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COLLABORATIVEAUGMENTEDREALITYMEASUREMENT 
SYSTEMSANDMETHODS 

SPECIFICATION 

BACKGROUND 

RELATEDAPPLICATIONS 

[0001]ThisapplicationclaimsprioritytoUnitedStatesProvisionalPatentApplication 

SerialNo.63/121,156filedonDecember3,2020,theentiredisclosureofwhichishereby 

expresslyincorporatedbyreference.  

TECHNICALFIELD 

[0002]Thepresentdisclosurerelatesgenerallytoaugmentedrealitycomputingdevices.  

Morespecificallythepresentdisclosurerelatestoasystemandmethodforcollaboratively 

measuringanobjectand/orafeatureofastructurethatmayincludeavideoandaudio 

connection(e.g.,avideocollaborationwebportal)betweenauserutilizingamobiledevice 

andaremoteuserutilizingacomputingdeviceorasastand-alonefeatureutilizedbya 

mobiledeviceuser.  

RELATEDART 

[0003]Intheinsuranceunderwritingbuildingconstructionsolarfieldservicesandreal 

estateindustriescomputer-basedsystemsforgeneratingfloorplansandlayoutsofphysical 

(e.g.,furniturecabinetsappliancesetc.)isbecomingincreasinglyimportant.Inparticular 

togenerateanaccuratefloorplanofaphysicalstructureonemusthaveanaccuratesetof 

datawhichadequatelydescribesthatstructure.Moreoveritisbecomingincreasingly 

importanttoprovidecomputer-basedsystemswhichhaveadequatecapabilitiestomeasure 

interiorandexteriorfeaturesofbuildingsaswellastomeasurespecificinteriorobjectsand 

featuresofsuchbuildings(e.g.,acountertoplengthaceilingheightaroomwidthdoors 

windowsclosetsetc.).  

[0004]Withtheadventofmobiledatacapturingdevicesincludingphonesandtabletsitis 

nowpossibletogatherandprocessaccuratedatafromsiteslocatedanywhereinthe 

world.Thedatacanbeprocessedeitherdirectlyonahand-heldcomputingdeviceorsome 

othertypeofdevice(providedthatsuchdeviceshaveadequatecomputingpower).However 

industryprofessionals(e.g.,aclaimsadjusteraforemanautilityinstallerarealestateagent, 

structuressuchasresidentialhomescommercialbuildingsetc.,objectswithinthosehomes
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etc.)areoftennotreadilyavailableforanon-sitevisit.  

[0005]Accordinglywhatwouldbedesirableisasystemandmethodforcollaboratively 

measuringanobjectand/orfeatureofastructurethatmayincludeavideoandaudio 

connection(e.g.,avideocollaborationwebportal)betweenauser(e.g.,ahomeowner) 

utilizingamobiledeviceandaremoteuser(e.g.,anindustryprofessional)utilizinga 

computingdeviceorasastand-alonefeatureutilizedbyamobiledeviceuser.
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SUMMARY 

[0006]Thepresentinventionrelatestosystemsandmethodsforcollaborativeaugmented 

realitymeasurementofanobjectusingcomputingdevices.Thesystemestablishesanaudio 

andvideoconnectionbetweenamobiledeviceofafirstuserandaremotedeviceofasecond 

usersuchthatthesecondusercanviewandeditanaugmentedrealityscenedisplayedona 

displayofthemobiledeviceofthefirstuser.Thesystemreceivesameasurementtool 

selectionfromthefirstuserorthesecondusertomeasureanobjectand/orfeaturepresent 

intheaugmentedrealityscenedisplayedonthedisplayofthemobiledeviceofthefirstuser.  

Thenthesystemdetectsaplane(e.g.,averticalorhorizontalplane)oftheaugmentedreality 

sceneasareferencetopositionandcapturepointstoexecuteameasurementoftheobject 

and/orfeaturepresentintheaugmentedrealityscene.Thesystemdeterminesameasurement 

oftheobjectand/orfeaturebasedontheselectedmeasurementtoolandtransmitsthe 

measurementoftheobjectand/orfeaturetoaserver.
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BRIEFDESCRIPTIONOFTHEDRAWINGS 

[0007]TheforegoingfeaturesoftheinventionwillbeapparentfromthefollowingDetailed 

DescriptionoftheInventiontakeninconnectionwiththeaccompanyingdrawingsin 

which: 

[0008]FIG.1isadiagramillustratinganembodimentofthesystemofthepresent 

disclosure* 

[0009]FIG.2isaflowchartillustratingoverallprocessingstepscarriedoutbythesystem 

ofthepresentdisclosure* 

[0010]FIG.3isaflowchartillustratingstep56ofFIG.2ingreaterdetail~ 

[OO11JFIGS.4A-4Careflowchartsillustratingembodimentsofstep58ingreaterdetaiL 

[0012]FIGS.5-11arescreenshotsillustratingoperationofthesystemofthepresent 

disclosure*and 

[0013]FIG.12isadiagramillustratinganotherembodimentofthesystemofthepresent 

disclosure.
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DETAILEDDESCRIPTION 

[0014]Thepresentdisclosurerelatestoasystemandmethodforthecollaborative 

augmentedrealitymeasurementofanobjectusingcomputingdevicesasdescribedindetail 

belowinconnectionwithFIGS.1-12.  

[0015]TurningtothedrawingsFIG.1isadiagramillustratinganembodimentofthe 

system10ofthepresentdisclosure.Thesystem10couldbeembodiedasacentralprocessing 

unit12(processor)ofafirstuser11incommunicationwithaserver14andaseconduser 

18viaaremotedevice16.Theprocessor12andtheremotedevice16couldincludebutare 

notlimitedtoacomputersystemaserverapersonalcomputeracloudcomputingdevice 

asmartphoneoranyothersuitabledeviceprogrammedtocarryouttheprocessesdisclosed 

U Thesystem10couldmeasureatleastoneobjectand/orfeatureofastructureby 

utilizingtheprocessor12andtheremotedevice16.Theserver14couldincludedigital 

imagesand/ordigitalimagedatasetscomprisingannotatedimagesofobjectsand/orfeatures 

ofastructureindicativeofrespectivemeasurementsoftheobjectsand/orfeaturesofthe 

structure.Furtherthedatasetscouldincludebutarenotlimitedtoimagesofresidentialand 

commercialbuildings. Theserver 14couldstoreoneormorethree-dimensional 

representationsofanimagedstructureincludingobjectsandfeaturesthereofandthesystem 

10couldoperatewithsuchthree-dimensionalrepresentations.Assuchbytheterms"U 

and"imagery asusedherein itismeantnotonlyopticalimagerybutalsothree

dimensionalimageryandcomputer-generatedimagery.Theprocessor12executessystem 

remotedevice16andprovidesforlocaland/orremotemeasurementofanobjectand/ora 

featureofastructure.  

[0016]Thesystem10includessystemcode20(non-transitorycomputer-readable 

instructions)storedonacomputer-readablemediumandexecutablebythehardware 
U 

processor12oroneormorecomputersystems.Thecode20couldincludevanouscustom

writtensoftwaremodulesthatcarryoutthesteps/processesdiscussedhereinandcould 

includebutisnotlimitedtoanaudio/video(A/V)remoteconnectionmodule22aaplane 

detectionmodule22bandameasurementmodule22c.Thecode20couldbeprogrammed 
U 

usinganysuitableprogramminglanguagesincludingbutnotlimitedtoSwiftKotlinC 

C++,C#,JavaPythonoranyothersuitablelanguage.Additionallythecode20couldbe 

distributedacrossmultiplecomputersystemsincommunicationwitheachotherovera 

code20whichestablishesavideoandaudioconnectionbetweentheprocessor12andthe
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communicationsnetworkand/orstoredandexecutedonacloudcomputingplatformand 

remotelyaccessedbyacomputersystemincommunicationwiththecloudplatform.The 

code20couldconmiunicatewiththesewer14andtheremotedevice16,whichcouldbe 

storedononeormoreothercomputersystemsincommunicationwiththecode20.  

[0017]Stillfurtherthesystem10couldbeembodiedasacustomizedhardwarecomponent 

suchasafield-programmablegatearray("FPGA"),application-specificintegratedcircuit 

("ASIC"),embeddedsystemorothercustomizedhardwarecomponentswithoutdeparting 

fromthespiritorscopeofthepresentdisclosure.ItshouldbeunderstoodthatFIG.1isonly 

onepotentialconfigurationandthesystem10ofthepresentdisclosurecanbeimplemented 

usinganumberofdifferentconfigurations.  

[0018]FIG.2isaflowchartillustratingoverallprocessingsteps50carriedoutbythesystem 

10ofthepresentdisclosure.Beginninginstep52,thesystem10establishesanA/V 

connectionbetweenthemobiledevice12ofthefirstuser11andtheremotedevice16 

oftheseconduser18suchthatthefirstandsecondusers11, 18canviewanaugmented 

realityscene.Inparticularthesystem10cancaptureacurrentframeofanaugmentedreality 

scenedisplayedonthedisplayofthemobiledevice12asanimageconverttheimagetoa 
U 

pixelbufferandtransmitthepixelbuffertotheremotedevice16utilizingavideoclient 

softwaredeveloperkit(SDK).This U canoccurseveraltimespersecondtoyield 

alivevideostreamofthelocalaugmentedrealityscenedisplayedonthedisplayofthe 

mobiledevice12.Instep54,thesystem10receivesameasurementtoolselectionfromthe 

displayedonthedisplayofthemobiledevice12ofthefirstuser11.Itshouldbeunderstood 

thatthesystem10includesavarietyofmeasurementtoolsformeasuringspecificobjects 

and/orfeaturesofastructureincludingbutnotlimitedtoalinesegmenttoolalinepolygon 

prismtoolandarectanglepolygonprismtool.Theninstep56,thesystem10detectsa 

plane(e.g.,averticalorhorizontalplane)oftheaugmentedrealitysceneasareferenceto 

positionandcapturepointstoexecuteameasurementoftheobjectand/orfeaturepresentin 

theaugmentedrealityscene.Instep58,thesystem10determinesameasurementofthe 

objectand/orfeaturebasedontheselectedmeasurementtool.Instep60,thesystem10 

transmitsthemeasurementoftheobjectand/orfeaturetotheserver14.Itshouldbe 

understoodthatthemeasurementtransmittedtothesewer14isaccessibletotheseconduser 

18afterterminationoftheA/Vconnectionbetweenthemobiledevice12andtheremote 

firstuser11ortheseconduser18tomeasureanobjectand/orfeaturepresentinthescene
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device16.  

[0019]FIG.3isaflowchartillustratingstep56ofFIG.2ingreaterdetail.InparticularFIG.  

3illustratesprocessingstepscarriedoutbythesystem10forverticalorhorizontalplane 

detection.InstepSOthesystem10executesaraycastoriginatingfromacenterofthedisplay 

ofthemobiledevice12todetectaverticalorhorizontalplane.Instep82,thesystem10 

U whetheraverticalorhorizontalplaneisdetected.Ifthesystem10detectsa 

verticalorhorizontalplanethentheprocessproceedstostep84.Instep84,thesystem10 

selectsanearestdetectedverticalorhorizontalplanerelativetothecenterofthedisplayand 

theprocessends.Alternativelyifthesystem10doesnotdetectaverticalorhorizontalplane 

thentheprocessproceedstostep86.Instep86,thesystem10executesaraycastoriginating 

fromthecenterofthedisplayofthemobiledevice12todetectaninfinitehorizontalplane.  

Instep88,thesystem10 U whetheraninfinitehorizontalplaneisdetected.Ifthe 

system10detectsaninfinitehorizontalplanethentheprocessproceedstostep90.Instep 

90,thesystem10selectsafarthestinfinitehorizontalplanerelativetothecenterofthe 

displayandtheprocessends.Alternativelyifthesystem10doesnotdetectaninfinite 

horizontalplanethentheprocessproceedstostep92.Instep92,thesystem10executesa 

raycastoriginatingfromthecenterofthedisplayofthemobiledevice12todetectaninfinite 

verticalplane.Instep94,thesystem10determineswhetheraninfiniteverticalplaneis 

detected.Ifthesystem10detectsaninfiniteverticalplanethentheprocessproceedstostep 

96.Instep96,thesystem10selectsanearestinfiniteverticalplanerelativetothecenterof 

verticalplanethentheprocessreturnstostep80.Itshouldbeunderstoodthatthesystem10 

carriesouttheplanedetectionprocessingstepsuntilaplaneisdetected.  

[0020]FIGS.4A-4Careflowchartsillustratingembodimentsofstep58ingreaterdetail.As 

mentionedabovethesystem10canreceiveameasurementtoolselectionfromthefirstuser 

11ortheseconduser18tomeasureanobjectand/orfeaturepresentinthescenedisplayed 

onthedisplayofthemobiledevice12ofthefirstuser11wherethemeasurementtoolcan 
bealinesegmenttoollinepolygonprismtoolarectanglepolygon U 

pnsmtooloranyother 

tool.AccordinglyFIGS.4A-4Crespectivelyillustrateprocessingstepscarriedoutbythe 

system10formeasuringaspecificobjectand/orfeatureofastructurebasedonareceived 

measurementtoolselection.  

[0021]FIG.4Aillustratesprocessingstepscarriedoutbythesystem10formeasuringa 

thedisplayandtheprocessends.Alternativelyifthesystem10doesnotdetectaninfinite
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specificobjectand/orfeatureofastructureviaalinesegmenttool.Instep120,thesystem 

10positionsandcapturesatleasttwopointsindicatedbyareticleoverlaybasedonan 

inputfromthefirstuser11ortheseconduser18.Inparticularthesystem10positionsa 

firstpointontotheaugmentedrealityscenebasedonpointsofadetectedverticalor 

horizontalplaneasdescribedaboveinrelationtoFIG.3.Asdescribedbelowthesystem10 

cangenerateanorthogonalguidelinetomeasureapoint(e.g.,asecondpoint)inadirection 

normaltoasurface(e.g.,asurfacehavingthefirstpoint).Thesystem10canpositiona 

secondpointinthesamewaybeitontheorthogonalguidelineonanotherplaneoranother 

point.Itshouldbeunderstoodthatthesystem10candiscardacapturedpointbasedonan 

inputfromthefirstuser11ortheseconduser18.Itshouldalsobeunderstoodthatthesystem 

10cancarryoutapluralityofoperationstopositionandcaptureapointincludingbutnot 

limitedtosnappingtoapointsnappingtotheorthogonalguidelinesnappingtoaplaneon 

theorthogonalguidelineandextendingameasurementalongtheorthogonalguidelineas 

describedinfurtherdetailbelow.  

[0022]Thesystem10cansnaptoapointbyexecutingaraycasthittestoriginatingfroma 

centerofthedisplayofthemobiledevice12.Ifanexistingpointonthedetectedplaneishit 

(contacted),thenthesystem10canupdateaworldposition(e.g.,apositionrelativetothe 

scenesworldcoordinatespace)ofthereticleoverlaytobetheworldpositionoftheexisting 

point.Ifanexistingpointisnothitthesystem10canupdatetheworldpositionofthereticle 

overlaytoapositionwherearaycasthittestoriginatingfromthecenterofthedisplayofthe 

executingaraycasthittestoriginatingfromacenterofthedisplayofthemobiledevice12.  

Theorthogonalguidelinecanbedefinedbyacollisionshape(e.g.,planesspheresboxes 

cylindersconvexhullsellipsoidscompoundsarbitraryshapesoranysuitableshape 

definingtheorthogonalguideline).Thecollisionshapecanbehitbycastedrays.Ifa 

collisionshapeoftheorthogonalguidelineishitthesystem10canutilizethehitposition 

andprojectitontoavectorindicativeofadirectionoftheorthogonalguidelineaswellas 

updateapositionofthereticleoverlaytobethehitpositionadjustedtotheorthogonal 

guidelinedirection.Iftheguidelinecollisionshapeisnothitthesystem10canupdatea 

positionofthereticletoapositionwhereacenterofthedisplayraycasthitsaplane.  

[0023]Additionallythesystem10cansnaptoaplaneonanorthogonalguideline.In 

particularwhenthereticleissnappedtotheorthogonalguidelinethesystem10canexecute 

mobiledevice12hitsaplane.Thesystem10canalsosnaptotheorthogonalguidelineby
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araycasthittestwiththeoriginsettothereticleposition(e.g.,apositionofthereticleoverly 

ontheorthogonalguideline)andthedirectionsettotheorthogonalguidelinedirection.Ifa 

planeishitthesystem10candetermineadistancefromthereticletoaplanehitposition 

andifthedistanceiswithina4'snaprange(e.g.,apredeterminedcentimeterthreshold),the 

system10canupdatethereticlepositiontotheplanehitposition.Ifaplaneisnothitthe 

system10canexecutearaycasthittestwiththeoriginsettothereticlepositionandthe 

directionsettothenegatedorthogonalguidelinedirection.Ifaplaneishitthesystem10 

candetermineadistancefromthereticletoaplanehitpositionandifthedistanceiswithin 
the4' 

snaprangethesystem10canupdatethereticlepositiontotheplanehitposition.Ifa 
planeisnothitinthenegatedorthogonalguidelinedirectionthesystem10canmaintaina 

positionofthereticleontheguideline.Thesystem10canexecutetheaforementioned 

raycasthittestswitheachnewpositionofthereticle.  

[0024]Thesystem10canalsoextendameasurementalongtheorthogonalline.Whenan 

initialmeasurementispositionedalonganorthogonalguidelineasecondpointoftheinitial 

measurementbecomesorientedalongthedirectionalvectoroftheorthogonalguideline.Ifa 

newmeasurementisstartedfromtheinitialmeasurement'ssecondpointtheorthogonal 
U 

guidelineusesthatpoint'sorientationtoextendalongthesamedirectionalvector.Thenew 

measurementcanthenbecompletedalongtheguidelinemakingitcollinearwiththeinitial 

measurement.  

[0025]Itshouldbeunderstoodthatthesystem10allowstheseconduser18toremotely 

remotedevice16cantransmitasignalviaavideoclient'sservertothefirstuser11and/or 

themobiledevice12requestingthatthefirstuser11and/orthemobiledevice12adda 

measurementpoint.Thefirstuser11and/orthemobiledevice12receivesthissignaland 

executestheoperationtoaddameasurementpointonbehalfoftheseconduser18.This 

signaltransmissioncanalsobeutilizedtoremotelyinitiateandcloseameasurementtool 

selectthetypeofmeasurementtobeconductedchangeaunitofmeasurementandmodify 

ordiscardacapturedpoint.  
U 

[0026]Instep122,thesystem10determinesadistancebetweenthecapturedpoints.In 

particularthesystemcandeterminethedistancebetweentwopointsbyapplyingadistance 

formulafromthethree-dimensionalcoordinatesofeachpoint.Instep124,thesystem10 

labelsanddisplaysthe U distancebetweenthecapturedpoints.Itshouldbe 

positionapointontheaugmentedrealityscene.Inparticulartheseconduser18and/orthe
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understoodthatthesystem10cancarryoutdifferentoperationsforlabelinganddisplaying 

thedetermineddistancebetweentwopointsbasedonanoperatingsystemexecutingonthe 

mobiledevice12.  

[0027]ForexampleifiOSisexecutingonthemobiledevice12,thenthedistanceforthe 

linemeasurementisdisplayedinalabelusingshapeandlabelnodesformtheApple 

SpriteKitlibrary.Whenalinemeasurementispending(indicatedbyasolidlineoradashed 

line)themeasurementlabelispositionedontheguidelinenogreaterthanfourtimesthe 

label'swidthfromthereticleoritispositionedabovethereticlethuskeepingtheline 

measurementvisibleonthescreenuntilthelinemeasurementiscomplete.Oncealine 

measurementiscompleteasolidlineisplacedbetweenthetwopointsintwo-dimensional 

space.Whenthelinemeasurementiscompletethelabelispositionedatamidpointofthe 

lineinthree-dimensionalspacewiththemidpointdeterminedbyusingamidpointsegment 

formula.Measurementscanbedisplayedinfeetandinchesormetersand/orcentimeters 

dependingontheregionsettingsofthemobiledevice11ortheconfigurationoverridesetin 

amenuonthesystem10.  

[0028]InanotherexampleifAndroidisexecutingonthemobiledevice12,thenthesystem 

10cancreateaviewthatcanberenderedinthree-dimensionalspacecalledalabelthat 
U 

displaysadistanceofthelinemeasurement. 'Whenalinemeasurementispending 

(indicatedbyasolidlineoradashedline)thelabelisdisplayedandpositionednofurther 
U 

awayfromthereticlethanadefinedmaximumdistancethatmaintainsthelabelvisible 

adjustmentsarerequired. Forrotationadjustmentsthesystem10alignsthelabel'sup 

vectorwiththeupvectorofthecameraofthemobiledevice11andsubsequentlyaligns 

thelabel'sforwardvectorwithitsscreenpointrayvectortherebymaintainingthelabel 

facingthecameraandtiltingwiththecamera.Forsizeadjustmentsthesystem10adjusts 

thelabel'ssizetobeproportionaltoabaseheightandthedistancefromthecamera.Asthe 

cameramovesfurtherawayfromacompletedlinemeasurementthelabelwillincreasein 

size.Oncealinemeasurementiscompleteasolidlineisplacedbetweenthetwopointsin 

three-dimensionalspace.'Whenthelinemeasurementiscompletethelabelispositioned 

atthexyzcoordinatesthatlieinthecenterbetweenthestartandendpointsoftheline 

measurement.Oneveryframetherotationsizeandpositionadjustmentsaremade.  

[0029]Insomeembodimentsthesystem10canextendameasurementalongadifferent 

whilethelinemeasurementispending.Oneveryframerotation sizeandposition
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orthogonalguideline.Thesystem10cangenerateaneworthogonalguidelinethatistitled 

relativetoapreviousorthogonalguideline.Forexamplethereisanon-zeroanglebetween 

theneworthogonalguidelineandthepreviousorthogonalguideline.Anewmeasurement 

canbestartedfromthepreviousmeasurementalongtheneworthogonalguideline.For 

examplethesystem10cancaptureathirdpointalongtheneworthogonalguideline.The 

system10cancalculateadistancebetweenthesecondandthirdpoints.Thesystem10can 

labelanddisplaythedistancebetweenthesecondandthirdpoints.Anexampleisfurther 

describedinFIG.8.  
U 

[0030]FIG.4Billustratesprocessingstepscarriedoutbythesystem10formeasunng 

specificobjectsorfeaturesofastructureviaalinepolygonprismtool.Instep140,the 

system10capturesapointAutilizingareticleoverlayandinstep142,thesystem10 

capturesapointButilizingthereticleoverlay.Itshouldbeunderstoodthatthesystem10 
U 

capturespointsbasedonaninputfromthefirstuser11ortheseconduser18.Thereticle 

canbedefinedbyaformationofthreelinesegmentsorientedalongthelocalx-axisy-axis 

andz-axiscenteredaboutitsorigin.Thesystem10canplaceandorientthereticleby 

executingaraycastoriginatingfromacenterofthedisplayofthemobiledevice12ontoan 

augmentedrealitysceneandpositioningthereticleonagroundplaneatthepositionofthe 

raycastresult.Thereticlecanbeorientedtofaceacameraviewofthemobiledevice12.  

Thisprocesscanberepeatedoneveryframesuchthatthereticleremainscenteredonthe 

displayofthemobiledevice12asthefirstuser11movesaboutaphysicalspace.  

pointAtocloseapolygonformedbypointApointBandtheadditionalpoints.Instep146, 

thesystem10capturesapointCindicativeofaverticaldistanceofaheightofthepolygon 
U 

prism.Theninstep148,thesystem10determinesgeometricalparametersofthepolygon 

prismsuchasaperimeterandanareaofeachfaceofthepolygonprismandavolumeof 

thepolygonprism.Forexampleandwithrespecttoarectangularmeasurementthesystem 

10determinesaperimeterofarectangularplanebyapplying aperimeterformulaofa 

rectangleanddeterminesanareaoftherectangularplanebyapplyinganareaformulaofa 

rectangle.Additionallyitshouldbeunderstoodthatthesystem10canoptionallymerge 

coplanarpolygonswhereapolygonreferstoaclosednon-self-intersectingpathformedby 

anorderedlistofcoplanarvertices.Thesystem10canmergetwopolygonsbypositioning 

afirstpolygononagroundplanepositioningasecondpolygononthegroundplanesuch 

[0031JInstep144,thesystemcapturesadditionalpointsandlinkstheadditionalpointsto
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thatitoverlapswiththefirstpolygonanddeterminingaunionbetweenthefirstandsecond 

polygons.Thesystem10canmergeanadditionalpolygonbydeterminingaunionbetween 

theadditionalpolygonandthemergedfirstandsecondpolygons.Inthiswaythesystem 

10canmergeanynumberofpolygons.Thesystem10canremoveasectionfromthefirst 

polygonormergedpolygonsbycreatingapolygonwithintheinterioroftheexisting 

polygonwhereatleastonesideofthepolygonsnapstotheperimeteroftheexistingpolygon 

andnosideoftheadditionalpolygonextendsbeyondtheperimeteroftheexistingpolygon.  

Alinetoolcancreateafaceofthepolygonthatisnot90degreesbymarkingapointonone 

faceofthepolygonandmarkinganotherpointonadifferentfaceofthepolygon.Withthis 

combinationoftoolsapolygonwithvaryingshapescanbecreated.  

[0032]Instep150,thesystem10determineswhethertoexcludeanareafromafaceofthe 

polygonprism.Ifthesystem10determinesnottoexcludeanareafromafaceofthepolygon 

prismthentheprocessends.Alternativelyifthesystem10determinestoexcludeanarea 

fromafaceofthepolygonprismthentheprocessproceedstostep152.Instep152,the 

system10capturesapointDutilizingthereticleoverlayatafirstcorner.Theninstep154, 

thesystem10capturesapointButilizingthereticleoverlayatasecondcornerdiagonally 

acrossthesameplaneofpointD.Instep156,thesystem10determinestheareabounded 

bythepointsandexcludesthedeterminedareafromthepolygonprismfaceand 

subsequentlytheprocessreturnstostep150.  
U 

[0033]FIG.4Cillustratesprocessingstepscarriedoutbythesystem10formeasunng 

system10capturesapointAutilizingareticleoverlayatafirstcornerandinstep172,the 

system10capturesapointButilizingthereticleoverlayatasecondcornerdiagonallyacross 

ahorizontalplaneofafaceoftheprism.Itshouldbeunderstoodthatthesystem10captures 

pointsbasedonaninputfromthefirstuser11ortheseconduser18.Asmentionedabove 

thereticlecanbedefinedbyaformationofthreelinesegmentsorientedalongthelocalx

axisy-axisandz-axiscenteredaboutitsoriginandcanbepositionedandorientedby 

executingaraycastoriginatingfromacenterofthedisplayofthemobiledevice12ontoan 

augmentedrealityscene.Inparticularsteps170and172relatetoarectangularmeasurement.  

Thesystem10positionsafirstvertexonafirstcornerofadetectedfloorplaneandasecond 
U 

vertexonasecondcornerofthefloorplaneandlocksanonentationofthereticlesand 

utilizesthe U ofthereticlesaslocalcoordinatesystemsorigin.Fromthesetwo 

specificobjectsorfeaturesofastructureviaarectanglepolygonprismtool.Instep170,the
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verticesarectangularplanecanbedrawn.Thesystem10determinesacenterofthe 

rectangularplanefromamidpointbetweenthetwovertices.Thesystem10determinesa 

widthoftherectangularplanefromthex-componentofthesecondvertexandalengthof 

therectangularplanefromthey-componentofthesecondvertex.  

[0034]Instep174,thesystem10determineswhetherthereareadditionalhorizontalplanes 

tocapture.Ifthesystem10determinesthatthereareadditionalhorizontalplanestocapture 

thentheprocessreturnstostep170.Alternativelyifthesystem10determinesthatthereare 

notadditionalhorizontalplanestocapturethentheprocessproceedstostep176.Instep 

176,thesystem10capturesatleastonepointCindicativeofaverticaldistanceofaheight 

ofthepolygonprism.Itshouldbeunderstoodthatthesystem10cancarryoutdifferent 

operationsforverticaland/orhorizontalplanesnappingbasedonanoperatingsystem 

executingonthemobiledevice12.  

[0035]ForexampleifaniOSoperatingsystemisexecutingonthemobiledevice12,then 

whenaverticalplaneisdetectedthesystem10canextendaboundingboxthereoftoincrease 

alikelihoodofplaneintersectionstofacilitatehittesting.Oncethereticleispositionedona 

groundplanethesystem10canexecuteahittestalonganx-axislinesegmentandaz-axis 

linesegmentofthereticle.Ifthesystem10detectsaverticalplanethenthesystem10can 

positionthereticleatthepositionofthehittestandorientthereticlealongasurfaceofthe 

detectedverticalplane.Thesystem10canexecuteanotherhittestalongthelinesegment 

thatisorientedalongthesurfaceofthefirstdetectedplanetodetectifthereticleintersects 

thereticleatthepositionoftheresultinghittest.  

[0036JInanotherexampleifAndroidoperatingsystemisexecutingonthemobile 

device12,thenthesystem10determinesalllinesinthree-dimensionalspacewhere 

horizontalandverticalplanesintersectandaddsaguidelineateachoftheintersectionswith 

acollisionboxthatislargerthantheactualrenderedguideline.Thenthesystem10executes 

araycasthittestfromacenterofthedisplayofthemobiledevice12.Ifaresultoftheraycast 

hitstheguidelinethenthesystem10cansnaptoacorrespondingpositiononthehorizontal 

planewheretheplanesintersect.  

[0037]Theninstep178,thesystem10determinesaperimeterandanareaofeachfaceof 

thepolygonprismandavolumeofthepolygonprism.Forexampleandwithrespecttoa 

rectangularmeasurementthesystem10determinesaperimeterofarectangularplaneby 

withasecondplane.Ifthesystem10detectsasecondplanethenthesystem10canposition
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U 

applyingaperimeterformulaofarectangleanddeterminesanareaoftherectangularplane 

byapplyinganareaformulaofarectangle.Additionallyitshouldbeunderstoodthatthe 

system10canoptionallymergecoplanarpolygonswhereapolygonreferstoaclosednon

self-intersectingpathformedbyanorderedlistofcoplanarvertices.Thesystem10canmerge 

twopolygonsbypositioningafirstpolygononagroundplanepositioningasecondpolygon 

onthegroundplanesuchthatitoverlapswiththefirstpolygonanddeterminingaunion 

betweenthefirstandsecondpolygons.Thesystem10canmergeanadditionalpolygonby 

determiningaunionbetweentheadditionalpolygonandthemergedfirstandsecond 

polygons.Inthiswaythesystem10canmergeanynumberofpolygons.Thesystem10 

canremoveasectionfromthefirstpolygonormergedpolygonsbycreatingapolygon 

withintheinterioroftheexistingpolygonwhereatleastonesideofthepolygonsnapstothe 

perimeteroftheexistingpolygonandnosideoftheadditionalpolygonextendsbeyondthe 

perimeteroftheexistingpolygon.Alinetoolcancreateafaceofthepolygonthatisnot90 

degreesbymarkingapointononefaceofthepolygonandmarkinganotherpointona 

differentfaceofthepolygon.Withthiscombinationoftoolsapolygonwithvaryingshapes 

canbecreated.  

[0038]Instep180,thesystem10determineswhethertoexcludeanareafromafaceofthe 

polygonprism.Alternativelythefirstuser11ortheseconduser18candeterminewhether 

toexcludeanareafromafaceofthepolygonprism.Ifthesystem10(ortheusers11or18) 

U nottoexcludeanareafromafaceofthepolygonprismthentheprocess 

prismthentheprocessproceedstostep182.Instep182,thesystem10capturesapointD 

utilizingthereticleoverlayatafourthcorner.Theninstep184,thesystem10capturesa 

pointButilizingthereticleoverlayatafifthcornerdiagonallyacrossthesameplaneofpoint 

D.Instep186,thesystem10determinestheareaboundedbythepointsandexcludesthe 
U U 

areafromthepolygonpnsmfaceandsubsequentlytheprocessreturnstostep 

180.  

[0039]FIGS.5-11arescreenshotsillustratingoperationofthesystemofthepresent 

disclosure.InparticularFIG.5isascreenshot210ofadisplayofthemobiledevice12 

illustratinghorizontalplanedetectionpositioningandcapturingofapointbasedonthe 

detectedhorizontalplaneandgeneratinganddisplayinganorthogonalguidelinefromthe 

capturedpoint.FIG.6isascreenshot250ofadisplayofthemobiledevice12illustrating 

ends.Alternativelyifthesystem10determinestoexcludeanareafromafaceofthepolygon
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verticalplanedetectionpositioningandcapturingofapointbasedonthedetectedvertical 

planeandgeneratinganddisplayinganorthogonalguidelinefromthecapturedpoint.  

Measurementscanbemadeusingthecapturedpoints.FIG.7isascreenshot270ofadisplay 

ofthemobiledevice12illustratingameasurementofafirstlinesegmentalonganorthogonal 

guidelinealabelofthemeasurementofthefirstlinesegmentandameasurementofa 

secondlinesegmentadjacenttothefirstlinesegmentandalongtheorthogonalguideline.  

FIG.8isascreenshot300ofadisplayofthemobiledevice12illustratingalabeled 

measurementofafirstlinesegmentalongawidthofakitchenislandandalabeled 

measurementofasecondlinesegmentalongaheightofthekitchenislandwhererespective 

pointsofthefirstandsecondlinesegmentsaresnappedinposition.  

[0040]FIG.9isascreenshot330ofadisplayofthemobiledevice12illustrating 

transmissionofanaugmentedrealityviewtoaseconduser18andmeasurementsexecuted 

remotelybytheseconduser18.Asmentionedabovethesystem10canestablishanaudio 

andvideoconnection300betweenthemobiledevice12ofthefirstuser11andtheremote 

device16oftheseconduser18suchthattheseconduser18can Uviewascene(e.g.,an 

augmentedrealityview)displayedonadisplayofthemobiledevice12ofthefirstuser 

11, inthedisplayscreens300,338,and340showninFIG.9.Forexamplethesystem10 

cancaptureacurrentframeofanaugmentedrealityviewdisplayedonthedisplayofthe 

mobiledevice12asanimageconverttheimagetoapixelbufferandtransmitthepixel 

buffertotheremotedevice16utilizingavideoclientSDK.Thistransmissionoccursseveral 

displayedonthedisplayofthemobiledevice12.  

[0041JAsshowninFIG.9,afirstuser11(e.g.,ThomasJones)canshareanA/Vconnection 

withaseconduser18(e.g.,EricTaylor)viaavideocollaborationportal332.Assuchthe 

seconduser18canviewaugmentedrealityviews300,338and340asdisplayedonadisplay 

ofthemobiledevice12ofthefirstuser11andremotelyexecutemeasurementsofanobject 

orfeaturepresentintheaugmentedrealityviews300,338and340.Thesystem10can 

transmitthesemeasurementstotheserver14.Itshouldbeunderstoodthatthefirstuser11 

ortheseconduser18canterminatethesharedA/Vconnection.Forexamplethefirstuser 

11canterminatethesharedA/Vconnectionfromthemobiledevice12ortheseconduser 

18canterminatethesharedA/Vconnectionfromthevideocollaborationportal332by 

selectingtheendcallbutton342.Themeasurementstransmittedtotheserver14are 

timespersecondtherebyyieldingalivevideostreamofthelocalaugmentedrealityview
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accessibletotheseconduser18afterterminationoftheA/Vconnection.  

[0042]FIG.10isascreenshot360ofadisplayofthemobiledevice12illustratingreticle 

placementandorientationforroommeasurementsandrectangularmeasurementsand 
U 

mergingcoplanarpolygons.AsshowninFIG.10,thereticle362isplacedinacenterofa 

groundplaneandcoplanarpolygonsAandBaremergedalonganadjacentside.Ascanbe 

seenusingthesetoolsaccuratefloormeasurementsandfloorplanscanbegenerated.  

[0043]FIG.11isascreenshot400ofadisplayofthemobiledevice12illustratingreticle 

placementandorientationforverticalplanesnappingusingtools402and404.  

[0044]Itisnotedthattheaugmentedrealityscenedisclosedhereincanbedisplayedby 

eitherorbothofthemobiledevice(e.g.,ofthefirstuser)andtheremotedevice(e.g.,of 

theseconduser).Moreoverthevarioustoolsandprocessesdisclosedhereincouldalsobe 

accessedutilizedand/orexecutedbyeitherorbothofthemobiledeviceandtheremote 

devicethuspermittingflexibleaugmentedrealityvisualizationandcollaborationusing 

eitherorbothofthedevices.  

[0045]FIG.12adiagramillustratinganotherembodimentofthesystem500ofthepresent 

disclosure.InparticularFIG.12illustratesadditionalcomputerhardwareandnetwork 

componentsonwhichthesystem500couldbeimplemented.Thesystem500canincludea 

pluralityofcomputationsewers502a-502nhavingatleastoneprocessorandmemoryfor 

executingthecomputerinstructionsandmethodsdescribedabove(whichcouldbeembodied 

assystemcode20).Thesystem500canalsoincludeapluralityofimagestorageservers 

pluralityofcameradevices506a-506nforcapturingimagedataand/orvideodata.For 

examplethecameradevicescanincludebutarenotlimitedtoapersonaldigitalassistant 

506aatablet506bandasmartphone506n.Thecomputationservers502a-502ntheimage 

storageservers504a-504nthecameradevices506a-506nandtheremotedevice16can 

communicateoveracommunicationnetwork508.Ofcoursethesystem500neednotbe 

implementedonmultipledevicesandindeedthesystem500couldbeimplementedona 

singlecomputersystem(e.g.,apersonalcomputerservermobilecomputersmartphone 

etc.)withoutdepartingfromthespiritorscopeofthepresentdisclosure.  

504a-504nforreceivingimagedataand/orvideodata.Thesystem500canalsoincludea
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[0046]Havingthusdescribedthesystemandmethodindetailitistobeunderstoodthatthe 
U 

foregoingdescriptionisnotintendedtolimitthespiritorscopethereofItwillbeunderstood 

thattheembodimentsofthepresentdisclosuredescribedhereinaremerelyexemplaryand 

thatapersonskilledintheartcanmakeanyvariationsandmodificationwithoutdeparting 

fromthespiritandscopeofthedisclosure.Allsuchvariationsandmodificationsincluding 

thosediscussedaboveareintendedtobeincludedwithinthescopeofthedisclosure.What 

isdesiredtobeprotectedbyLettersPatentissetforthinthefollowingClaims.
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CLAIMS 

1. Acollaborativeaugmentedrealitysystemformeasuringobjectscomprising: 

amemory:and 

aprocessorincommunicationwiththememorytheprocessor: 

establishinganaudioandvideoconnectionbetweenamobiledeviceofafirst 

userandaremotedeviceofaseconduserwherebyatleastonethefirstorsecond 

userscanviewanaugmentedrealityscenedisplayedonadisplayofatleastoneof 

themobiledeviceofthefirstuserortheremotedeviceoftheseconduser* 

receivingameasurementtoolselectiontomeasureanobjectorfeature 

presentinthescenedisplayedonthedisplay: 

detectingaplaneforthescenedisplayedonthedisplay: 

determiningameasurementoftheobjectorfeaturebasedonthereceived 

measurementtoolselection*and 

transmittingthemeasurementoftheobjectorfeaturetoaserver.  

2. Thesystemofclaim1 whereintheprocessorestablishestheaudioandvideo 

connectionby: 

capturingacurrentframeofthescenedisplayedonthedisplayasanimage: 

convertingtheimagetoapixelbuffer*and 

transmittingthepixelbuffertotheremotedevice.  

3. Thesystemofclaim1whereintheprocessordetectstheplaneforthesceneby: 

orhorizontalplane:and 

determiningwhetheraverticalorhorizontalplaneisdetected.  

4. Thesystemofclaim3whereintheprocessorfurtherperformsthestepsof: 

determiningthatoneormoreverticalorhorizontalplanesaredetected*and 

selectinganearestdetectedverticalorhorizontalplanerelativetothecenterofthe 

display.  

5. Thesystemofclaim3whereintheprocessorfurtherperformsthestepsof: 

determiningthatnoverticalorhorizontalplanesaredetected* 

executingasecondraycastoriginatingfromthecenterofthedisplaytodetectan 

infinitehorizontalplane:and 

determiningwhetheraninfinitehorizontalplaneisdetected.  

executingafirstraycastoriginatingfromacenterofthedisplaytodetectavertical
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6. Thesystemofclaim5 whereintheprocessorfurtherperformsthestepsof: 

determiningthatoneormoreinfinitehorizontalplanesaredetected:and 

selectingafarthestinfinitehorizontalplanerelativetothecenterofthedisplay.  

pie Thesystemofclaim5 whereintheprocessorfurtherperformsthestepsof: 

determiningthatnoinfinitehorizontalplanesaredetected* 

executingathirdraycastoriginatingfromthecenterofthedisplaytodetectan 

infiniteverticalplane~and 

selectinganearestdetectedinfiniteverticalplanerelativetothecenterofthedisplay 

basedondeterminingthatoneormoreinfiniteverticalplanesaredetected.  

8. Thesystemofclaim1whereintheprocessordetectstheplaneforthescenebased 
U 

onanoperatingsystem.  

9. Thesystemofclaim1, whereintheprocessordeterminesthemeasurementofthe 

objectorfeatureby: 

capturingatleasttwopointsindicatedbyareticleoverlaywhereintheatleasttwo 

pointsareassociatedwiththeobjectorfeature* 

determiningadistancebetweenthecapturedpoints* and 

labelinganddisplayingthedetermineddistancebetweenthecapturedpoints.  

10. Thesystemofclaim9whereintheprocessorcapturestheatleasttwopointsby: 

positioningafirstpointontotheaugmentedrealtyscenebasedonpointsofthe 

detectedplane* 

toasurfacehavingthefirstpoint:and 

positioningasecondpointbasedontheorthogonalguideline.  

11. Thesystemofclaim10,whereintheprocessorfurtherperformsthestepsof: 

generatinganadditionalorthogonalguidelinebasedonthesecondpointwhereinthe 

additionalorthogonalguidelineistiltedrelativetotheorthogonalguideline: 

positioningathirdpointalongtheadditionalorthogonalguideline* 

determiningadistancebetweenthesecondandthirdpoints*and 

labelinganddisplayingthedetermineddistancebetweenthesecondandthirdpoints.  

generatinganorthogonalguidelinetomeasureasecondpointinadirectionnormal
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12. Thesystemofclaim9,whereintheprocessorcapturestheatleasttwopointsby: 

snappingtoafirstpoint: 

snappingtoanorthogonalguidelinetocaptureasecondpoint: 

snappingtoaplaneontheorthogonalguideline*and 

extendingafirstmeasurementalongtheorthogonalguidelinetocaptureasecond 

measurementstartingfromthesecondpointwhereinthefirstmeasurementincludesthefirst 

pointandthesecondpoint.  

13. Thesystemofclaim12,whereintheprocessorsnapstothefirstpointby: 

executingaraycasthittestoriginatingfromacenterofthedisplay: 

updatingaworldpositionofthereticleoverlaytobeaworldpositionofanexisting 

pointonthedetectedplanebasedondeterminingthattheraycasthittesthitstheexisting 
U 

point:or 

updatingaworldpositionofthereticleoverlaytoapositionwheretheraycasthit 

testhitsaplanebasedondeterminingthatnoexistingpointonthedetectedplaneishit, 

whereintheupdatedworldpositionofthereticleoverlayisindicativeofaposition 

ofthefirstpoint.  

14. Thesystemofclaim12,whereintheprocessorsnapstotheorthogonalguidelineto 

capturethesecondpointby: 

executingaraycasthittestoriginatingfromacenterofthedisplay: 

updatingapositionofthereticleoverlaytobeahitpositionadjustedtoadirection 

guidelineishitwhereinthehitpositionisprojectedontoavectorindicativeofthedirection 

oftheorthogonalguideline*or 

updatingapositionofthereticleoverlaytoapositionwheretheraycasthittesthits 

plane 

whereintheupdatedofthereticleoverlayisindicativeofapositionofthesecond 
U 

point.  

oftheorthogonalguidelinebasedondeterminingthatacollisionshapeoftheorthogonal
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15. Thesystemofclaim12,whereintheprocessorsnapstotheplaneontheorthogonal 

guidelineby: 

executingaraycasthittestwithanoriginsettoapositionofthereticleoverlayand 

adirectionsettoadirectionoftheorthogonalguideline*and 

updatingthepositionofthereticleoverlaytoaplanehitpositionbasedon 

determiningthattheplaneishitandadistancefromthepositionofthereticleoverlaytothe 

planehitpositioniswithinathresholddistancerange.  

16. Thesystemofclaim12,whereintheprocessorextendsthefirstmeasurementalong 

theorthogonalguidelinetocapturethesecondmeasurementstartingfromthesecondpoint 

bycapturingathirdpointalongtheorthogonalguidelinewhereinthefirstmeasurementand 

thesecondmeasurementarecollinear.  

17. Thesystemofclaim1, whereintheprocessordeterminesthemeasurementofthe 

objectorfeatureby: 

capturingafirstpointusingareticleoverlay: 

capturingasecondpointusingthereticleoverlay: 

capturingoneormorepointsandlinkingtheoneormorepointstothefirstpointto 

closeapolygonformedbythefirstpointthesecondpointandtheoneormorepoints 

whereinthepolygonisassociatedwiththeobjectorfeature: 

capturingathirdpointindicativeofaverticaldistanceofaheightofapolygonora 

polygonprismformedatleastbythepolygon*and 

18. Thesystemofclaim17,whereintheprocessorfurtherperformsthestepsof: 

determiningtoexcludeanareafromthepolygonorfromafaceofthepolygonprism* 

capturingafourthpointusingthereticleoverlayatafirstcorner* 

capturingafifthpointusingthereticleoverlayatasecondcornerdiagonallyacross 

thesameplaneofthefourthpointwhereinthefirstcornerandthesecondcornerare 

associatedwiththeareatobeexcluded: 

determiningtheareaboundedbythefourthandfifthpoints*and 

excludingthedeterminedareafromthepolygonorfromthefaceofthepolygon 
U 

prism.  

determininggeometricalparametersofthepolygonorthepolygonprism.
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19. Thesystemofclaim17,whereintheprocessorfurtherperformsthestepsof: 

determininganadditionalpolygonthatiscoplanarwiththepolygon*and 

determiningaunionbetweenthepolygonandadditionalpolygon.  

20. Thesystemofclaim1, whereintheprocessordeterminesthemeasurementofthe 

objectorfeatureby: 

capturingafirstpointusingareticleoverlayatafirstcorner* 

capturingasecondpointusingthereticleoverlayatasecondcornerdiagonallyacross 

ahorizontalplaneofafaceofapolygonprismwhereinthefirstcornerandthesecondcorner 

areassociatedwiththeobjectorfeature*and 

determiningwhetherthereareadditionalhorizontalplanestocapture.  

21. Thesystemofclaim20,whereintheprocessorfurtherperformsthestepsof: 

capturingathirdpointindicativeofaverticaldistanceofaheightofthepolygon 

prismbasedondeterminingthattherearenotadditionalhorizontalplanestocapture*and 

determininggeometricalparametersofthepolygonprism.  

22. Thesystemofclaim21,whereintheprocessorfurtherperformsthestepsof: 

determiningtoexcludeanareafromafaceofthepolygonprism* 

capturingafourthpointusingthereticleoverlayatafourthcorner* 

capturingafifthpointusingthereticleoverlayatafifthcornerdiagonallyacrossthe 

sameplaneofthefourthpointwhereinthefourthcornerandthefifthcornerareassociated 

withtheareatobeexcluded~ 

excludingthedeterminedareafromthefaceofthepolygonprism.  

23. Acomputer-implementedmethodforcollaborativeaugmentedrealitymeasurements 

comprising: 

establishinganaudioandvisualconnectionbetweenamobiledeviceofafirstuser 

andaremotedeviceofaseconduserwherebyatleastoneofthefirstorseconduserscan 

viewanaugmentedrealityscenedisplayedonadisplayofatleastoneofthemobiledevice 

ofthefirstuserortheremotedeviceoftheseconduser* 

receivingameasurementtoolselectiontomeasureanobjectorfeaturepresentinthe 

scenedisplayedonthedisplay: 

detectingaplaneforthescenedisplayedonthedisplay: 

determiningameasurementoftheobjectorfeaturebasedonthereceived 

determiningtheareaboundedbythefourthandfifthpoints*and
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measurementtoolselection*and 

transmittingthemeasurementoftheobjectorfeaturetoaserver.  

24. Thecomputer-implementedmethodofclaim23whereinthestepofestablishingthe 

audioandvideoconnection U 

composes: 
capturingacurrentframeofthescenedisplayedonthedisplayasanimage: 

convertingtheimagetoapixelbuffer*and 

transmittingthepixelbuffertotheremotedevice.  

25. Thecomputer-implementedmethodofclaim23, whereinthestepofdetectingthe 

planeforthescenecomprises: 

executingafirstraycastoriginatingfromacenterofthedisplaytodetectavertical 

orhorizontalplane:and 

determiningwhetheraverticalorhorizontalplaneisdetected.  

26. Thecomputer-implementedmethodofclaim25,furthercomprising: 

determiningthatoneormoreverticalorhorizontalplanesaredetected*and 

selectinganearestdetectedverticalorhorizontalplanerelativetothecenterofthe 

display.  

27. Thecomputer-implementedmethodofclaim25,furthercomprising: 

determiningthatnoverticalorhorizontalplanesaredetected* 

executingasecondraycastoriginatingfromthecenterofthedisplaytodetectan 

infinitehorizontalplane:and 

28. Thecomputer-implementedmethodofclaim27,furthercomprising: 

determiningthatoneormoreinfinitehorizontalplanesaredetected:and 

selectingafarthestinfinitehorizontalplanerelativetothecenterofthedisplay.  

29. Thecomputer-implementedmethodofclaim27,furthercomprising: 

determiningthatnoinfinitehorizontalplanesaredetected* 

executingathirdraycastoriginatingfromthecenterofthedisplaytodetectan 

infiniteverticalplane:and 

selectinganearestdetectedinfiniteverticalplanerelativetothecenterofthedisplay 

basedondeterminingthatoneormoreinfiniteverticalplanesaredetected.  

30. Thecomputer-implementedmethodofclaim23whereindetectingtheplaneforthe 

sceneisbasedonanoperatingsystem.  

determiningwhetheraninfinitehorizontalplaneisdetected.
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31. Thecomputer-implementedmethodofclaim23whereinthestepofdeterminingthe 

measurementoftheobjectorfeaturecomprises: 

capturingatleasttwopointsindicatedbyareticleoverlaywhereintheatleasttwo 

pointsareassociatedwiththeobjectorfeature* 

determiningadistancebetweenthecapturedpoints* and 

labelinganddisplayingthedetermineddistancebetweenthecapturedpoints.  

32. Thecomputer-implementedmethodofclaim31whereinthestepofcapturingtheat 

leasttwopointscomprises: 

positioningafirstpointontotheaugmentedrealtyscenebasedonpointsofthe 

detectedplane* 

generatinganorthogonalguidelinetomeasureasecondpointinadirectionnormal 

toasurfacehavingthefirstpoint:and 

positioningasecondpointbasedontheorthogonalguideline.  

33. Thecomputer-implementedmethodofclaim32,furthercomprising: 

generatinganadditionalorthogonalguidelinebasedonthesecondpointwhereinthe 

additionalorthogonalguidelineistiltedrelativetotheorthogonalguideline: 

positioningathirdpointalongtheadditionalorthogonalguideline* 

determiningadistancebetweenthesecondandthirdpoints*and 

labelinganddisplayingthedetermineddistancebetweenthesecondandthirdpoints.  

34. Thecomputer-implementedmethodofclaim31whereintheprocessorcapturesthe 

snappingtoafirstpoint: 

snappingtoanorthogonalguidelinetocaptureasecondpoint: 

snappingtoaplaneontheorthogonalguideline*and 

extendingafirstmeasurementalongtheorthogonalguidelinetocaptureasecond 

measurementstartingfromthesecondpointwhereinthefirstmeasurementincludesthefirst 

pointandthesecondpoint.  

atleasttwopointsby:
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35. Thecomputer-implementedmethodofclaim34whereinthestepofsnappingtothe 
firstpoint U 

composes: 

executingaraycasthittestoriginatingfromacenterofthedisplay: 

updatingaworldpositionofthereticleoverlaytobeaworldpositionofanexisting 

pointonthedetectedplanebasedondeterminingthattheraycasthittesthitstheexisting 
U 

polnt*or 

updatingaworldpositionofthereticleoverlaytoapositionwheretheraycasthit 

testhitsaplanebasedondeterminingthatnoexistingpointonthedetectedplaneishit, 

whereintheupdatedworldpositionofthereticleoverlayisindicativeofaposition 

ofthefirstpoint.  

36. Thecomputer-implementedmethodofclaim34whereinthestepofsnappingtothe 

orthogonalguidelinetocapturethesecondpointcomprises: 

executingaraycasthittestoriginatingfromacenterofthedisplay: 

updatingapositionofthereticleoverlaytobeahitpositionadjustedtoadirection 

oftheorthogonalguidelinebasedondeterminingthatacollisionshapeoftheorthogonal 

guidelineishitwhereinthehitpositionisprojectedontoavectorindicativeofthedirection 

oftheorthogonalguideline*or 

updatingapositionofthereticleoverlaytoapositionwheretheraycasthittesthits 

plane 

whereintheupdatedofthereticleoverlayisindicativeofapositionofthesecond 
U 

37. Thecomputer-implementedmethodofclaim34whereinthestepofsnappingtothe 

planeontheorthogonalguidelinecomprises: 

executingaraycasthittestwithanoriginsettoapositionofthereticleoverlayand 

adirectionsettoadirectionoftheorthogonalguideline*and 

updatingthepositionofthereticleoverlaytoaplanehitpositionbasedon 

determiningthattheplaneishitandadistancefromthepositionofthereticleoverlaytothe 

planehitpositioniswithinathresholddistancerange.  

point.
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38. Thecomputer-implementedmethodofclaim34whereinthestepofsnappingtothe 

planeontheorthogonalguidelinecomprises: 

executingaraycasthittestwithanoriginsettoapositionofthereticleoverlayand 

adirectionsettoanegateddirectionoftheorthogonalguideline*and 

updatingthepositionofthereticleoverlaytoaplanehitpositionbasedon 

determiningthattheplaneishitandadistancefromthepositionofthereticleoverlaytothe 

planehitpositioniswithinathresholddistancerange.  

39. Thecomputer-implementedmethodofclaim34,whereinthestepofextendingthe 

firstmeasurementalongtheorthogonalguidelinetocapturethesecondmeasurementstarting 

fromthesecondpointcomprisescapturingathirdpointalongtheorthogonalguideline 

whereinthefirstmeasurementandthesecondmeasurementarecollinear.  

40. Thecomputer-implementedmethodofclaim23whereinthestepofdeterminingthe 

measurementoftheobjectorfeaturecomprises: 

capturingafirstpointusingareticleoverlay: 

capturingasecondpointusingthereticleoverlay: 

capturingoneormorepointsandlinkingtheoneormorepointstothefirstpointto 

closeapolygonformedbythefirstpointthesecondpointandtheoneormorepoints 

whereinthepolygonisassociatedwiththeobjectorfeature: 

capturingathirdpointindicativeofaverticaldistanceofaheightofapolygonora 

polygonprismformedatleastbythepolygon*and 

41. Thecomputer-implementedmethodofclaim40,furthercomprising: 

determiningtoexcludeanareafromthepolygonorfromafaceofthepolygonprism* 

capturingafourthpointusingthereticleoverlayatafirstcorner* 

capturingafifthpointusingthereticleoverlayatasecondcornerdiagonallyacross 

thesameplaneofthefourthpointwhereinthefirstcornerandthesecondcornerare 

associatedwiththeareatobeexcluded: 

determiningtheareaboundedbythefourthandfifthpoints*and 

excludingthedeterminedareafromthepolygonorfromthefaceofthepolygon 
U 

prism.  

determininggeometricalparametersofthepolygonorthepolygonprism.
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42. Thecomputer-implementedmethodofclaim40,furthercomprising: 

determininganadditionalpolygonthatiscoplanarwiththepolygon*and 

determiningaunionbetweenthepolygonandadditionalpolygon.  

434 Thecomputer-implementedmethodofclaim22whereinthestepofdeterminingthe 

measurementoftheobjectorfeaturecomprises: 

capturingafirstpointusingareticleoverlayatafirstcorner* 

capturingasecondpointusingthereticleoverlayatasecondcornerdiagonallyacross 

ahorizontalplaneofafaceofapolygonprismwhereinthefirstcornerandthesecondcorner 

areassociatedwiththeobjectorfeature*and 

determiningwhetherthereareadditionalhorizontalplanestocapture.  

44. Thecomputer-implementedmethodofclaim43,furthercomprising: 

capturingathirdpointindicativeofaverticaldistanceofaheightofthepolygon 

prismbasedondeterminingthattherearenotadditionalhorizontalplanestocapture*and 

determininggeometricalparametersofthepolygonprism.  

45. Thecomputer-implementedmethodofclaim44,furthercomprising: 

determiningtoexcludeanareafromafaceofthepolygonprism* 

capturingafourthpointusingthereticleoverlayatafourthcorner* 

capturingafifthpointusingthereticleoverlayatafifthcornerdiagonallyacrossthe 

sameplaneofthefourthpointwhereinthefourthcornerandthefifthcornerareassociated 

withtheareatobeexcludet 

excludingthedeterminedareafromthefaceofthepolygonprism.  

determiningtheareaboundedbythefourthandfifthpoints*and
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