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Abstract: This papermpresent@anaugmentedeality systenthatmakesuseof aconsumeilevel mo-
bile device equippedwvith aninertial orientationsensor The device mapsorientationainformationto
userinteractions Furthermorewe utilize orientationto determineportionsof the operators context.
Thesystemmakesuseof thelocation-andcontect-awareplatformNexus[HKL * 99 to furtherre ne
the users contect information. To evaluatethe acceptancef the presentedgystema userstudywas
performed.
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1 Intr oduction

Mostaugmentedeality (AR) systemsnake useof advancedlisplayandtrackingtechnology Optical
or videosee-througlhead-mountedisplaysandhigh precisionexternaltrackingsystemsareusedto
achieve optimalresultsin termsof precisionupdaterate,andquality. But onthe otherhand,theuser
acceptancef thesesystemds low asmary of themarevery expensve anduncomfortablego wear
Additionally, aninadequate@iserinterfaceoften hindersan easyoperation.

Mobile devices keepgetting smaller faster and cheaperand additionally have more functionality
embeddedhanary previous generation.This enablesandencouragesoreandmore peopleto use
thesedevices. Therefore our systemis build on a consumetevel TabletPC thatwasequippedwith
anorientationsensoishavn in Figurel. Anotherexamplewherealternatve consumeievel devices
areusedto build anAR systemis the AR-PDA project[APO1].

With theuseof anorientationsensothe systemis ableto provide anadditionalpossibilityto interact
with the device in anintuitive way. It is shovn how changesn orientationcanbe mappedo user
interfacesof existing applicationsin a genericway. Furthermorethe systemusesthe Nexus plat-
form [HKL * 99, CKLO0O] to retrieve additionalinformationof the currentusers context. Nexusis a
middlewvarethatconnectgrovidersandclientsof context-awareapplications.The platformprovides
adetailedmodelof the realworld to location-avareandcontet-awareapplicationghatcanbe used



Figurel: TabletPCwith a mountednertial sensor

in in-doorandout-doorscenariogHKL * 99]. Contet-awareapplicationscaneasilyquerythe state
of real-world andvirtual objectsvia awell-de ned protocol. To nd adequatenappingsandparam-
etersof the users context to systeminteractions several userinterviens were evaluatedduring the
implementatiorof the prototype.Furthermoretwo additionalexampleapplicationsareshovn where
tilt operationsareusedasUI. The acceptancef the presentegrototypess summarizedn a short
overview of thefeedbaclgivenby theintervievedusers.

Theremainingpaperis organizedasfollows: First, we will give a summaryof previouswork done
in the areaof userinterfacesin AR environments. Afterwardsa shortsurwey on inertial sensorgs
given. In the following two sectionselaborateon the proposedctoncepts.The next sectiondescribes
the prototypeimplementationsfollowedby the resultsanda conclusion.

2 Previous Work

The explorationof userfriendly andintuitive input interfaceshasbeengoing on sincethe invention
of electronicdevices, especiallycomputers.Conceptghat are easyto understanéndhandlefound
their way to nowadayscommoncomputersystemsUserinterfacesn augmentedeality systemsare
mainly basedon simple buttonsof VR basednput devices. Only few researchs donein adapting
conceptf ubiquitouscomputinginterfacetechniquedo augmentedeality systems Alternative in-

putinterfacesto navigatethrougha menuon a hand-helddevice is presentedby J. Rekimoto[Re96]
who usesorientationto selectdifferentmenuoptions.B. L. Harrisonetal. [HFG* 98] show the ben-
et of utilizing differentsensorgo capturegesturef the operator A similar setupis describedoy
K. Hinckley et al. [HPSHOQ. J. F. Bartlett [Ba00] shawvs an alternatve input techniquewere the
orientationof a hand-helddevice is usedto scroll and navigate within an electronicphoto album.

Using device tilt gesturesasa text input methodis presentedy K. Partridgeet al. [PCS" 02]. D.



Tanetal.[TPB* 01] usesomeinteractiontechniguedbasedn changingheorientationof augmented
objects. Verplaetsgresentsa goodsurwey on inertial proprioceptve devices[Ve96]. Schmidtet al.
shaw a simple hand-heldprototypeequippedwith two mercuryswitchesto recognizethe orienta-
tion of the device [SBG99]. A surwy of contet-awareresearchs presentecdby G. ChenandD.
Kotz [CKO0O].

3 Inertial Orientation Sensing

The presentedonceptdor a userinterfacearebasedon the device's orientation.An orientationcan
be measuredelative to the previous orientationor absoluteto a given coordinatesystem. Relatve
orientationcan be capturedby inertial sensorghat are basedon, e.g. gyroscopes.For measuring
the absoluteorientationa couplingmustbe establishedbetweernthe device andthe referencecoordi-
natesystem.Using a high-precisiortrackingsystemcalibratedin referencecoordinatecandirectly
provide the absoluteorientationincluding the absoluteposition. Thesesystemsequiremassve ex-
ternalinstallationandarethereforeonly functionalwithin alimited area.Comparedo inertial sensor
systemghis is a majorde cit. A moreelegantmethodto captureorientationabsoluteto world co-
ordinatess to combineaninertial orientationsensomwith additionalsensors An accelerometethat
candetectthe steadylG earthgravity vectordescribeghe orientationrelative to the earthsurface.
Combininganelectroniccompassvith anorientationsensohelpsto describeéhedirectionin cardinal
points.Althoughacompasdtself would provide absolutadirectionalinformationin mostapplications
it is only usedto reducedrifting andstabilizea differentialorientationsensorThis combinatiorhelps
to overcometheinertiaof acompassandon the otherhandreducedrifting of theinertial orientation
sensoduringmotionlesgeriods.

Most commerciallyavailable off-the-shelfinertial orientationsensorsare designedor virtual real-
ity (VR) applicationsanddiffer greatlyin precisionandprice. We equippedour prototypewith an
InertiaCubé from InterSens¢l103] whichis acombineddevice of threegyroscopethreeaccelerom-
eter andthreemagneticeld sensorsThesensotis designedor high-precisiorheadtrackingin VR
andhas,therefore a very smallform factor—roughly 30mnmf—andweightsonly 25g. It hasa price
of about$1700. We alsobuilt a cheaperprototypeorientationsensomwith lessprecisionbut equal
form factor basedon two accelerometeranda microcontrollerwith aninvestmenbf about$25.

4 Mapping Orientation to User Interaction

Thechangeof thedevice's orientationcanbe mappedlirectlyto somecommonuserinteractionsThe
choiceof this mappinggreatlyaffectstheacceptancef thesystempecause¢heoperationgperformed
when the orientationof the device is changedshouldalways be obvious to the user In general,
thereare three possibilitiesto map orientation: a discrete,a partially constant,and a continuous
mapping.In eachcasetheangleto the users referenceoperatingorientation referredto astilt angle
must be known asillustratedin Figure 2. The referenceorientation,also referredto asreference
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Figure2: Maximumrangeof tilt operations.  Figure3: De ning differentkey eventsfor differ-
enttilt angles.

plane,representshe default orientationof the device whenthe userdoesnot apply ary orientation
changedor interaction. The setupof the referenceplaneshouldbe accomplishedy the usersince
it changesdependenbn the user his working position, and ervironmentallighting conditions. It

is obvious that a recon gurationbecomesecessaryery frequentlyas userstendto changetheir
working position from time to time. Therefore,an adequatesolution is to setupa single button
to capturethe currentorientationas new referenceplane. Another challengefor the systemis to

recognizewhen the usertilts the device but doesnot wantto performary userinteraction. This
happensn caseswhentheuserstopsworking with the systemandsetsit down on atableor whenthe
userchangesis working position. Thesystermwill misinterprethis new orientationandwill execute
interactionevents. To preventthis behaior the systemsomeh@ mustrecognizef the usertilts the
device explicitly for userinteraction.To solve this problemRekimotosuggests$o usea clutch button
to activatethe tilt functionality [Re9q which allows to usetilting for userinteractiononly during
the button is pressedclutch modg. Secondly a lock modecan be integratedwherethe mapping
of orientationto interactioncanbe turnedon or off. The clutch modeoffers the additionalbene t

that eachtime the button is pressedhe referenceplane could be readjustedo the currentdevice
orientation. Therefore the referenceplaneadjustmenis embeddedvithin the activation processof

theuserinteractionvia tilt gesturesDuring our prototypedevelopmenit turnedoutthatusersdid not
tilt the device for morethanabout30 degreesthusinteractiontechniqueshatrequiremoreextreme
changesn orientationwere neglected. On the otherhandas userscannothold the device without
slight changesn orientationa deadzoneis usedto prevent executionof eventsat orientationsonly
slightly differentthanthereferenceplaneascanbe seenn the Figure4.

Discrete mapping usesa thresholdon the tilt angleto recognizeuserinteractionevents. A typical
examplefunctionto mapthetilt angleto discreteuserinteractioneventsis shavn in Figure4, left.
Thistechniquecan,e.g.,be usedto simulatesinglekey-presseventsor toggling of applicationstates.

Partially constantmapping canassigrdifferenteventsbasedndifferenttilt angles.To decidewhen
to measuréhetilt angle,atimercanbeusedio measurehetime whentheorientationdoesnotchange
signi cantly. If this timer exceedsa userde ned thresholdit is assumedhatthe userpositionedthe
device to its desiredorientationand the systemmeasureghe tilt angle. Another possibility is to
storethe anglewherethe userstoppedthe tilt gestureand startsto changethe orientationbackto
thereferenceplane. This tilt angleis thenusedto decidewhich actionhasto be executedby using
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Figure4: left: functionto mapdiscreteevents,middle: functionto mapdifferentevents,right: func-
tion to mapmultiple events.

a mappingfunctionasshown in Figure4, middle. Figure 3 illustratesthe device held at diversetilt
anglesto trigger differentevents. This methodcan,e.g.,generate cursordown key-presseventfor
slighttilt gesturemnda pagedown key-presseventfor moreseriouschangesn orientation.

Continuous mapping allows to generatenultiple eventswithin atime period. Thenumberof events
generatedlepend®nthetilt angle. The morethedevice s tilted the moreeventsaregeneratedThe
typical mappingfunctionusedin this scenarids illustratedin Figure4, right. This mappingis useful
to, e.g.,chooseelementawithin alist wherethe userscanstepthroughlist elementsr scrollwindow
contentatvaryingspeeds.

Application-dependemhappingof orientationto userinteractionallows moresophisticatednapping
techniquesespeciallyif moreinformationaboutthe userscurrentcontext is available. In particular
AR applicationscanbene t from moreintuitive and supportve userinterfacesasthe usershave to
interactwith the realandvirtual world concurrently But alsothe entertainmensectormay usethis
kind of userinputto enablegamedik e thedexterity puzzleor thewell-known computelgameMarble
Madnesdy Atari.

5 Selectthe Mapping of User Interaction via Context Information

Thetasksthata userwantsto performareoftencontext sensitve. Many work in this areacontributes
to thetopic of location-avareor, in generalcontext-awaresystemgBD03, CK00,SBG99,HKL * 99.

As our proposedconceptis orientation-avare with an inertial sensorand generallycontet-aware
throughthe Nexus platform,contet situationscanbe estimatedasedn mary information,e.g.,the
applicationstatus,userinteraction,device orientation,statusof the ervironment,or location of the
user

Most mobile devicesaredesignedo be operatechot just whenholding still but alsowhile in move-
ment. However, the precisionof mary input devices—like, e.g., touch-panepens—sukrs signif-
icantly from movement. Picking small graphicaluserinterface(GUI) elementswhile standingstill
seemdo be no problemfor mostusers,but becomesa big challengewhenwalking. Sensingthe
orientationof thedevice with high precisionallowsto recognizehedevice's operationaktatusj.e. if
it is operatedvhile moving or not. With this informationthe userinterfacecanbe modi ed to, e.g.,



includelessfunctionality andlarger control elementghat are easierto tap. Furthermorejf the de-
vice experiencesho movementsat all—lessthanthe naturalshiver of a humanhand—itmusthave
beenlaid down. A device suchasa mobile phonecanthensuspendnostfunctionsto save enegy
since,in general,t is operatedn-hand. In contrast;f the sensorecognizediuge,rapid changesn
orientationit canbe assumedhatthe device is currentlytransportecandthat the heary movements
make it impossibleto work with it. It canthereforgustaswell shutdown andsave power. Providing
the possibility to sensean absoluteorientationby addinga gravity sensorasdescribedn Section3
allowsto addfurtherfunctionalityto the system.This simpleenhancemersllows to retrieve context
informationandsupportthe userby, e.g.,automaticallychangingthe screerorientationfrom portrait
to landscapendvice versawhich is particularlyusefulon small-screerdevicesas smartphonesr
PDAs asshowvn by [SBG99].

All of the previously mentionednteractiontechniquesrepossibleby just capturinginertial orienta-
tion changesExploiting the possibilitiesof the Nexus platform enableghe systemto acquiremuch
more context information. E.g., the userpositionin combinationwith the statusof ervironmental
lighting conditionscanbe usedto adaptthe backgroundighting or contrastof the display Events
thatoccurin therealworld canin uence the applicatione.g.,aringing phonecanalsopausethe ap-
plicationor mutethe volume. But additionalinformationfor realandvirtual objectscanbe accessed
with Nexusand,consequentlyorientation-basedserinteractioncanbe usedto navigatethoughthe
availabledata.

6 Prototype Implementation

To verify the proposedconceptof userinteractionwe developedan AR applicationthatimplements
several methodsto performuserinteractionby orientation. To showv that the conceptof usingori-
entationis not only limited to AR applicationgwo othersimple prototypesare presenteda generic
orientationdriver to controlanexisting window systemanda simplecomputergame.

6.1 AugmentedReality Explorer

AR systemgequirethe device locationand orientationin orderto augmenthe virtual andrealin-

formation. While sensingthe orientationcanbe handledwith inertial sensorsthe absolutdocation
cannotbe determinedeasily and often requirescostly additionalhardware. Therefore,we imple-

mentedan AR explorer usingthe following assumptionsthe usersexplore only single objectsand
maintaina x eddistanceo them. Therefore prientationainformationis enougho evaluatethe posi-
tion of the displayrelative to the object. A TabletPCwasequippedwith the off-the-shelforientation
sensornertiaCubé form Intersensgll03](seeFigure 1). The prototypeimplementatiordisplaysa
virtual objectat the samelocationandorientationasthe real-world object. The usercanexplorethe
objectfrom differentviews without learninghow to navigate,just by moving the displayaroundthe
objectasshavnin Figure5. Thereforethe AR explorercanbe seerasamobile AR window asoften



Figure5: AR-Explorerto explore objectsby orienting the display and switching irrelevant parts
transparent.

usedin medicalapplicationdSSSWO03.

The systemhasboth operationmodesimplemented:the clutch modeandthe lock mode. The user
interfacevia orientationis divided into two parts: The orientationis permanentlyusedto calculate
theview directionto the explorationobjectandif the clutchbuttonis pressedr thelock modeis ac-
tivated,orientationis mappedo userinteractionfunctions.The rst partensureghatthe orientation
of the virtual objectremainsregisteredwith the real-world objectascanbe seenin Figure5. The
mappingof tilt gestureso userinteractionfunctionalityallows the userto selectdifferentpartsof the
objectwith left or right tilt gesturesandto modify themby tilting the device up or down. For the part
selectionwe useda continuousmappingto allow the usera precise(slow) navigationwith slight tilt
operationandfaststeppinghoughthe partsusingmoreextremetilt gesturesTo modify theselected
partof thevirtual objecta partially constantnappingis usedto applyfour differentfunctionsto mod-
ify orinteractwith theselectedgart. Two eventsareusedto switchpartsto two differenttranspareng
levels. Furthermorepartscanbe completelyremovedfrom thevirtual object. At last, it is alsopossi-
ble to displayadditionaldatathatis acquiredfrom the Nexus platform. The applicationoverlaysan
informationwindow to visualizethe dataandentersthe informationnavigationmodewherechanges
of orientationonly affect the navigationwithin the informationview. This may contain,e.g.,atech-
nical manual,a userguide,or ary othergraphical/tatual information. To storethe informationthe
hypertext transferprotocol(HTTP) is used.To navigatewithin HT TP documentswith tilt operations
we encounterethe problemthatthe userwantsto scroll thedocumentindadditionallywantsto step
throughtheincludedlinks. Naturally, both operationshouldbe mappedo the sameup or down tilt
gesturewhichis, in generalnot possible An adequatesolutionis to scroll andstepthroughthelinks
simultaneously:Whenthe usertilts the device the informationdisplay stepsto the next link if and
only if thelink is containedn the currentlyvisible areaof the document.In all othercaseshe page
is scrolled. This behaior canbe further re ned so that the systemonly stepsto the next link if it
is shavn in a userde ned areaof the screen.Theimagesequencén Figure6 shovs successie tilt
operationsthegreenishareade nestheregionin whichalink mustbevisiblein orderto beselected.
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Figure 6: Tilt operationgresultin successie scroll andlink-step actions. Initially, the rst link is
marked. After atilt gesturethe next link is selected.Tilting againscrollssincethefollowing link is
out of thegreenisHink area A furthertilt scrollsandadditionallymarksthelastlink.

Additionally, left tilting is discretelymappedo stepbackto the previous pageof the displayedin-
formationandwith right tilt operationst is possibleto selectlinks within the HTTP document.The
informationwindow is closedif the rst informationpageis displayedandthe usertriesto go back
to the previouspage.

6.2 Generic Orientation Driver

For this prototypewe usedthe samehardware setupas before (seeFigure 1). The genericdriver
applicationhasalsoboth operationmodesimplemented.In the default con guration the orientation
is mappedto the scrollbarsusinga continuousmappingto allow arbitrary scrolling speed4Ba00,

HFG" 98]. Thereforeany applicationwhich usesscrollbarsbene tsfrom thenew inputtechnique A

schematidllustration of thealgorithmis shovn in Figure?7.

For applicationsnot makinguseof scrollbarsjnputviartilt gesturess exploitedby sendingkey-press
eventsto the application. The prototypeallows a perapplicationdiscretekey-mappingcon gura-

tion. Whenan orientationchangeis recognizedthe systemsearcheshe setupfor the currentwin-

dow in focus. If no specialcon gurationis found, the default behaior—mappingorientationto the

scrollbars—isapplied. This allows usersto con gure awide rangeof applicationgo be operatedria

tilt operations.

Thefunctionalityto navigatewithin WWW pagesviatilt operations—adescribedn Section6.1—is
alsointegratedand,thereforethedriver allows to browsetheinternetwith justtilting operations.

The prototypecanalsodetectthe orientationrelative to the 1G gravity vectorwhichis usedto imple-
mentanautomaticscreercon gurationfrom landscapeo portraitorientationandvice versg SBG99].
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Figure8: PlayingTrackballs (a Marble Madnes<lone)via tilting thedevice.

A thresholdoreventsscreerrecon gurationsf nosigni canttilt in eitherdirectionis recognizede.g.
if thedeviceis lying onatable.

As asimplecontet-awarefunctionalitythesystendetectsf it is lying upsidedown, i.e. if thedisplay
is facingtheground.It is assumedhatusersdo not operatehedevice in this positionand,therefore,
the systementerssuspendanode.

6.3 Gaming Entertainment

Sensingheorientationof the device alsogivesriseto new applicationsandinteractiontechniquesin
theentertainmenareathe orientationcanalsobe usedfor gamef mary kindsas,e.g.,racinggames
or simple dexterity-puzzle-like games. We adaptedthe opensourcegameTrackballs [BRP* ]—a
Marble Madnesslone—usinghedevice orientationfor steeringthe ball (Figure8).



AR-Explorer  AR-Explorer AR-Explorer GenericDriver Gaming
View Orientation PartSelection Info. Browsing Scrolling Entertainment

Handling + + + +
Advantage (++) + 0 +
Precision 0 + 0 + ++
Intuitively ++ ++ ++ ++
Usable

Tablel: UserFeedbaclon Prototypes.

7 Prototype Evaluation and Results

To evaluatethe prototypeapplicationsa shortuserpoll wasperformed.The usersweregivena short
introductionto our orientation-avaresystem.Thereafterthe usersoperatedhe applicationsandhad
to rank the applications userinterface on several aspects. The scaleof the rating at eachaspect
reachedrom minustwo up to plustwo. Seven usersparticipatedin our study for all of themthe

conceptof operatinga userinterfaceby changesn orientationwastotally new. The userfeedback
on how comfortablethe applicationcanbe operateds expressedn Handling The Advantae item

ranksthe bene t of orientationalinput versuscommoninput techniqueslf the new inputtechnique
providesenoughprecisionis expressedn Precision Finally, in Intuitively Usablethe usershadto

ratehow intuitive theinterfacecanbe operatedTheresultsaresummarizedn Tablel.

Somecharacteristicof the orientation-avare userinterface could be seenin all interactionsthat

wereperformed.Due to the device con guration the clutch modecanhardly be operatedn portrait

orientationasthebuttoncannolongerbeusedergonomically(seeFigurel). But this problemis even

more severeif commonuserinterfacetechniguesare usedwheremore buttonshave to be operated
to performthe sameinteraction.Harrisonet al. addressethis problemin [HFG* 98]. Operatingthe

device with the styluswhile the usersheldthe device with onehandwaspracticallyimpossible. The

weightof thedevice (approx.1.4kg)is fartoo heary to behandledergonomicallywith only onehand.

Additionally, theusersfoundit quite hardto operatehe styluswhile moving.

AR-Explorer View Orientation. To evaluatethe view manipulationof the AR-Explorerthe users
hadto explore variouspartsof the examinationobject. All usersintuitively usedthe TabletPCasa
window andcould easilyperformthe task. Two usersclaimedthe weight of the device restrictsthe
handling. The adwvantageof using orientationalinformationto determinethe view directionversus
de ning it manually e.g., via cursorkeys, is huge. Neverthelesscomparedo other AR window

devicesthereis even a slight disadwantage especiallyin termsof precisionanddrift of the inertial

sensor

AR-Explorer Part Selection.For selectingsubpartof the explorationobjectsmostuserschosethe
clutchmodeasthey sometimesvalkedaroundthe objectto getabetterview of the currentlyselected
partand,therefore hadto deactvatethe the userinteraction.Four userspreferredthe userinterface



usingleft/right cursorkeysto selectparts.During theselectiorof partsmoreextremetilt gesturesan
be usedto stepthoughthelist of partsvery fast.

AR-Explorer Information Browsing. Theusersvereableto scrolltheinformationwindow content
intuitively. But mary usershad problemsselecting/follaving links and afterwardsreturningto the
previous page. All of the usersneededfurther explanationto understandhe concept. Five users
claimedthattheinteractionmethodis non-intuitive andtoo complicatedo be operatecdeasily

Generic Driver Scrolling. To prove the presentednappingshe scenariovhenreadinga long (ap-
prox.8 screensyvebpagewasanalyzed Most usersusedthelock modeto readthewebpage setting
thereferenceplanein awaythatthewindow contentscrolledataspeedorrespondingo theirreading
speed.Two participantsusedthe clutch mode. They scrolledstep-by-stegachtime by pressinghe
clutchbutton,scrolling,andreleasinghe button.

Gaming Entertainment. All usersnaturallyinteractedwith the device andtried to keepthe ball on
its track. Theusersn our studyweregreatlyamusedy its simpleandintuitive handling.

The study points out that a Ul operatedby orientationis in somescenariosa practicalinteraction
technique. For someinteractiontasksit is even preferredcomparedo commoninterfaces,e.g.,a
stylus. In addition,for moresophisticatediserinteractionthereis still only onebuttonto be pressed
whereasusingcommonuserinterfacesthe userhasto remembethe functionality and placemenof
all usedbuttons. Anotherproblemis thatthereis only limited spacefor buttonson a device. The
study also shoved that both operationmodeshave their advantagesand disadantages.The clutch
modeis easyto handleandmisinterpretediserinteractionoccursseldom.Thelock modeis preferred
whenthe usercontinuouslyusesthe userinterface,e.g., while readinga text. In contrast,the poll
alsoclearly stateghatinteractionvia tilt operationgs not yet perfectin all applications.Navigating
within HTTP documentasingtilt gesturesvasfoundstill notgoodenoughto be usedin practiceby
mostusers.

8 Conclusion

We have shawvn an alternatve userinterfacefor mobile devicesin AR ervironments. Orientational
informationis mappedto several userinterfacefunctionsto control the applicationvia simple tilt
gestures.The presentedrototypeis also able to recognizesomestatesof the device's contet to
supporttheuser The performeduserpoll to evaluateour proposednethodshavs thatsomeapplica-
tionsbene tfrom acontet-awareuserinterface especiallyapplicationgunningin AR ervironments.
Neverthelesstheevaluationalsoshavedthatfor somecaseshepresentediserinteractiontechniques
areinadequateand,therefore additionalconceptshave to be found. In future we would like to add
moresensoitechnologieso our prototypeto developmorereliablecontext recognitiontechniques.
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