Theseproposalswere,moreor less,drivenby the
humandesireto know – fast,more,anywhereandanytime.As Sir Baconhadnicely
put it – knowledgeis power.

Anothertrendwe seefrom the generalhistory of technologyis the increasing
accessibility. Take time computationfor example.It hasevolved from clock tow-
ers,wall clocks,pocketwatches,to wristwatches.Thesetimepiecesgetsmallerand
moreaccessible.With the wristwatchesnow, peoplecanreadtime anywhereand
anytime. Datacomputershasbeenfollowing the sametrend,evolving from main-
frames,mini computers,desktopPCs,to laptops(someof themarereally small).
Thenext generationdatacomputersarelikely to beevenmoreaccessibleandwear-
able,muchlike thewristwatches.If wethink todaythatwristwatchesareindispens-
able,perhapsone day we will think the samefor wearablecomputers.Or many
have alreadythoughtso if cellular phonesqualify aswearablecomputers.Strictly
speaking,we do not needwearablecomputersto survive, but like many technolo-
giestodaythey provideconvenienceandconvenienceis somethingdifficult to resist.
Fromthehistory’spoint of view, we concludethathumandesireof knowledgeand
convenienceis thehiddenforcebehindthecurrentwearablecomputerresearch.

3 State of research

Thereareprimarily five areasof research– I/O, searching,communication,power,
andheat.Someof themdealwith higher-level softwareissueswhereasthe others
dealwith lower-level hardwareones.We discussthesetopicsin a top-down fashion
excluding heat,which is ratherdistant from the computerscienceand electrical
engineeringregimes.Exampleapplicationsaregiven during the discussionof I/O
interfaceandsearchingtechniquesprimarily becausetechnologiesusedareclosely
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relatedto the natureof applicationsand showcasingapplicationshelpshighlight
relevantI/O technologies.

3.1 I/O Interface

We have traditionally relied on text input devicessuchaskeyboard,pointing de-
vice suchasmouse,andoutputdevicesthatsit about.5-1 meteraway from users’
eyeson desktopor laptop.Becauseof the hands-freeandcontinuoususerequire-
ments,theseI/O devicesdo not suit the useof wearablecomputers.In particular,
traditionalkeyboardsareto beoperatedwith bothhands.Thescaleof conventional
desktopmonitorsor laptopLCD panelsis too large to carry for a long time and
too powerconsuming.To solve theseproblems,peoplehave soughtalternativesfor
conventionalI/O devicesandexploretechniquesin computervision, graphics,and
speechprocessingto enableI/O in visualandaudioformats.

Input. Solutionsfor input include one-handkeyboardwith integratedmouse
functionality,handwriting, videosensor, andspeechprocessors.Theintegratedkey-
boardis expectedto beusedasthemaininputmethodandtherestasalternatives.

Oneimmediatesolutionto replacetheconventionalkeyboardsandmouseis to
re-arrangekeys and to integratethe mousefunctionality for one-handoperation.
Thereexist anumberof commercialproductsandlabprototypes.Twiddler [1] (Fig-
ure 2, right) is oneof the mostpopularkinds. It consistsof 6 function keys and
12 letter keys. The function keys are operatedby the thumb. The letter keys are
in 4 rows, 3 in eachrow andoperatedby oneof the other4 fingersrespectively.
Twiddler comeswith driversfor WindowsandLinux, aswell astrainingprograms.
Someusershavereportedgettingup to thespeedof 10+wordsperminutewithin a
week[14]. Shortcutscanbepre-setto speedup frequentactions.OperatingaTwid-
dler is prettymuchlikeplayingchoruseson a guitar.

Hand-writingrecognitionis usedin many palm-topdevices.Someof them,e.g.,
Apple’sNewton, recognizecharactersasthey arewrittennaturally, whereasothers,
e.g.,3Com’s Palm Pilot, recognizecharactersin morecryptic patterns.While hand
writing mayappearasan intuitive input method,it doesnot work well for fastand
bulk datainput [19]. First of all, the recognitionsoftwarecanaccommodatehand
writing in variousformsonly to certaindegree.For peoplewho never really learn
how to form thelettersproperly, this input methodwill not beanoption.Secondly,
to write fast,peopletendto scribble.The formationsof lettersgetevenworseand
becomevery difficult, if possible,to recognize.Due to thesetwo reasons,hand
writing serveswell asanalternativebut will not betheprimaryinput method.

Visualinput is importantto applicationsof moregraphicalnature.Physicalpro-
files of anobjectsuchassize,shape,location,andmovementaremoredirect and
precisewhenobtainedthroughcamera-likeinputdevicesandanalyzedby computer
vision technologies.TaketheBilliards Assistant[11] (Figure3, left) for example.A
head-mountcameratakesa snapshotof thepool table.Thecomputervision partof
thesoftwareidentifiesthewhite ball, thetargetball andthepocket.Thesedataare
thenfed into theanglecalculationpartfor furtherprocessing.
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Audio input is inevitablein situationsthatusers’eyesandhandsmustengagein
critical activities,e.g.,driving a car. In thesecircumstances,audiois a nice,natural
alternative to provoke simplecommands.Microphonesaretypical audioinput de-
vices.They areoften usedtogetherwith speechprocessingtechnologies[18]. For
instances,speech recognition translatesanalogousaudioclips into digital formsthat
computerscanunderstandor further process.Speaker identificationhelpsidentify
personsor objectsby their voicefingerprints.Noisefiltering enhancestheprecision
of speechrecognitionandhasthepotentialof discoveringcontext in thebackground.

Output.Solutionsto output include head-mountdisplayswith augmentedre-
ality and headphonefor synthesizedaudio.The head-mountdisplaysreplacethe
relatively bulky monitorsor LCD panelsasprimary outputdevicesfor wearables.
Headphonesare,in contrast,acomplimentaryalternative.

In the wearableparadigm,hardwarecomponentstendto be small,so doesthe
display. The next logical solution is to placemicro-displaysin the proximity of
users’eyes.Thereexistsa small numberof commercializedproductsandmostof
the sophisticatedones,with full VGA capability, are still in development.More
commonlyusedmicro-displaysare composedof 320x240small pixels within a
roughly12 cmx 8 cmarea(Figure2, middleright). More advancedonesusemuch
smallerand four times more,640x480,pixels that fit into a 1.2 cm x .8 cm area
(Figure2, left). Thesemicro-displayscanbemountedontoa hat,a glass,a helmet,
or a custom-madeheadpiece.

Current stateof the art (Figure 2, right) is rather a projector than a micro-
monitor. The beameris integratedinto one leg of an eyeglassframe. Computer
screenis projectedonto a small areaof the lens.By that, userscan seethrough
the display and overlay virtual information with the reality [22]. In the Billiards
Assistantexample,the exact angleto hit the white ball is overlayedwith the real
white ball andpool table.This is assumingthe userscanhold their headssteady
andthedirectionsof eyeglassesandeye surfacescoincidecompletely. In practice,
thesetwo factorsneedto betakeninto considerationandusedto adjustcomputation
accordingly. For applicationsthat requireperceptionof depth,advancedcomputer
graphicstechniques,suchas2D-3Dconversions,arenecessary.

Audio output is preferablein situationsthat humaneyesmustbe dedicatedto
morecritical activities,similar to thereasonsfor audioinput.Speech synthesistech-
nologieswill comein handyassolutionsto generatecomprehensibleaudiooutput.

3.2 Searching

Thereis a new classof applicationsuniqueto wearablecomputers.They work like
personalassistants,handingdocumentsuponrequestandproactively remindingus
of relevantinformation[16]. Searchingtechniquesarecritical to this classof appli-
cations.Challengesmainly comefrom dealingwith non-text documentsandgive
really relevantreminders.Theformerproblemis equivalentof indexing text, audio,
andvideoarchivesfor easyandfastsearch– field searching.The latterproblemis
to imitateassociationof currentcontext with memories– contentmatching.
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Fig. 3. (Left) plot showssnapshotsof theBilliard Assistantbeforeandafteranglecalculation.
(Middle Left) plot is a snapshotof theRemembranceAgent working with Emacs.(Middle
Right) depictstheprototypeasshoeinsert.(Right) depictstheBody AreaNetwork working
throughhandshakes.

Existing Web searchingengineswork reasonablywell with text-baseddocu-
ments.Thesesearchingenginesareinadequatein thecontext of wearablecomput-
ing wheredocumentsarecommonlyfound in more’cryptic’ (or binary) formats–
pdf texts, jpg images,andmpgvideostreams.Indexing andsearchingthesedocu-
mentsposesa non-trivial challengeandis a emerging areaof research.Most solu-
tions adopta 2-tier model.Non-text-baseddocumentsarefirst convertedinto text
formatsor smalleraudio/videoentities.Indexing andsearchingaredonebasedon
theseconvertedtextsor smallerentities.

Anotherdesirablemodeof searchingis to matchcontentandgive relevantsug-
gestionsto users,muchlikerecallingrelevantexperiencein thememories..Indexing
andsearchingtechniquesin this context differ from thoseusedin field searching.
Whereasthefield searchinglocatesfiles with exactvaluesin fieldsspecifiedin the
queries,the contentmatchingmodetries to find similar files by matchinga sig-
nificantly wider rangeof contents.The contentmatchingtechniquesoftenbreaka
documentinto smallerelements,e.g.,words,allocateweightsto theseelements,and
computetherelevancecombiningsimpleheuristicsanduser-specifiedratings.

MIT’ sRemembranceAgent[16] (Figure3, middleleft) implementsbothmodes
of searches– field- andcontent-based.The contentmatchingusesa word vector
approach.Eachdocumentis convertedinto a vectorof unique,meaningfulwords
with correspondingoccurrencefrequencies.This is referredto as the datavector.
Sameconversionis doneon thetext beingeditedat themomentandresultingin the
queryvector. A document’s relevanceis measureda weightedsumof frequencies
of wordsoccurringin boththedataandqueryvectors.

3.3 Communication

Communicationfor wearablecomputersincludescommunicationbetweenthewear-
ablepieces,e.g.,betweentheeyepieceandthecomputingunit, andcommunication
betweenthewearablecomputersto therestof theworld, e.g.,betweenthewireless
modemandanISPdialuppool.We focusourdiscussionon thecommunicationbe-
tweenwearablepieces,giventhatthecommunicationbetweenthewearableandthe
restof theworld is amoregeneralandnotspecificto wearables.Communicationbe-
tweenwearablepieceshasaspecialsetof requirements.Dueto theserequirements,
suitablesolutionsaremore likely to be found in short-rangelow-frequency wire-
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lesstechnologies.In this subsection,we discusstheserequirements,review general
wirelesscommunicationtechnologies,andfinally presentaplausiblesolutioncalled
BodyAreaNetwork[24].

In general,requirementsfor wearablecommunicationtie backto thestrict def-
inition of wearablecomputer– continuousandintuitive use.For intuitive andeasy
use,wearablecommunicationshouldbewireless.For continuoususe,it needsto be
energy efficient, which oftenmeanslow frequency transmission.Additionally, due
to thehigh confidentialityof databeingcommunicatedamongthewearablepieces
(often passwordsandcredit cardnumbers),it is desirablethat the communication
methodcomeswith addedsecurityfeatures.This usuallyimplies that the wireless
transmissionneedsto be short rangedso it hasa lower probability of leaking in-
formation.Theultimatesolutionis to somehow wirelesslytransmitsignalsthrough
humanbodies,which avoids leakingimportantinformationinto the air at all. It is
alsodesirableto reduceinterference.However, interferenceis not specificto wear-
ablecommunication.It is ageneralproblemthatcanbesolvedby signalattenuation
andnoisefiltering techniques.In short,awireless,low-frequency, body-rangecom-
municationtechnologyis preferableto connectcomponentsof awearablecomputer.

Wirelesscommunicationtechnologiescanbe classifiedinto two classes– far-
field andnear-field communications.Literally, technologiesin thefar-field classare
moresuitablefor long rangedcommunication,andsimilarly thosein thenear-field
classarefor theshortrangedcommunication.Typical radio frequencytechnologies
fall into thefar-field classwhereasBluetooth[6] looselyqualifiesasatechnologyin
thenear-field class.To bemorespecific,atypical radiofrequency antennacanreach
locationsthatareseveralhundredmetersaway. Bluetoothtypically coversa region
of aboutten meterradius.The two classesof communicationsdiffer technically
in signaldegradationratio andcarrierrequirement.In termsof signaldegradation
ratio, the far-field classis proportionalto

�������
, where

�
is the distanceto signal

source.Thenear-field class,on theotherhand,is proportionalto
�������

. In termsof
signalcarrier requirement,for devicessizeof a watchor credit card,the far-field
classrequirescarrierfrequency in the scaleof gigahertzwhile the near-field class
requirescarrierfrequency in thescaleof 0.1 to 1 megahertz.

For wearables,technologiesin the near-field classthat can cover the human
range,roughly a three-to five-meterradiusarea,is preferable.AT&T LabsCam-
bridge’sPiconet[2] is averylow frequency radionetwork with aroughlyfivemeter
range.Piconetmeetstherequirementsof intuitiveuseandlow powerconsumption.
However, dueto its radiotransmissionnature,it is still possibleto leakoutpersonal,
confidentialinformationin theair. Anotherpromisingsolutionis MIT MediaLab’s
BodyAreaNetwork [24]. Humanbodiesareusedaswet conductorandtakepartin
a circuit connectinga specialtransmitter, receiver andtheearth.Whenthebody is
in a steadystate,thecircuit is balancedwith zeropotential.Whenthebodymoves,
theresultingpotentialcarriessignalsthroughthecurrent.

It is measuredthatthecarrierstrengthis 330kilohertzandthepowerconsump-
tion is aslittle as1.5milliw atts.Middle right pictureof Figure3 showsMIT’ s pro-
totypeasa shoeinsert[13]. Theprototypeis testedwith anapplicationexchanging
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electronicbusinesscards.Right pictureof Figure3 shows two peoplewearingthe
Body AreaNetwork transceiverexchangebusinesscardsby shakinghands.

3.4 Power

body heat: 2.8-4.8 Watt

blood pressure: 
0.37-0.93 Wattarm motion: 

0.33-60 Watt

finger motion: 
0.76-19 mWatt

breath: 0.4-1.0 Watt 

breath (chest motion):
 0.42-0.83 Watt

walking: 5.0-67 Watt

Piezoelectric 
insert Metal 

spring

Alternative 
generator 

system

Fig. 4. HumanPower: left plot illustratesthetheoreticalpotentialof bodymovements;right
plot demonstratespiezoelectricmaterialandmechanicalspringscanbeintegratedinto shoes
to convert walkingpower.

Power is essentialto meetthe criteriaof continuousrun. It alsostronglyinflu-
encesa user’s decisionto usea wearablecomputercontinuously. Unlessthe com-
puterperforms,thereis no point of wearingoneall the time.Batteriesarethecon-
ventionalsolutions.They shouldbe integratedinto thewearablecomputersto pro-
vide the last layerof reliability in casethat all otherpower sourcesfail. However,
batteriesshouldnotbethesolepowersourcegiventhatwearablecomputersaresup-
posedto beoperatedanywhereanytime,includinghiking in mountainsandstanding
in queueto get into theGermanembassyin Switzerland.Next interestingquestion
is how andwhereto getpower. Becausewearablecomputersarewith peopleall the
time, it is only naturalto seekpower generatedby people.Below we evaluatethe
power requirementsof wearablecomputers,providetheoreticallyfigureson human
potential,andfinally look into somepracticalpowersolutions.

To understandbetterwhattypesof powersourcearemorepractical,wefirst ex-
aminetheaveragepower consumptionof thewearablecomputers.Traditionalbig-
ger wearablecomputersconsume5 watt energy. A typical configurationincludes
a headmountdisplay, 2 gigabyteharddisk, 133 megahertzPentiumCPU,and20
megabyteRAM. More advancedwearablecomputerscanconsumeaslittle as0.7
watt power. This is possibleby putting stateof the art MicroOptical eyeglassdis-
play, flashmemory, andStrongArmmicroprocessor(.3W at 115MIPs) altogether.
A powersourcethatcancontinuouslygenerateseveralwattsof power is ideal.

Accordingto a theoreticalanalysis[20], humanenergy in differentforms,body
heat,breathing,blood pressure,arm motion,fingermotion,andwalking, cangen-
eratepower from milliw attsto severaltensof watts.Seeleft plot of Figure4. Body
heatcanbeconvertedinto 2.8-4.8wattsenergy. Blood pressurehasthepotentialof
0.37-0.93watts.Breathingcangenerateenergy in two ways– facialandchestmo-
tionsby inhalingandexhaling.They cangenerate0.4-1.0and0.42-0.83wattpower
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respectively. Thesethreeformsof energy do not requireextra actionsby thewear-
ableusersbecausepeoplealwaysdispenseheat,breath,andhavebloodpressure.

The next threeforms,however, requireextra movements.Arm motion energy
spansa wider range,from 0.33to 60 watts.Given thatwe aremorelikely to type
when using computers,finger motion can be an interestingalternative. Unfortu-
nately, finger motionsgenerateonly about0.76-19milliw atts of power. The last
energy form, walking,hasthepotentialof generating5 to 67 watt power.

All above figuresaretheoreticallyderived.Convertingheatandbloodpressure
to reusablepower is technologicallydifficult. Breathingandfingermotionpower is
almostnegligible. Arm motionandwalkingarebothpractical.However, walking is
preferablefor two reasons.The energy convertingunit canbe easily integratedas
shoeinserts,andtakinga walk looksmuchmorenatural.

Therearetwo waysto transferthe power of walking into electricity. Seeright
plot of Figure4. Oneis to usepiezoelectricmaterialsthatconvertpressuresof step-
ping into electricalenergy. A 52 kilogramusercangenerateapproximately5 watts
of power. The other is to usemore traditional rotary generatorsthat convert heel
motionsinto electricity. Theefficiency is determinedby the distanceof thespring
systemmountedin theheel,energy storageof thespringsystem,andtheefficiency
of the generator. The figure is about12.5%which means.625to 8.4 wattsenergy
output.Together, a pair of shoeswith both piezoelectricandspringinsertshave a
realisticpotentialof 11.25to 26.8wattselectricity.

4 Summary and outlook

Therearein principlesix areasof applicationsfor wearables– medicine,military,
industrialtraining,education,entertainment,anddaily use.Entertainmentandmed-
ical applicationswereproposedearlyby designersin thepre-1990s.In aremarkable
medicalapplication– artificial vision [3], a teamof doctorsandcomputerscientists
managedto recovera blind patient’seyesightto 20/400with thehelpof a wearable
computer. During theearly90s,researchersstartedto exploit practicaluseof wear-
ablesin military, industrial training,andeducation.Sincelate 1990s,aswearable
hardwaregettingmatured,applicationsfor daily useshow up, for exampleMIT’ s
RemembranceAgent.In [8], wefurtheraddressspeculationsamongthecommunity
aboutwearablecomputer’sfutureneedandpracticalityfor averageanddaily use.

We find muchwork needsto be carriedon in four directions:1) hardware de-
velopment, 2) AI techniqueenhancement, 3) operating software development, and
4) systematicperformanceevaluation. In particular, the integratedone-handkey-
boardandhead-mountmicro displayareplausibleI/O solutions,but relatedaudio
andvideoI/O techniques(computervision andspeechprocessing)do not seemro-
bustenoughfor daily use.Communication-wised,Body AreaNetwork andPiconet
provide reasonablesolutions.However, thesetechnologiesarestill in development
andno systematicevaluationhasbeendoneto comparetheir use.Thepoweraspect
is somewhat similar. While piezoelectricandspringsysteminsertsarepromising
and’continuousrun’ seemsa reachablegoal,no formal experimentsareconducted
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to evaluatetheir efficiency in practice.Variousgroupsin theSwissFederalInstitue
of Technologyarepursuingtopicsin thesedirections(see[8] for detailedinforma-
tion). We hope,with this article, to encouragecontribution from fellow scientists
world-wideandthuspromoteresearchin thearea.
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