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SFS Qh representtion of the lol sene using impostors F F F F F F F F F F F F F IPR SFT pirst testsF hi'erent steps of the orienttions F F F F F F F F F F F F F F F F F IPS SFU invironment mp sle hngeD ltitude hnge F F F F F F F F F F F F F F F F IPT SFV pirst testsX result the method using only Ph informtion with ry olor F F F IQH SFW pirst testsX result using Ph rys9 de(nition on seneD light pth from the shdow to the referene ojet F F F F F F F F F F F F F F IQI SFIH pirst testsX result using Ph informtion for rys9 de(nitionD di'erent light pro(les F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F IQP SFII pirst tests using Ph informtion for rys9 de(nitionD speil ses F F F F F F IQQ SFIP qood resultsX method using impostor for the rys9 de(nitionD light pth from the shdow to the lightD referene ojet F F F F F F F F F F F IQR SFIQ qood resultX method using impostor for the rys9 de(nitionD signtionsF v di'érene de dénomintion peut venir de l tehnique d9quisition @omme pour chrome sphere ou mirror ball AD des tehniques de représenttion @omme pour equirectangular image AD du domine @omme pour cube map lrgement utilisé en renduAD des utilistions @omme pour panorama pour utilistion visuelleAD etcF h9utres termes désiE gnent l fontion ou les propriétés de et outil @omme image sphériqueD image à 360 1.6 Addendum fellowD we list synonyms nd ronyms used to desrie the environment map oneptF sn the litertureD the di'erent ommunities n nme the environment map using di'erent designtionsF he nming di'erene n ome from the quisition tehnique @s for chrome sphere or mirror ball AD representtion tehniques @s for equirectangular image AD the domin @s for cube map lrgely used in enderingAD the uses @s for panorama for visul usesAD etcF yther term design the funtion or properties of this tool @s spherical imageD 360 • image or wide angle image AF ome hoies of the terms re generi nd other spei( to dominF ome terms n refer to linked onepts @s the term of lumisphere for exmple whih lso design )uoresent ellulr mteril rVHAF pinllyD we n suppose tht this list is not QH exhustiveF sndeedD due to the diversities of domins using environment mps nd their diversity of representtions @see (gure IFIAD the numers of used terms inreseD nd we nnot e sure to referene every term in this listF Environment map synonyms and acronyms: v diversité des représenttions de es imges s9explique pr l grnde diversité des données d9entrée et des usges fits de et outilF i l9ojetif est de fournir un environneE ment gréle pour une sène Qh @une vue d9rhiteteD pr exempleA et non d9voir une représenttion préise de l lumière entrnteD une représenttion uique est su0snteF snversementD si le ut est d9inlure des ojets dns l sène pour une pplition de rélité ugmentéeD virtuelle ou mixte et de fournir une onne immersion à l9utilisteurD une rte d9environnement sphérique omplète est lors préférleF hns l (gure PFID di'érentes représenttions de rtes environnementles sont présenE téesF he hut en sD de guhe à droite X une imge sphérique équiretngulire @PFID A pturée à l9ide d9une mér QTH dns fgh + IQD une représenttion uique @PFID A et s représenttion ppltie ssoiée issue de vuIHD un pnorm ylindrique @PFID A issu de r + ISF ient ensuite une rte d9environnement zenithle @PFID dA issue de uánISD une imge pturée à l9ide d9une sphère hromée @PFID eA issue de txvIHF v dernière ligne présente une rte d9environnement sphérique virtuelle @PFID fA issue de gII et une imge proliqueD sphériqueD et une représenttion sur une sphère @PFID gA de l même sène issue de whHTF ves imges pnormiques ou grnd ngle insi otenues présentent un vntge pr rpE port ux imges 4lssiques4 @ou à file hmp de visionA dns l fçon dont l9utilisteur ppréhende les sènes mis ussi pour le tritement informtiqueF in e'etD l9informtion est omplète tnt pour les éléments présents dns l sène que pour l ompréhension de l9illumintionF gette rtéristique permet une meilleure ompréhension de l9environneE QU ment et don de meilleures possiilités d9utilistionF r exempleD l9insertion d9un ojet dns une sène d9une mnière ohérente est possileD prennt en ompte l onne diretion des omres pr rpport ux ojets présents dns l sène et les positions de l soure lumineuseD en tennt ompte de l ouleur de l lumièreD de l ré)exionD de l9olusion de l9ojet ou des omres de l9ojet près de l9ojet inséréF ns ette onnissneD l9ojet dénote pr rpport u reste de l sène et le résultt est de moindre qulitéF hns e ontexteD l sène peut être divisée en deux prties X l sène loleD qui l9ngle de vue d9une mér et ontient l région d9intérêtD et un environnement @ou sène gloleA et l rte d9environnementD représentnt l9environnementF hns les di'érents trE vux présentés dns e mnusritD di'érents termes peuvent être utilisés pour dé(nir les imges QTH • X omnidiretionnelleD sphérique ou pnormiqueD pnormD grnd ngle ou grnd ngleF hns e rpport de thèseD nous préférerons le terme générique de rte d9enE vironnement @ou environment map en englisA pour les dé(nirF Étnt donné qu9une rte d9environnement est une imge QTH • D elle ontient don toutes les informtions de l sène qui nous intéresseF ges informtions peuvent être diverses X informtions sur le pysgeD l lumière ou l géométrie de l sèneF ves informtions utiles dépendent de l9utilistion fite de l rte d9environnementF n perçu détillé de l9utiliE stion des rtes de l9environnement est présenté dns l setion PFSF hns les di'érentes sousEsetions de et étt de l9rtD l9informtion utile n9est ps forément l mêmeF he plusD dns plusieurs utilistions d9imges pnormiquesD l9imgerie rh peut être utiE lisée pour otenir de meilleurs résulttsF ne imge rh rh + IH est une imge qui présente une lrge gmme d9intensités et peut don être une représenttion orrete pour l9élirgeF ne telle imge présente des informtions dns les zones sousEexposées et surE exposéesF out d9ordD dns l setion PFIFPD nous présentons e qu9est un pnorm et de quelle mnière un pnorm est lié u onept de rte d9environnementF hns l setion suivnteD PFIFQD nous présentons di'érentes méthodes d9quisition de rtes d9environnementF hns l setion PFSD nous disutons des di'érentes utilistions des iwsF in(nD dns l setion PFTD nous présentons des méthodes pour orienter les rtes d9environnement présentes dns l9étt de l9rtF QV 2.1 Environment map -Representation 2.1.1 Introduction en environment mp @or iwA is n imge whih gives informtion on the inoming light of seneF rditionllyD n environment mp is IVH • or QTH • spheril imgeF yther types of possile representtion re ylindril imge or ueEmp whih re lso representtions surrounding the seneF e mer mounted with (shEeye lens is the most ommon devie used to otin suh imgesF enother wy to pture n environment mp is to use hromeElike sphere txvIH heHVF yther devies llow pturing diretly QTH • spheril imgesF por exmpleD ioh het 1 is used in frISD nd devie gthering four qoro 2 mers is exposed in vxIS or vdyug 3 mer in IHF he diversity of representtions of suh imges is explined y the gret diversity of input dt nd their di'erent usgesF sf the gol is to provide plesnt environment for Qh sene @n rhitet viewD for exmpleA ut not to hve preise representtion of the inoming lightD ueEmp representtion is su0ientF gonverselyD if the gol is to inlude ojets in the sene for n ugmentedD virtulD or mixed relity pplition nd to provide etter possile immersion to the userD omplete spheril environment mp is preferleF sn (gure PFID di'erent representtions of environment mps re exposedF op to ottomD left to rightX n equiretngulr spheril environment mp pture @PFID A with QTH mer from fgh + IQD ue mp @PFID A nd ui )ttened representtion from vuIHD ylindril pnorm @PFID A from r + ISF henD zenithl environment mp @PFID dA from uánISD light proe imge @PFID eA from txvIHF he lst line present virtul spheril environment mp @PFID fA from gII nd proliD spheril imgeD nd representtion on sphere @PFID gA of the sme sene from whHTF he pnormi or wideEngle imges thus otined provide n dvntge over the 4lsE sil4 @or low (eldEofEviewA imges in the wy the user pprehends the senes ut lso for the omputer proessingF sndeedD the informtion is omprehensive oth for the elements present in the sene nd for the understnding of illumintionF his hrteristi gives etter understnding of the environment nd thereforeD etter possiilities of useF por exmpleD the insertion of n ojet in sene in oherent wy is possileD inluding the orret diretion of shdows reltively to the ojets present in the sene nd light soure 1 Ricoh Theta website 2 Go pro website 3 Ladybug website QW @A iquiretngulr imgeF fgh + IQ @A gui representtionF vuIH @A gylindril pnormF r + IS @dA enithl representtionF uánIS @eA vight proe imgeF txvIH @fA irtul representtionF gII @gA pheril representtionF whHT pigure PFI ! hi'erent possile representtions of environment mpsF RH positionsD tking into ount light olorD re)etionD ojet olusionD or ojet shdows ner the inserted ojetF ithout this knowledgeD the ojet denotes in omprison with the rest of the seneD nd the result is of lower qulityF sn this ontextD the sene n e divided into two prtsX the local sceneD whih hs the fous of mer nd ontins the region of interestD nd global scene @or enviE ronmentAF sn the vrious work presented hereD di'erent terms n e used to de(ne QTH • imgesX omnidiretionlD spheril or pnormi imgeD pnormD wide or lrge ngle imE geF sn this thesis reportD we will prefer the roder term of environment map to de(ne themF feuse n environment mp is QTH • imgeD it ontins the omplete kground informtion of the seneF his informtion n e vriousX lndspeD lightD or full geomeE try informtionF e pnorm n e ptured s n high dynmi rnge @rhA imgingF en rh imge rh + IH is n imge whih presents lrge rnge of intensities nd thusD n serve s n environment lighting representtionF uh n imge ontins informtion in oth underexposed @drkA nd overexposed @rightA resF pirstD in setion PFIFPD we de(ne pnorm nd explin in whih wy pnorm is linked to the onept of environment mpF sn the next setion @PFIFQAD we present di'erent wys for environment mps quisitionF sn setion PFSD we disuss the di'erent utiliztions of environment mpsF pinllyD in setion PFTD we review stte of the rt methods designed to orientte environment mpF 2.1.2 Panorama of images 2.1.2.1 Mosaicing and stitching of images st is possile to rete pnormi imge from set of imges of the sme seneF ih imge hs to present reovery re @i.eFD overlppingA with the neighor imgesF pinding similrity in overlpping res permits to omine them to generte the pnormi imgeF here re di'erent wys to (nd similr key points in di'erent imgesF por exmpleD sp @leEinvrint feture trnsformD vowWWA or p @peeded p oust peturesD fqHTA lgorithmsD omputes desriptors @or visul feturesAD on relevnt pixels in the imgeF e desriptor is vetor of vlues ontining informtion suh the positionsD sleD or orienttion of the relevnt pixelsF fy ompring theses desriptors in the di'erent imgesD it is possile to link relevnt pixels of n imge with suitle pixels of nother oneF he lst step omputes the homogrphi trnsformtion to pply it nd orrets the di'erent projetions of the two imgesF RI pigure PFP ! norm of reted using set of imgesF gourtesy of fvHUF yther workD y zeliski et alF WUD pply set of trnsformtions to keep onsisteny in the output mosiF hey presents wy to onstrut ylindril pnorm using sequene of imges using ylindril or spheril oordintesD nd generl perspetive trnsformsF hey operte gp losing tehnique to (ll the pnorm nd the potentil holes due to rottion estimtionF hey (nlly present n lgorithm to onvert the mosi into n environment mpF sn zeWTD zeliski et alF rete highEresolution imges using di'erent frmes of video nd lign them to otin mosiF hey otin di'erent styles of mosiD highE resolution imgesD pnormD nd reover prtil depth of the seneF 2.1.2.2 From the panorama to the environment map here is no rel di'erene etween the di'erent representtions of pnorm or environE ment mpF sn the followingD we present di'erent representtions of environment mps whih show struturl di'erenes likes imge representtionD etter visul pereption or hrd disk sizeD ut only the usge done with the environment mp n revel whih repE resenttion is most dptedF por these resonsD there is no di'erene etween pnorm presented here nd environment mp s desried in the next setionsF 2.1.3 Environment map acquisition devices everl devies exist to otin n environment mp s hrome sphere or the stithing of pnorms using set of imges nd softwre whih (nds the orrespondenes etween res to otin unique QTH • imgeF he use of (shEeyes lens whih gives imges with lrger ngle of view n redue the numer of needed imgesF e single imge n e tken if the mer is oriented in the diretion of the zenithF ith thisD we otin good representtion of the inoming lightF sndeedD most of the timeD the relevnt inoming light is positioned on the upper hemisphereF e IVH • representtion of the sene n e su0ient to represent the inoming lightF RP enother wy to diretly otin n environment mp is to use dedited merF wost of the timeD this devie uses (shEeye lenses nd re lredy lirtedF he QTH • mer reretes the spheril imge utomtillyF por some pplitions whih rely on virtul dtD like videogmeD it is possile to rete virtul environment mp using fontionlity of softwre @s f r or ovry ovAF sndeedD suh softwre llows the user to rete virtul senes nd more prtiulrly to prmetrize the virtul merF sn ddition to usul prmeters s positionD diretion or up vetorD the prmeters of mer n e set sX very lrge ngle to pture spheril imgesF 2.1.3.1 Reective sphere e wy to rete n environment mp is to use re)etive sphere pled in the enter of the sene whih re)ets the sene t QTH • s mirror @see (gure PFQAF king suh piture is wy to pture the entire seneF o otin good qulity of the re)eted illumintionD the sphere hs to e pled lose to the merF roweverD the pture devie mer is lso re)eted in the re)etive llF pigure PFQ ! ghrome sphere pturedF gourtesy of txvIHF he photogrpher n remotely ontrol the mer to void to e re)eted in the re)etive sphereF sndeedD s the pture devieD it is not desirle to hve the mermn in the imgeF st is possile to virtully remove the re)etion of the merF por exmpleD the softwre rhshop 4 llowsD from two pitures tken t WH degrees of the sme mirror llD to de(ne two msks exluding the mer in eh imgeD nd to rerete single imge of the sene presenting n environment without the mer 5 F 4 HDRshop website 5 See the HDRshop website, section "tutorials", "Creating a Light Probe Image" to more details. RQ nger et alF qHU use three mers @edD qreenD nd flue hnnelsA to pture hrome sphere imgesF his pture llows to otin high dynmi rnge @rhA imgeD nd thus use it to perform imgeEsed lightingF hi'erent uses re possile using hrome sphereF gorsini et alF gggHV quire sptillyEvrying lighting environments in rh from photogrphs of two re)etive spheresF hey lso reover the positions of light souresD whih they use for oherent rendering of virtul ojetsF ghjds et alF gII utomtilly ompute importnt lotions to guide light proe positioning in virtul speF en pplition to video gmes to help the gme designer to otin environment mps is shownF to et alF tHU nd lter txvIH propose method to lirte light proe imgesF en pplition of the rdine pture to inverse lighting nd relighting of senes is (nlly shownF 2.1.3.2 Camera 360 rious QTH • mers hve een developed lst yerD ll sed on the sme prinipleF everl (shEeyes @lrge ngleA lens re pled ll round the mer to over the totl sphere roundF feuse (shEeye lens is not QTHEdegrees lens @ut mximum PHH degreesAD severl lenses re needed to otin omplete irleF hen piture is tkenD ll the lenses re triggered t the sme timeF ht llows reonstruting single QTHEdegree imge whih is oherent in term of lightingF sndeedD if the lenses re triggered t di'erent timesD the illumintion n hnge thus leding to rtifts in the (nl pituresF feuse the lens positions reltive to eh other re knownD the devie reonstruts QTHE degree piture utomtillyF ome rtefts n lso pper if the lenses re exposed in di'erent wy to the lightF sndeedD if lens is more exposed thn othersD delimittion n e seen fter the reonstrution stepF qledhill et alF qgHQ review di'erent pnormi imge pturing systemsF hey present di'erent devies to the ptureD nd wys to otin omnidiretionl imgesF he survey lso highlights di'erent prolems linked to the reovery of suh imges suh s distortionD or lk in the dynmi rnge ptionD nd riteri link to the spheril imgesF hevies with lrge (eldEofEview lens @see (gure PFRD top lineA llows to otin spheril imgesF sn rgHUD rvlen et alF use IVH pigure PFS ! veftX virtul spheril environment mpD ourtesy of gIIF ight nd middleX synthesized environment mp @rightA from single imge @piture in the middleAD ourtesy of viIHF sn some sesD it is not possile to otin n environment mp ifD for exmpleD it is fr wyD inessileD or unrelF woreoverD the input dt n ome from unknown soures @internetD dtseAF sing the hypothesis tht only n pproximtion of the environment is neessry to simulte oherent illumintionD vlonde et alF viIH @see (gure PFSAD synthesize possile environment mp using single imgeF yther more originl works generte environment mps from the eye re)etion xxHRF uán uánIS generte n environment mp using moile phoneF 2.1.3.4 Analytic model e skyEdome n e nlytilly modeled WW rIPF he ide is to tke into ount physil prmeters @for exmpleD light soure positionsD ground ledoD nd mterilD luminosity or turidityA nd to ompute orret sky imge orresponding to relity @genE erlly spheril imgeA whih n e used s environment mp ltterF hi'erent results re shown in (gure PFTF his kind of quisition ims to overome limittions ssoited with pture time @neessrily low for nvigtion in n environment for exmpleAD memory ost or esily edit of sky prmeters @useful in mny (elds s px or renderingAF ilkie et alF rIQ predit the pperne of plnet skies with di'erent sun numersD sizeD nd olorD di'erent tmosphere omposition @nd other prmetersAF wore reentlyD tylmys et alF fghIU trined memory nd time e0ient mhine lerning model nd proposed weights for rereting skies9 models lredy existingX reethmD nd rosek 8 ilkieF RT pigure PFT ! esult of skyEdome modeling using nlyti modelF he (gure show severl modeling of the sky using di'erent turidity vlues with R • solr elevtionF gourtesy of rIPF 2.1.4 Conclusion e sw in this prt environment mp quisition pprohesF hese pprohes provide more or less the sme informtionD ut the usge done with the result of the quisition will determine the est wy to useF sndeedD for the exmple of virtul visit of museum @see setion PFSFTA mer QTH @see setion PFIFQFPA will e n esier wy to otin pnorm with rel detil thn to use virtul environment reted with omputer @see setion PFIFQFQAF sn nother wyD using n nlyti proess @see setion PFIFQFRA to rete n environment mp for relighting usgeD will provide more )exiilities to hnge the light prmeters thn using hrome sphere devie @see setion PFIFQFIA nd tke lrge set of photogrphy to otin diversity of pnormF 2.2 Image mapping hi'erent representtions of the environment mps exist depending on their useF sn this setionD we trget representtions for relEtime video gmeEoriented renderingF e identiE (ed severl mppingsX uiD spherilD nd proloidF por eh representtionD we study spei(ity nd lising resultsF elsoD we onsider tht it is neessry to hve visul result RU tht is s uniform s possileD voiding distortionsD rtifts ndD lisingD while hving the smllest memory footprint nd eing dpted to the interpoltion mehnism of qsD in this seD liner interpoltionsF 2.2.1 Dual paraboloid mapping enother representtion is sed on proloid mpsF he method uses two textures to represent the re)etion on two hemispheres represented y proloids rWWF his pE proh hs the dvntge of eing independent of the point of view nd tht only two textures re needed to over ll diretionsD whih llows them to e generted on q in only two rendering pssesF roweverD ess to the texture requires reprojetionD to tke into ount the proli surfe nd the deformtion of the proloids omplites the interpoltion in this type of representtionF he inrese in ville q memory nd power hs mde the use of proli mps osoleteF 2.2.2 Cube mapping xowdysD the representtion used on qs for environment mpping is ueF sndeedD the representtion in the form of ue llows rendering with geometri ost limited to the rsteriztion of twelve tringles whih is muh simpler thn the rendering of sphereF ith tody qs9 powerD this onsidertion my e less of priorityD ut it should not e forgotten tht until few yers goD mnging geometri omplexity ws rel hllenge nd the mount of ville grphis memory ws limitedF gue mppingD designed y qreene qreVTD hs een supported sine the erly PHHHs with the introdution of ui texturesF he idel representtionD in this seD is to store the six imges orresponding to the six fes of the ueF everl pprohes re usedX

• six imgesY

• one mp with row of six fesY

• one imge of n unfolded ue where SH7 of the imge is empty nd wstedF sn the ltter two sesD the visul interprettion of the texture is not esyF 2.2.3 Equirectangular mapping enother solution is to store the spheril environment mp y projeting it onto single retngulr imgeF ht is prolem widely known to geogrphersD for whih there re dozens of types of projetions tht o'er di'erent ompromises etween shpe nd re RV pigure PFU ! veftX e sixEfe unfolded ue representtionF ightX en equiretngulr projetion of the sme environmentX out SH7 of the pixels represent the upper nd lower sides while the other four sides shre the rest of the reF distortions s disused in hvITF he solution ommonly used for environment nd pnorm mps is n equiretngulr projetionF st hs the dvntge of using the entire ville surfe re while eing esy to visulizeF roweverD it introdues deformtions t the poles of the sphere whereD for exmpleD the (rst line of pixels is projeted on the sme point of the sphere nd the informtion density is low t the horizon @see (gures PFUAF hen used in q ue mppingD reprojetion on ll six sides of the ue introdues deformtions tht generte interpoltion errorsF es illustrted in (gure PFVD this very lowEresolution environment mp @TR × TR pixels per feA highlights the deformtionsD on the leftEhnd sideD one of the vertil fesD nd on the rightEhnd sideD on fe tht orresponds to pole of the sphereF snterpoltion errors re due to iliner smpling of texture ess on qs in res where orret interpoltion should e lulted more on n r thn on squreF st is neessry to use higher resolutions thn the unfolded ue texture formt to hieve similr qulittive result to limit these disdvntgesF pigure PFV ! iquiretngulr projetion to ue mp lising nd distortionF ssidoro swHS pointed out in PHHS wekness in the (ltering of ue mppings with qsX the interpoltion is flse when pprohing the orders of the ue fes @see (gure RW PFWAD in ftD the olor of the neighoring fe is not tken into ountF husD in some sesD rtifts my pper t the juntion of the fes of the ueF en interpoltion tking into ount the neighoring fes voids this prolemX grphi ess hve dopted this solution sine PHHWF pigure PFW ! veftX emless rtiftF widdleX sem rtiftF ightX hi'erene etween imgesF gontrst hve een enhnedF 2.2.4 Discussion gue mpping is the tehnique tht llows muh etter distriution of the smple thn sphere mpping or dul proloid mppingF here is n even etter distriution proposed y n vHU whih onsists of using the shpe of n isoEue tht remins omptile with q implementtions of ui texturesF es illustrted in tle PFID the representtion of the environment mp in the form of ue present most dvntges ndD thereforeD is the most used solution in relEtime renderingF e n notie the overErepresenttion of the zEdiretion with the use of retngulr equiprojetion textureD whih explins the need for higher resolution thn for the unfolded ue texture to otin the sme visul qulityF 

L o (p, ω o ) = Ω f r (p, ω i , ω o )L i (p, ω i )n • ω i dω i @PFIA • L o (p, ω o ) is the rdine from point p in the diretion ω o Y • f r (p, ω i , ω o ) is the fhpY • L i (p, ω i ) is the inoming rdine t point p from diretion ω i Y
• n is the norml of the surfe t point pY 

• Ω ..dω i is the integrl of Ω hemisphereY • n • ω i is
f rd (p, ω i , ω o ) = ρ d π @PFPA
sn the se of perfet mirror or speulr re)etionD fhp is de(ned in eqution @PFRA y the re)etion ry r de(ned in eqution @PFQAD nd depends on the re)eted diretion ω o D the surfe norml n nd the re)etive oe0ient

k s F r(n, ω o ) = 2(n • ω o ) × n -ω o @PFQA f r (ω o , n) = k s × r(n, ω o )• @PFRA
sn omputer grphisD hong is one of the most widely used re)etion modelsD whih mkes it possile to represent di'use mterilsD like plstisD y omining n mient prt simulting fke glol illumintionD di'use prt ording to vmert9s model nd n dditionl re)etion loeF his model does not orrespond to ny rel physil model nd dmits some pproximtionX the size of the di'use re)etion loe is the sme in ll diretionsF he roughness of the mteril tht in)uenes the size of the re)etion loe is funtion of N D the speulr power index @the higher N isD the loser we get to the ehviour of mirror while when N is lowD the loser we get to di'use re)etionAF he importne of the speulr loe in the hong model depends on the re)etive ledo

k s F f r (ω o , ω i , n) = k s × (r(n, ω i ) • ω o ) N n • ω i @PFSA SR
por some mterilsD ledo is not onstnt nd vries ording to the ngle of inidene of the view diretionD for exmpleD in wterX the se t the horizon re)ets the sky while seen from ove viewer n see the se edsF hese types of mterils omply with the presnel lw for re)etion nd trnsmission in the se of trnsluent mterilsF sts formultion eing omplexD the hlik pproximtion @equtions @PFTA nd @PFUAA is often usedD where n 1 nd n 2 re the refrtion indies of two di'erent mediF sn typilly rendering exmpleD the (rst medium will e ir @n 1 a IA nd the seond will e the surfe mteril whose pperne is to e lultedF θ is the ngle etween the norml nd viewing diretionF

k s (θ) = R 0 + (1 -R 0 )(1 -cosθ) 5 @PFTA R 0 = ( n 1 -n 2 n 1 + n 2 ) 2 @PFUA
here remins more sophistited type of fhp funtionsD for nisotropi mterilsD whih is hrterized y re)etion whose diretion is dependent on the diretion of inideneD unlike isotropi mterilsF his type of fhp llowsD for exmpleD to simulte the pperne of rushed metl @vfortune9s model vpqWUD whih is n improved hong modelAF here n e severl re)etion loes whose diretions n e vrileF ht llows more omplex mterils to e represented with retroEre)etionsF yne of the physil models of fhp now used in relEtime physisEsed rendering is the gookE orrne modelF sn this model @see eqution @PFVAAD there is di'use prt ut lso vrile speulr prt sed on the estimtion of the roughness of the mteril s funtion of mirofet distriution funtion D representing the surfe of the mterilD the presnel oe0ient F nd funtion G whih sttistilly desries the geometri e'ets of olusion of the mirofetsF 

L o (p, ω o ) = Ω (k d c π + k s DF G 4(ω o • n)(ω i • n) )L i (p, ω i )n • ω i dω i @PFVA 2.4.2

Sampling

e lssi pproh to solving the integrtion of the rendering eqution is to use the wonte grlo method whihD to solve omplex mthemtil prolemsD is sed on proilisE ti pproh @see eqution @PFWAAF hen using n environment mp s lightEmpD the rendering eqution is pproximted y smpling the environment mp to umulte the N ontriutions of eh smple depending on its visiility V () weighted y the importne smpling funtion ommonly lled pdf F smportne smpling is method for reduing vrine in wonte grlo integrtionF v + IV ompres six di'erent lgorithms @fetherD multiEndD modi(ed oissonD men vlue oordinteD multiEsplineD nd onvolution pyrmid lendingA in term of g nd q memory utilistion nd exeution timeF hey use six di'erent metris @ojetive evlutionA for omprisonF hey lso ompre the result to simple stithing lgorithmF he study is mde on severl outdoor nd indoor senes @nd enhmrk is thus proposedA to evlute lgorithm results in di'erent environmentsF woreoverD sujetive evlution is done y QQ users to test the visul qulity of the di'erent lending lgorithmF 2.5.4 Augmented reality -Virtual reality eugmented nd virtul relity is very tive (eld of reserhF hey ene(ite from the rrivl of onEtheEshelf devies @like virtul relity hedsetsA ssoited with developE ment softwre @like egore @qoogleA or euit @eppleAAF yne hllenge tht remins in network @gxxA is trined rqr + IU IUF feuse this reserh topi is reentD the trining dtsets used re most of the time reted y the uthors vIU ww + IU q + IU vIV gvq + IV q + IVD nd n ontin rel nd syntheti exmplesF everl pprohes im t estimting illumintion from single imgeF roldEqeo'roy et alF rqr + IU reover high dynmi rnge @rhA outdoor illumintion using single low dynmi rnge @vhA imgeF he gxx is (rst trined on lrge dtse of QTH • pnormsF st is used to extrt output sky prmeters of the input imgeF esults demonstrte good predition of n rh outdoor illumintion whih orresponds to the input imgeF imilrlyD qrdner et alF q + IU propose method to reover n rh environment mp from single indoor @low (eldEofEviewA imgeF he gxx is trined on two dtsetsX one to trin the network on the light diretionsD nd nother one to trin on light intensitiesF he uthors hve reted the seond dtset @of IUSH rh environment mpsAF sn seond timeD single imge is given s inputD nd the gxx predits the environment mp whih orresponds est to the illumintion of the input imgeF sn oth ppersD uthors demonstrte their results y showing rendered ojets using the predited environment mp in the input imgeF qeorgoulis et alF q + IT reover nturl illumintion from single imgeF hey expose network rhiteture using suEnetworks to onvolve the kground imge nd his kind of visits re suitle to expose to the puli ities @enezi qD fordeux enAD fmous ples @r qüell queD engkorEwt trAD museums @severl exmples on wdAD interesting ples @wrs qAD or historil monuments @ghenoneu stle ilD tin tAF yther (elds of tivity hve developed tools to llow virtul visits s the rel estte domin or utomotive dominF hey permit intertive visits of houses or rs for the lientsF e n lso mention @qoogle street viewAD virtul nvigtion tool lunhed in PHHU tht llows visulising mny puli ples ll over the plnetF uoehl et alF up + IQD show the set up of virtul tour of the muniipl ths of trsourg nd the di'erent stges of the designD quisition nd implementtionF he ths re desried s "particular buildings, their visit, their interpreting, and their access is not anymore very well-to-do"F st is possile to hve guided virtul visitD from severl view points on pnormi imges from inside nd outsideF hng et alF wIU propose n quisition system for museum virtul tourF sing QTH • mer mounted on IPHm ril they re le to tke piture eh entimeterF he ril n e moved during the pture to quire whole room or museumF he smll distne etween two pnorms voids lrge sems in the (nl stithing resultF sndeedD sems pper when two imges with lrge o'set re stithedY espeilly with ner ojets @nd so ojet we re looking forAF his devie llows users to move in the environment smoothlyD without unomfortle rtiftsD nd look ll round during the visitF ome pplitions using omputer sreen or virtul relity hedEmounted disply re shownF TU 2.5.7 Billions pixels panoramas norms of illions of pixels hve een reted to otin highEqulity imgesF his qulity of imge llows the user to zoom in while keeping good imge qulity nd explore the sene in detilF his kind of pnorm is mde up of thousnds of imges stithed together @see setion PFIFPFIA to ompose single imgeF et the momentD the iggest imge using this kind of method is n VRT illion pixels pnorm of uul vumpur @wlysiA pulished in PHIS y the vimkokwing niversity of gretive ehnologyD using QIHHH imgesF he sme yerD the inPwhite ompny peq + pulished pnorm of the Mont Blanc using UHHHH imges to otin single imge of QTS illion pixels @more detils out the method nd pnorm re ville on the ompny wesiteAF wore reently @xovemer PHIVAD pnorm of RHS illion pixels of the Old Town Square @rgueD gzeh epuliAD using VHHH imges hve een pulished tefF he numer of imges used is signi(ntly smller thn the previous oneD due to the dvnes mde in • e do not hve to hoose referene ojet in the sene or to remove it @or move itA to tke the QTH pitureF woreoverD if the ojet is not movele the enter of the environment mp will not e extly t the sme ple s the referene ojetF ht will generte gp etween the two enters @enter of the environment mp nd enter of the ojetA nd introdue n error during the orienttionF

Ω f (x)dx ≈ 1 N N i=0 f (x i ) pdf (x i )) @PFWA SW L o (ω o , n) ≈ 1 N N i=0 f r (n, ω i , ω o )L i (ω i )V (ω)n • ω i dω i pdf (ω i )) @PFIHA
• enother dvntge is tht we n otin the dt esily y pling the QTH • mer nd then using single devie to otin in few seonds the imge @lol seneA nd the environment mp imge @glol seneAF his wyD we ensure tht the illumintion of the sene will not hnge during the ptureF e ssume tht round the referene ojetD the ground is )t nd horizontlF wore preiselyD the shdow of the referene ojet must e projeted on )t ground to otin orret results during the orienttion stepF ine the shdow of the referene ojet is smll @if QTH • mer is usedD it hs mesure round ten entimetersAD the ssumption is resonleF Processing, minimisation & results: sing these two shdow shpes @the input one nd the omputed oneAD we proeed minimistion step of n iulidin histne rnsform @ihA metri @yellow retngle in (gure QFUAF his ih metri @on the ottomA estimtes the di'erene etween the two shpesF e test di'erent positions for the min light soure @i.eFD di'erent environment mp rottionsA to (nd mth etween them @position where the metri is lowA nd reover the orret orienttionF e estimte tht we hve reovered the orret position @red retngle in (gure QFUA of the environment mp when the two shpes oinide nd when we found the minimum vlue for the ihD thus inditing tht the omputed shdow mthes with the input shdowF e de(ne ry s segment etween two points @i.eFD pixels in the respetive imgesA he lgorithm @lgorithm PVA presents the min steps of our methodF st shows step y step the di'erent prts of the method nd expliit whih input dt re used nd in whih dimension @Ph or QhA the omputtion is doneF he input dt @line DataA re the environment mp imge @EM AD the light position point in the environment mp @plightpos 2D AD the imge of the shdow msk @h mask ADthe imge of the ojet msk @yft mask AD nd the Qh points of the referene ojet @3DobjectAF he (rst loop @line 3A omputes the Qh input shdow pointsF he three next lines @7D 8D 9A

extrt the onvex hull from this set of points to otin the referene shdowF en imge of this onvex hull nd iuliden histne rnsform @ihA imge from the onvex hull @i.eFD im_EDT _inputA re then retedF st is more relevnt to ompute the onvex hull of the set of points euse only the shpes will e ompredF he points inside the hull will ring more lulus ut no more preisionF he two next loops @lines 11 to 25A re the minimistion steps of the methodF he gol of this step is to (nd the est theta ngle @i.eFD best_angle in the lgorithmA for the environE ment mpF he (rst for loop @line 11A modi(es the orienttion of the environment mpF Algorithm 1: gomputtion of the est ngle to register the environment mpF ih neessry timeD we expliit when we use 2D or 3D elementF WP the fr sene nd so there is no mening to test smll rdiusF woreoverD when the rdius is smllD the method eomes unstleX little orienttion vrition implies huge result modi(tionF e vry this vlue with signi(nt step to void testing too lrge numer of possiilities of ouple (orientations, scale)F sndeedD this vlue hs no physil meningD nd the experiene shows tht smll di'erene when the sle is lrgeD implies little or no result di'ereneF por eh ouple (orientations, scale)D we repet the sme proessesF pirstD we tre rys @line 15A from the min light soure to every point of the referene ojet @pled t the enter of the environment mpAF hen we projet these rys on the )oor @line 16A to otin set of shdow pointsF e n ompre the onvex hull of these omputed shdow shpes @line 19A with the input one @from line 7A using the ih metri @line 20D 21AF he ih is metri tht llows us to quntify the two shpes di'erenesX we otin soreF eondD we minimise this sore @lines 22 to 26A to get the est similr shdow shpes nd soD the est orienttionF he di'erent ited funtions refer to prts of our method desried in the following setions @3D_recovery, Convex_hull, EDT, Ray, Floor_extended AF he 3D_pos funtion omputes the Qh position of the light soure from the known Ph positionD onsidering the environment mp rottion nd rdiusD nd the image_of funtion lultes msk using vetor of Ph pointsF he * opertion multiplies imges pixel per pixelF 4.2 Ray denition using the geometry information e desrie in this setion how rys hve een de(ned for eh methodF he (rst step of the rys de(nition is to reover eh Qh point of the referene ojet geometry representtionF he seond step is to ple the Qh points in the enter of the Qh representtion of the lol seneF feuse the environment mp is onsidered representing the fr environmentD pling the lol sene ojet t the enter of this one llows simulting thisF henD rys n e de(ned from the light soure position on the Qh environment mp surfe to eh reovered pointF feuse it is impossile to determine t this step whih Qh ojet points de(ne the oundries of the ojetD nd so of the shdowD we must onsider every point of the ojet geometryF WQ 4.2.1 First step he (rst step of the method presented here is to otin the Qh geometry of n ojet of the lol seneF his dditionl informtion llows us to get more preise Qh rysF e hve tested two di'erent wys to otin this informtionF he (rst one is reovery of the Qh informtion using the input ojet mskD the depth informtion of the lol seneD nd simple ssumptions out the geometry of the seneF he seond one diretly uses Qh informtion given s inputF he seond wy hs een hosen in the (nl method for its preisionD ury resultsD nd simpliityF 4.2.1.1 3D recovery of local scene using depth pigure RFI ! eover rough geometry @rightA of ue using depth mp imge of the lol sene @leftA nd the msk of the ojet we @middleAF o otin rough geometry of the lol seneD we use depth mp @(gure RFID top leftA nd the referene ojet mskF his depth mp hs to e given s inputF hespite requiring n dditionl devie for this inputD depth mers re nowdys onventionl in the onsumer mrket nd llow us to pture this informtionF o otin the geometry of the ojet onlyD nd not of the entire lol seneD we pply the ojet msk vlues on depth mp vluesF e thus otin n imge with depth vlue t pixels representing the ojet nd zero vlues for the rest of the lol sene @see (gure RFID WR top rightAF o reover rough Qh informtion @i.eFD (x, y, z) vlues for eh pixelsAD we onsider x nd z vlues s the vlue of the pixel in the imge (i, j)F o otin n ojet enter pled t the environment mp enterD we onsider the ojet ounding oxF e sutrt the vlue of the enter of the ounding ox of the ojet to x nd sutrt the vlue of the lower pixel of the ounding ox for z @= z min AF he z min vlue llows otining n ojet lid on the )oor nd not entered round zero @i.eFD the lower prt of the ojet under the ground levelAF

x = i -(max(bouningbox i ) -min(bouningbox i ))/2 @RFIA z = j -min(bouningbox j ) @RFPA
pinllyD the y @i.eFD depthA vlue is equl to the depth vlue of the pixel minus the men vlue of the depthX y = depth pixel(i,j) = value pixel(i,j) -(maxdepth + mindepth)/2 @RFQA hoing thtD we otin n ojet entered t (0, 0, z min he dvntges re tht we know the dimensions of the mer we useD nd we n rete orret Qh representtion of the merGojetF woreoverD we do not hve to hoose n ojet in the sene or to remove it @or move itA to tke the QTH • pitureF enother dvntge is tht we n esily otin the dt y setting the QTH • mer in the lol seneF sing single devie we otinD in few seonds onlyD the lol sene imge nd the environment mp imge @using the given pplition for smrtphone for the QTH • merAF he (gure RFP shows the Qh model of the QTH • mer we use on the left nd the Qh resulting points @in redA on the right sideF e sene using the QTH • mer is visile in (gure QFQ on pge VHF et the end of this stepD whether with the method using depth or the method using Qh modelD we otin set of Qh points pled t the enter of the seneF 4.2.2 Rays denition using geometry information of the reference object o de(ne rys using the geometry of the lol seneD we preferred to follow the pth of the light @see setion QFQD light pth QAF hereyD we otin more physilly relist method thn the previously desried ones y projeting omputed shdow on the ground nd do not desrie n re whih ims to ontin the light soure or the ojetF

Initialisation: e de(ne rys from the light soure position @redue to pointA on the environment mp surfe to every vertex @or Qh pointA present in the Qh modelF e otin one ry per vertexF pigure RFQ shows the rys on the lol sene @turquoise olorAF he rys re oming from the light soure position @not present in the (gureA to every vertex in the Qh set @red olorAF Projection on the ground: o (nlise the rys de(nitionD we projet the rys on the ground to otin set of Ph pointsF por eh ryD tht we n desrie s line de(ned y two pointsD the light nd the ojet pointD we ompute its intersetion with the plne z = 0F sn (gure RFQD the rys re lredy projeted on the groundF he points resulting from the intersetion etween the rys nd the plne z = 0 hve purple olorF et the end of this stepD we otin set of Ph points @more preiselyD set of Qh points with the z oordinte equls to 0AF st is more physilly orret to follow the light pthD nd we n onsider the result of this ry de(nition s onsequene of the projetion of the light soure ording to referene ojetF sing this wyD we n thus onsider tht we otin projetion of the referene ojet shdow on the groundF wore preiselyD we otin set of Ph points on the groundD whih determines shdowF WU pigure RFQ ! ys de(ned using the geometry informtion @turquoiseAF he Qh points de(ned in the previous setion re visile in redF

Notes: e n notie tht some rys pss through the ojetF his supernumerry of points is not prolem t this stgeF sndeedD euse we wnt to otin shdow shpeD either point is neessry to desrie itD or it is loted inside the shpe nd does not impt itF woreoverD the ry de(nes y this Qh point pss through the ojet for donte light positionF roweverD euse we intend to try severl light positionsD these rys my hngeD nd do not pss through the ojet with nother environment mp orienttionF e lso n notie tht some Qh points re hidden from the lightF por more simpliity nd euse we nnot de(ne whih Qh point is neessry to desrie the shdow shpeD we ompute the intersetion for eh Qh pointF es previously sidD point hidden from the light for donte environment mp orienttionD n e visile in nother oneF woreoverD in this seD it does not impt the (nl shpeF Qh representtion of the QTH • merD the lens height is not 0 nd is known @see setion QFPFSAD we ll this height z lens F feuse we know the geometry of the QTH • mer nd so lens heightD we n e preise nd not set the environment mp enter t point (0, 0, 0)F sndeedD this point is the enter of the sis of the referene ojet ut not of the lens enterF e n ple the environment mp enter t point (0, 0, z lens )D whih orresponds to the rel environment mp enterF his di'erene is not importnt ompred to the environment mp rdius ut presents some dvntgesF pirstD this positioning is more physilly relistF eondD even if we do not notie signi(nt result improvementD this positioning n mke di'erene in ses with low light soure position @i.eFD lose to the groundAF sn ny seD this onsidertion is inexpensive in the lultionD nd there is no dditionl informtion to provideF es sid in the previous setionD we reover the Qh points of the referene ojet to otin the lol seneF e reover the Qh light soure position from the Ph one using spheril projetion formuls @see equtions SFUD SFV nd SFWAF 4.3.2 Orientation of the environment map using the reference object geometry information e desrie in this setion the di'erent steps to proeed the environment mp orienttion using the geometry of lol sene ojetF

Two shadows: sn one hndD we hve desried in setion RFPFP how we otin Ph set of points from the light soure nd the ojet Qh vertiesD lled computed shadow shapeF WW sn other hndD we otin Ph set of points using the referene ojet shdowD given s input of the methodD using the shdow msk @see setion QFPFRAD lled input shadow shapeF he input shdow shpe is otin using the ssumption tht the ground is )t round the ojetF sndeedD we reover the Qh shdow points position using the sme method sf in setion SFPFIFIF righer pixel is in the input imgeD the deeper it is @i.eFD more it is fr from the merAF vower it is in the imgeD loser it is in QhF st is not possile to ompre diretly these two sets of pointsD whih do not ontin the sme numer of points nd whih do not present the sme density of pointsF sndeedD eE use the omputed shdow is the result of projetionD we nnot predit the distriution of points in the plnF gonverselyD the input shdow is otined using the shdow msk of the input lol sene imgeF husD the point omposing this shdow is pled t regulr intervlsF o e le to ompre themD we must otin similr entitiesF o do thtD we respetively ompute two onvex hulls @or onvex envelopeA from the two setsF e onvex hull is Ph suEset of points @i.eFD inluded in the strting setA whih hs the following propertyX for eh point of the setD either the point is in the onvex hull setD or the point is pled inside the losed re desried y the onvex hullF sn other wordsD every point of the initil set is inluded in the shpe de(ned y the onvex hullF es onsequeneD the onvex hull set is smller thn the initil oneF feuse we onsider fewer pointsD the omputtion time is redued during the next stepsF sn dditionD we n ompre the two shpesD desries y the onvex hull setsF pinllyD y de(nitionD the onvex hull voids the prolem of the ojet sisF feuse we otin the omputed shdow shpe using every Qh pointsD the se of the ojet is inluded in itF gonverselyD euse the input shdow shpe is otined using the mskD the sis of the ojet @nd y extension ll hidden prtsA is not inluded in itF sing the onvex hull llows (lling the holes in the input oneF

Note: e nnot ompre the onvex hull sets diretly for the sme resons s for the entire set of pointsF sndeedD even if the input set of points is stti euse otined from the shdow mskD the omputed set of points my hnge with the environment mp orienttion @i.eFD the light soure positionAF husD the numer of points of the lulted shdow onvex hull my vry nd not e the sme thn the input set of pointsF woreoverD it is not legitimte to ompre onvex hull sets points y pointsF sndeedD we hve no insurne out the positions of the onvex hull points on the plneD nd soD we IHH pigure RFR ! gomprison of the two shdows shpes @top viewAF he input shdow shpe @digonl oneA nd the omputed shdow shpe @vertil oneD orresponding of the initil ple of the light soureAF hve no gurntee tht points orrespond one y oneF he (gure RFR present the two shdow shpe from the top viewF he digonl one is the input shdow shpeD nd the vertil one is the one we ompute orresponding to the initil light positionF he light position is ritrrily pled t y = 0 position @orresponding to the ottom of the imgeAF he theta orienttion is omputed from this strting pointF e n notie tht the two shdow shpe overlp @lk prtA round the ojet sis position @i.eFD point (0, 0)AF EDT image * Computedshadow image (theta, scale) @RFSA sing this metriD it is possile to ompre two di'erent (theta, scale)F yrD in other wordsD two di'erent ouples environment mp orienttionsD to de(ne the one whih (ts est with the input shdow orienttion @i.eFD the orienttion loser to the rel orienttionAF his metri my e seen s the distne etween two shpesF husD the ouple (theta, scale)

et
whih orresponds to the minimum vlue of the metriD is the one whih orresponds to the loser omputed shdow shpe to the input oneF Minimisation step: o reover the orret environment mp orienttionD we proeed to minimistion stepF he ouple (theta, scale) whih minimises the errorD presents the mximum similrity etween the omputed shdow nd the input shdowF st is the est environment mp orienttion whih orresponds to the rel environment mp positionF e use rute fore method to reover the orret orienttionX we proeed to the omputE tion of the metri @RFSA using QTH possile orienttions nd di'erent slesF he experiene shows tht the ury of the method is not relevnt under the degreeF sn prtieD only few sles re tested @round IHAF yur method ims to reover the environment mp orienttion @i.eFD the theta ngleAD nd the sle result does not hve physil meningF sndeedD euse we onsider the environE ment t in(nityD the environment mp founded sle does not mth with this ssumption @euse we otin (nite vlueAF roweverD the min reson is thtD t lrge sleD the omputed shdow modi(tion is not essentilX modi(tion of the sle does not signi(ntly impt the omputed shdow shpeF he metri does not vry when the enviE ronment mp sle is huge ompred to the sle vritionF husD if the sle modi(tion is under n epsilon vlue @nd so the omputed shdow shpeAD we stop the est sle serhF esting every ouple llows us to selet the est oneF he (gure RFT shows the metri result of sene for QTH orienttions nd ten slesF he whiter pixel isD the higher the metri isF he lker pixel isD the lower the metri isF he red pixel is the pixel with IHQ pigure RFT ! winimistion stepF winimistion of the ih metri vlue etween the two shpesF he imge present QTH di'erent possile orienttions nd IH di'erent slesF the lowest metriF e n oserve thtD for this sene presenting single light soureD the metri vrition presents glol minimumF 4.4 Results of the method using the geometry information of the reference object sn this prtD we show results we otined using the geometry informtion of the referene ojet nd how we test it to ensure its uryD espeilly for the method using the Qh etween eh pir of onseutive imgesF ih olumn of the tle is @from left to rightAX the sene numerD the expeted thet ngleD the omputed thet ngleD the omputed environment mp rdiusD nd two errors to mesure the ury of the methodF e estimte the overll error using two error metris @oriented nglesAF he (rst oneD error 1n D uses one sene s referene nd omputes the di'erene etween its urrent ngle nd the omputed sene ngle @plus n * 45D modulo 360AD with n the sene numerX error 1n = (angle 1 -angle n + n * 45) % 360 @RFTA he error 2n omputes the reltive error to the previous seneX error 2n = (angle n-1 -angle n + 45) % 360 @RFUA wen errors re respetively 10.625 nd 6.875 degreesF vrger errors re ssoited with viewpoints S nd T due to inomplete reovery of the input shdowD euse ehind the ojetF he mximum error is 22 degrees for the error 1 nd II degrees for error 2 F e did not sueed to identify method we n diretly ompre withD due to di'erent input dtF e nD howeverD ompre our results to reent method t + IW whih (nds the orienttion of n environment mp using deep lerningF sn this pprohD the verge error of the found ngle is muh higher @round QH degreesA thn our reovery error @IH degreesAD nd most importntlyD they do not onsider the environment mp sleF e found in our experiments thtD lthough sle does not hve determined physil meningD it hs ler impt on the resultsF

Discussions & limitations identication

sn this prtD we present the di'erent identi(ed limittions of our methodF

Geometry & depth information

huring the Qh reovery of the lol sene @see setions RFPFIFID nd RFPFIFPAD the gol is not to otin perfet geometry ut to otin volume to ering the prolem of rys intersetion with Ph impostor @see setion SFSFQA s used in the previous methodsF roweverD to do thtD it is neessry to dd the depth or geometry informtion s input dtF ht goes ginst our gol to hve method with fewer input dt possileF yur IHT experiene rings us to dd it to the input dtF woreoverD it is not lwys possile to otin itD nd ll devies do not llow to pture suh informtionF roweverD it n e onsidered s not importnt ddingF sndeedD more nd more devies llow the user to otin the depth informtion s the uinet @wirosoftAD elense @sntelAD or iEphone @eppleA ell phoneF woreoverD dding the geometry informtion of known referene ojetD nd use it for mny senesD does not ompel us to reover the geometry for eh orienttion ut only oneF yther prolems re linked to the wy to otin Qh informtionF iven if our gol is not to otin perfet geometryD more this one is preiseD more the result isF es we n see in (gure RFI on the ottomD the geometry of the ue is not fully ompletedF sndeedD the top nd the front fes of the ue hve good reonstrutionD ut the left fe is only prtilly reonstrutedF ome grooves pper due to the ojet orienttion visEEvis of the merF 4.5.2 Geometry information of the reference object ome prolems re linked to the pture of the referene ojet informtion itselfX

• he depth informtion present in every seD hidden prt of the ojetD nd so ring to orienttion mistkes s for the senes S nd T of results presented in setion RFRD (gure RFUF

• he geometry of the referene ojet n e reused for severl senes if the referene ojet is the smeF futD the depth informtion of the sene hnges in eh sene nd hve to e omputed in every seF husD the depth is full dditionl inputD unlike the ojet geometryF

• sing pture of the depthD we otin n inomplete geometry of the ojetF sndeedD we otin depth vlue for ll pixels present in the input imges @depth nd msk imgesAF roweverD we do not otin ny depth informtion for prts of the ojet whih do not pper in these imgesF ell prts of the ojet hidden @olusion nd selfEolusionA re not reonstruted in the (nl Qh geometryF here re holes in the reonstrutionF feuse we ompute shdow shpe using this Qh informtionD if this one is inompleteD the shdow shpe will e modi(ed nd so the resultF he previous inonvenienes led us to prefer in prtie the geometry of n ojet thn the depth informtionD to use our methodF Dene separation 2D lines: o (nd relevnt points nd mthesD we hve (rst de(ned two lines omputed from the ojet nd the shdow msksX the (rst @L B A is seprtion line etween the two msks @see (gure SFID lue linesAF here re two sesF sn ses presenting ommon order etween the ojet nd the shdow @see (gure SFID leftD green pixelsAD we ompute this line s the one whih minimises the sum of the distnes to the order @green pixelsAF sn ses with no ommon order @see (gure SFID rightA we ompute this line s perpendiE ulr to the seond one @L O D ornge lines in (gure SFIAD pssing t equl distnes of the enter of the ounding oxes of the msksF he seond line @L O AD psses y the enter of the two ounding oxes of the msks in the se without ommon orderF his line n lso e de(ned s perpendiulr to L B pssing IIV y the enter of the order @green in (gure SFIA in the other seF sing this wy to de(ne lines L B nd L O D in every seD the two lines re perpendiulrF he L B line de(ne two res on the imgeD one for the ojetD one for the shdowD nd the L O line de(nes two res in the imgeD one for the right size of the ojet nd shdow nd one for the left sizeF e de(ne mthes s ouple of pixelsX one from the ojetD one from the shdowF he gol is here to de(ne prllel lines using mthesF o do tht we wnt to ensure tht pixels of mth re seleted from the sme side of the shdow nd ojetF e de(ne mthes etween shdow nd ojet points @i.eFD pixelsA using the ove de(ne lines nd the following Ph riteriX

• por two pixels of sme mthD their respetive distne is ounded y the size of the re of the ojet msk nd the shdow mskF wthes t lose distne to L B re removedF

• e point of mth nnot e too lose to L B F sndeedD t smll distneD smll error @of few pixelsA for mth involves ig error for the diretion of the mthF • e mth line nnot ross L O F sndeedD we suppose tht pixel of the left @respeE tivelyD rightA prt of the shdow mthes with pixel of the left prt @respetivelyD rightA of the ojetF he gol is to hve the smllest one ngle possile for the diretion of the lightF • sf mth line rosses too mny other mth linesD we do not keep it euse the mth diretion is in ontrdition with most mthesF st helps to keep loser ounding re of the light soureF he vlues of riteri prmeters n e modi(edF por exmpleD the di'erene of distne of the (rst one n hnge @IH7 or IS7 of di'ereneAD the distne to L B n hnge @depending on the size of the ojetA for the seond or the numer of rossing mthes n hnge @we hve de(ned tht IH7 of the totl of mthes is orret vlueAF he mthes re de(ned tking shdow point nd n ojet point rndomlyD nd verify if the riteri re respetedF he lst step is to prolong the mthes to otin one of rysD to lote the light soureD s seen in (gure SFPF he left nd middle olumns show two results for the sme lol sene with di'erent vlue of the riteri9s prmetersF he numer of mthes nd the ngle of the one re di'erentF yn the left olumnD the mthes re shown in redD nd IIW pigure SFP ! esult of the mthes of three senesX ojet in ontt with the ground @left nd middle olumnsA nd ojet without ny ontt with the ground @right olumnAF yn the ottom left imgeD only few rys @greenA re shownF he mthes etween the referene ojet nd its shdow re shown in redF he top row presents input dtF he ottom row presents mthesF the extension of the mthes in the diretion of the light hs een highlighted in greenF he two other olumns show mthes in lueF 5.2.1.1 Generating 2D rays and their transformation to 3D pigure SFQ ! gonversion of eh mth from Ph to QhF e onvert mthes9 oordintes from Ph to Qh y mking two simple ssumptionsF he (rst one is tht the shdow is projeted on )t ground @i.eFD on plneAF he seond one is tht the ojet is lso plnrD whih isD of ourseD inorret nd orse pproximtionF he (gure SFQ shows how we onvert to Qh @x, y nd z vlueA the Ph oordintes of eh point @shdow nd ojetA of eh mthX IPH • por pixel of the shdowD we onsider tht we know x equls to x i D the x vlue of the pixel in the imgeD minus x 0 D the x vlue of the middle of the ojet msk @euse we onsider the middle of the ojet s the enter of the lol seneAD nd z = 0 oordintes @euse the shdow lys on )t groundAF o reover the y @i.eFD depthA vlueD we onsider tht the higher pixel is in the imgeD the deeper it is @i.eFD further it is from the merAF o (nd the y vlueD we sutrt y p D the y vlue of the pixel @etween the two lue lines in the (gure SFQA to y c D the y vlue of the enter of the ojet @y vlue of the green lineAF sing thtD we otin negtive vlue for the higher pixel in the imge @i.eFD deeperA nd positive vlues for the other onesF

x = x i -x 0 @SFIA y = y c -y p @SFPA z = 0 @SFQA
• por pixel of the ojetD we onsider tht x nd z vlues of point re respetively equl to the x i nd y i vlue of pixel in the imgeF ine we ssume tht the ojet is on plneD we n onsider tht the higher pixel in the imgeD the higher it is in QhF e reover the y vlue of n ojet point y sutrting y i D the y vlue of the pixel in the imge @etween green nd yellow line in (gure SFQA with y 0 D the y vlue of the se of the ojet @green lineAF sing thtD we otin positive vlue for ll the points of the ojetF

x = x i @SFRA y = y i -y 0 @SFSA z = y i @SFTA
et the end of this stepD we onsider tht we otin set of rys whih desries Qh oneF he intersetion of the one nd the environment mp desries n re tht is the lotion of the light soureF 5.2.2 3D rays' generation from an impostor representation his method diretly de(nes rys from the light soure present in the environment mp to the shdow of the ojet present in the lol seneF o orient the environment mpD the ojet of the lol sene oundries hs to e ligned with the rysF IPI pigure SFR ! gretion of the Qh representtion of the sene for the seond tested methodF veftX impostors used for the lol seneF ightX glol representtion of the seneF he (rst step of this seond method is to rete the Qh representtion of the seneF es previouslyD we ple representtion of the environment mp de(ned y hlfEsphere @see (gure SFRD rightA round lol seneF he lol sene is represented y two impostors @see (gure SFRD leftAF en impostor is de(ned s Ph representtion @i.eFD n imgeA of Qh ojetF rereD we use it to represent the referene ojet nd its shdowF e desrie in detil how we rete the Qh sene using impostors in the next setionD SFQFIF sing this representtion of the seneD we de(ne set of rys diretly in QhD from the shdow points on the shdow impostor to the light soure @see (gure SFIQD ornge rysAF ys strt from the oundries of the light soure @represented y n re on the environment mp surfeA to the oundries of the shdow representtion on the horizontl impostorF he intersetion of this set of rys with the vertil impostor @i.eFD the representtion of the referene ojetA de(nes surfe shpe @see (gure SFIQD leftAF yur gol is to mke this shpe oinides with the referene ojet shpeF he (rst sertinment we do is tht the otined re on the vertil impostor should hve shpe similr to the ojetF olving our prolem is solving the orienttion of the ojet shpe with the interseted shpe on the impostorF feuse we do not follow the light pthD this sertinment is not trivilF feuse we do not onsider the depth of the ojetD we mke seond sertinmentX rys ssoiting points in shdow lose to the ojet lk roustness nd must e disrdedF IPP

Environment map orientation

sn this setionD we desrie the environment mp orienttion step for eh on(gurtion listed in setion SFPF he si ide is similr @rotte the environment mp round the lol seneAD ut some djustments re mde for eh on(gurtionF e (rst desrie how we rete Qh representtion of the sene using impostors in setion SFQFIF e then present the orienttion proedure for the ses presented in setions SFPFI nd SFPFPF 5.3.1 3D representation of the scene from 2D information: impostor o reover the orienttion of the environment mpD we rerete Qh representtion of the sene @see (gure SFRAF e (rst ple hlfEsphere orresponding to the environment mpF he enter of the hlfEsphere is on (0, 0, 0) nd high rdiusD ording to the ssumption tht the environment is t the in(nity @the rdius of the environment mp hs een redued in the (gure SFR for more redilityAF et the enter of the seneD we ple two impostors representing in the lol seneD the referene ojet nd its shdowF he prinipl dvntge is tht we lredy own Ph representtionX the input lol sene imgeF e do not hve to pply ny proess to otin the representtion of the lol seneF uh representtion is orret representtion for the referene ojet shdow euse the shdow is projeted on the groundF husD on Ph plne @the ground n present some level vritionD ut we ssume tht the ground is )t round the referene ojetAF hereforeD the impostor representing the shdow is fir representtionD exept tht we must tke into ount its projetion on the mer plneF sn prtieD euse we do not wnt to hve ny ssumption out the mer used to otin the input dt sene imgeD we do not tke into ount this projetionF gonverselyD the impostor representtion is not orret representtion for the referene ojet euse it does not tke into ount the depth of the ojetF feuse the ojet is projeted on plneD its Ph shpe is not diretly omprle with the Ph shpe of the shdowF he two impostors re pled t the enter of the sene nd perpendiulr to eh otherF he shdow impostor is pled horizontllyF he ojet impostor is pled vertillyF he enter of the intersetion etween the referene ojet plne nd its shdow plne is pled t the enter of the seneD whih lso oinides with the enter of the environment mp @point (0, 0, 0) ording to the green line on (gure SFQAF he two impostors re hnging the sle @point P 1 if the light soure is upper thn the rysD nd point P 2 if the light soure is lower thn the rysAF he reson is tht rys do not strt from the environment mp enterD ut from the shdow oundries @point R on the shemeAF sn the shemeD the R position respetively to the enter of the environment mp @point OA hs een exggerted to present resonle slesF et the end of this stepD we hve pled the IPS pigure SFU ! op oxX presenttion of the repositioning of the environment mp light soure y hnging the environment mp sleF fottom oxX illustrtion of the environment mp sle hnging diretion in the two di'erent sesF he reltive ltitude hnges euse the rys strt from RD the shdow oundriesD nd not from the environment mp enter @point OAF st existsD in eh seD n environment mp sle to ross the rys with the environment mp t the orret ltitude @point P 1 nd P 2AF

IPT light soure t the sme ltitude s the rys @se of the (gure SFTD enterAF Environment map rotation: e rotte the environment mp round the yExis whih llows us to ple the light soure nd the re on the sme pln vertilly @i.eFD the orret longitudeAF ith thtD we n reple the light soure inside the re de(ned y the rys nd otin the orienttion of the environment mp @see (gure SFTAF henD we onsider the entroid of the environment mp intersetion with the rysF e otin Qh point p2 = (x2, y2, z2)F e lso onsider the enter of the light soure @p1 = (x1, y1, z1)AF o otin the theta ngle @see (gure QFIAD nd so the environment mp orienttionD we hve to ompute the oriented ngle etween the vetors @(0, 0)D(x1, z1)A nd @(0, 0)D(x2, z2)AF he otined ngle gives us the orret rottion to pply to the environment mp @see (gure SFTD rightAF 5.3.3 Orientation of the environment map using rays generated with impostor he orienttion hs the sme steps @sling nd rottion stepsA s the method using only Ph informtion to de(ne rysD ut for di'erent purposesF sn this methodD the im is to ple the referene ojet shpe into the shpe de(ned y the intersetion of the rys with the referene ojet impostor @lled hereD 4target shape 4AF sf the ojet shpe mthes the trget rysD the environment mp is t the orret orienttionF o de(ne if the two shpes mthD we hve de(ned metri nd im to minimise itF hen rotting nd sling the environment mpD the trget shpeD nd thusD the metri will hngeF Environment map rotation & scale: st is not intended to reover the orret ltiE tude nd longitude of the light soureD rther to djust oherent positioningF st is lso importnt to hve in mind tht during the orienttion proessD rys need to e omputed t eh new tested rottion nd sleF e test IVH possile orienttions nd di'erent slesF e do not hve to test QTH possile orienttions euse the referene ojet shdow is pled on one side or the other of the referene ojet impostorF sn hlf of the sesD when the light soure is on the sme side the shdowD rys do not ross the impostorF here is no intersetion nd soD no trget shpeF he numer of tested sles is not (xedF ynly minimum environment mp size hs een (xed @ritrrilyD ten times the referene ojet sizeAF feuse the environment mp is onsidered representing the fr geometryD mximum size nnot e (xedD nd sine the IPU metri minimistion gives etter resultsD the environment mp rdius n inreseF sing thtD we otin set of rys de(ning trget shpe lose to the referene ojet oneF Metric computation: o determine if the environment mp is t the orret positionD we ompute metri @lled here M slD metri shdowGlightAF he metri is de(ned s the sum of the minimum distne of eh ry @of the trget shpeA with the referene ojet oundriesF M sl(rotation, scale) = ray intersection mindist( ray intersection , object boundaries ) @SFIHA sf rys re fr from the ojet oundriesD the minimum distne nd the metri will e lrgeF gonverselyD if the rys re lose to the ojet oundriesD the minimum distne nd the metri will e smllF husD minimising this metri llows us to otin trget shpe the loser possile to the referene ojet oundriesF e ompute the minimum distne with the referene ojet euseD using the light pth from the shdow to the light soure does not llow us to otin orret mthes etween the shdow nd the ojet @i.eFD we nnot de(ne whih point of the shdow mthes with whih point of the ojetAF sing the minimum distne for ll rys is not physilly orret ut ensures to get orret pproximtion of the shpes9 similrityF sn some sesD the rys interset the ojetF ht espeilly hppens for rys strting from points of the shdow shpe lose to the sis of the ojetF sn lrge numer of light soure positionsD these rys will interset the ojetF husD we use the ojet oundries nd not the totlity of the ojet pointsD for two resonsF he (rst reson is tht we use shdow oundries to de(ne the rysF st is more physilly orret to use the ojet oundries to ompre sme unitsF woreoverD euse the ojet nd shdow hve pproximtively the sme size in the lol sene input imgeD we n onsider tht the referene ojet oundries nd the referene ojet shdow oundries hve pproximtively the sme numer of pixelsF he seond reson is tht if we onsider the totlity of the ojet shpeD ry tht intersets the ojet will hve distne of 0F sn this seD to minimise the metriD it is preferle to otin the mximum rys whih interset the ojetF his sitution ppers when the environment mp rdius deresesF sndeedD if the environment mp rdius deresesD the light soure will e loser to the shdows nd soD the one de(ned y the rys nd the trget shpeD smllerF prom thisD it results tht more rys n interset the interior of the ojetF o void thtD onsidering the ojet oundriesD llows otining minimum IPV distne di'erent to 0 lso in ses of ry interseting the ojetF Metric minimisation: winimising the metri llows us to otin trget shpe mthE ing est the ojet shpeF sf the ojet is perfetly inluded in the trget shpeD then the light soure in the environment mp is in the orret position to rerete the shdow from the referene ojet we onsiderF sn this seD we n onsider tht the environment mp orienttion is the orret oneF o minimize the metriD we test IVH possile orienttions nd di'erent slesF e do not limit the size of the environment mp rdius euse it represents the environment t in(nityF sn prtieD we nnot give n in(nite rdius to the environment mpF e stop the minimistion proedure when the M sl di'erene etween the two steps is too smllF sndeedD when the environment mp rdius inresesD the one de(ned y the rys @nd soD the trget shpeA enlrgesF roweverD when the environment mp rdius is highD n enlrgement of the rdius does not signi(ntly hnge the one nd thereforeD the reE sulting M sl metri will not signi(ntly hnge eitherF feuse our gol is to (nd the environment mp orienttion nd euse suh omputtion of the sle is not physilly orretD in this seD we stop the minimistion proedureF et the end of this stepD we otin the environment mp orienttionF sn setion SFRD we will show the results we otinD nd limittions of oth methods desriedF

Results

sn this setionD we show the results we otin for the method using Ph rys de(nition nd the methods using impostors rys9 de(nitionD nd desrie how the methods performs in di'erent sesF

Rays' denition using 2D information : he (gures SFP nd SFV present respetively three nd two di'erent results of the mthing etween referene ojet nd its shdowF e n see tht the results re di'erent for ll the presented senesF sn the presented resultsD the light soure is visile for etter understndingF roweverD in rel seD the light soure my not e visile in the lol sene imgeF st is not prolem euse the ry de(nition step ims to (nd one tht llows de(ning n re on the environment mp surfe nd not to reover the light position diretlyF roweverD if rys surround the light soure position in Ph in the lol sene imgeD the re on the environment mp surfe will e t the orret position to (nd the orret orienttionF sn (gure SFPD re presented from left to rightD se with one not preise enoughD se IPW pigure SFV ! esult of the orienttion of the environment mp using the Ph rys9 de(nition on di'erent senesF he light pth used is the light pth from the shdow to the referene ojet @see setion QFQD light pth IAF op lineX using ue presenting ommon oundry with the shdowF fottom lineX using sphere without ommon oundryF where the one perfetly surrounds the light soure positionD nd se where the one surrounds the light soure position ut is very lrge nd neessittes some re(nement to e le to (nd orret environment mp orienttionF pigure SFV presents se on the top rowD where the one prtilly surrounds the light soure nd orret se on the ottom rowD where the rys re more or less prllelF yn this (gureD the greener light ry isD the smller the distne etween the two points of the mth is ndD the luer ryD the higher the distne isF he two points of mth re shown in redF his result vrition is due to the lrge numer of riteri @see setion SFPFIA nd prmeters to de(ne the one of rysF ih vrition of riterion n hnge the resulting oneF hue to the methods using only Ph informtion orienttion result uryD we did not try to de(ne in detil whih prmeters in)uene the results the mostF Orientation results of the method using only 2D information to dene rays:

he environment mp orienttion is onsidered here s orret if the light soure on the environment mp is pled inside the re de(ned y the rys on the environment mp surfeF pigures SFWD SFIH nd SFII present orienttion results of the method using Ph rys9 de(nition in di'erent sesF sn eh seD the exposed orienttion is the est we hve foundF ests hve een onduted mostly with sujetive ssessmentsF st did not pper relevnt to develop n ojetive method to evlute the results euse we estimted tht IQH pigure SFW ! esult of the orienttion of the environment mp using the Ph ry9s de(nition on seneD zoom on the lol seneF he light pth used is the light pth from the shdow to the referene ojet @see setion QFQD light pth IAF roweverD we n see tht the environment mp rdius is too smll ompred to the lol sene @impostorsAF the pproh ws not su0iently vluleF pigure SFW presents n orienttion result of the environment mp round lol seneF he light soure is orretly positioned within the re de(ned y the rys @in lueAF o otin orret result @i.eFD otin the sme ltitude for rys nd lightAD following the priniple exposed in (gure SFUD the environment mp rdius hs een reduedF es onsequeneD the environment mp nd the lol sene hve the sme mgnitudeF pigure SFIH presents orienttion with di'erent light pro(lesF yn the left prt of the (gureD the orienttion of single light soure is omputedD nd on the right prtD this is done for three di'erent light souresF e n oserve tht the orienttion for single light soure is orretly reoveredF sn this seD the re de(ned y the rys de(nes irle whih is the sme shpe s the ojetD nd the light soure is perfetly positioned insideF he orienttion of three di'erent light soures is optionlly reovered with eh light soure positioned lose to tht projeted positionF pigure SFII exposes speil se where the light soureD the referene ojet nd the mer re ligned @in this orderAF sn this seD the shdow is pled etween the referene ojet nd the merF e n notie tht we do not expose speil ses where the light soure is pled etween the referene ojet nd the merF sndeedD in this seD the shdow is hidden or prtilly hidden y the referene ojetD nd no mth n e foundF IQI pigure SFIH ! esult of the orienttion of the environment mp using the Ph informtion for rys9 de(nition using di'erent lights pro(lesF he used light pth is the light pth from the shdow to the referene ojet @see setion QFQD light pth IAF veftX (nl result of the plement of the light soure inside the re desried y the rys for one light soureF ightX smeD for three lights souresF yn the top lineD is presented sene using ue shring ommon oundry with the shdowF he light hs een pled lose to the zenith of the ue to otin smll shdowF yn the ottom lineD sene using sphere without ommon oundriesF sn this seD the shdow is not lose to the ojetF feuse we do not onsider rys too lose to the order etween the ojet nd its shdowD only smll prt of the ue shdow is used to de(ne rysF hereforeD the resulting shpe on the environment mp surfe hs the prtiulrity of eing elongted nd not orretly representing the shpe of the ojet ut only prt of itF hue to the prtiulr ple of the light in this seneD the one is lrge ndD even if the light soure n e pled inside this reD this one is too lrge to de(ne this result s orret orienttion @i.eFD mny other light soure positions re possileAF he ottom line presents n idel se where the light soure is pled perfetlyD nd so the environment mp orienttion n e orretly de(nedF Orientation results of the method using impostor rays' denition: esults of the method using impostor for the rys9 de(nition re shown in (gures SFIP for the lol sene nd SFIQ for glol seneF his method ims to reple the referene ojet shpe into the shpe de(ned y the intersetion of the rys with the ojet impostor @i.eFD the trget shpeAF eginD lthough metri hs een developed for the orienttionD llowing it to e done utomtillyD the orienttion qulity of the method using impostor for the • his is not lwys possile to ple the light soure in the one de(ned y the rys due to the position of the lightF sndeedD these methods present some prmeters whih in)uene the result of the set of mthes @numerD ngle for the oneD preision of the resultAF iven if the vlue of these prmeters hs een de(ned to provide stisftory results in most sesD results re not roust enoughD prtiulrly in speil sesF por instneD filure ses re ses with light soure pled ehind the merF sf the lightD ojet nd mer re lignedF sf the ojet does not touh the )oor @nd so the shdowAD ut the projetion on the mer pln @due to the mer or light positionA presents ommon order etween the shdow nd the ojetF ell these ses need to dpt the prmeters of the riteriD ut sine we wnt n utomti method without user helpD suh dpttion nnot e onsideredF

• he lst prolem we deteted isD for usD the min prolem of this methodF e onsider tht the ojet is on plne nd not Qh ojet @see (gure SFIA to reover the Qh mthesF he reovered Qh mthes re n pproximtion ut not omplete Qh reoveryF he (gure SFIH presents reovered lulted re using spheril ojetF he resulting re on the surfe of the environment mp presents some IQT disontinuitiesF hese prolems result in the pproximtion of the ojet to surfeF sn this exmpleD the reovering re orresponds to the shpe of the ojetF fut in some ses @espeilly if only prt of the ojet presents some mthesA the reovered re hs not the sme shpe thn the ojetF iven if the lulted re llows usD in most sesD to reple the light soure nd to (nd n environment mp orienttionD we nnot e sure tht it is the orret orienttionF he method using impostors for the rys9 de(nition hs een developed in wy to resolve itD ut n only prtil Qh method is not su0ientF pigure SFIS ! tudy se of ylinderX prolem to (nd some mthes due to the shpe di'erene etween the ojet nd its shdowF 5.5.2 Method using impostor for rays' denition he hnges present in the method using impostor for the rys9 de(nition re supposed to prevent prolems enountered in the full Ph methodF o void the mjorities of issues deteted with the method using Ph informtionD we hve deided to hnge the rys de(E nitionF his new de(nitionD diret Qh de(nition using impostorsD llows voiding ll the (rst steps nd so the prolems linked to itF sndeedD if the mthes re de(ned diretly in QhD ll the issues relted to the Qh reovery nd previous steps @e.gFD the one de(nitionD riteriD Qh reoveryA re voidedF

• sing impostors to simulte the Qh nd de(ne rys does not llow us to void ll ry de(nition prolems we ould meet using full Ph methodF sndeedD even if the rys de(nition does not depend on the shpe of the ojet euse using light pth from the light to the shdow @see setion QFQAD light pth PD the resulting set of rys is not insured to orretly represent the physil light pthF he prolem is just pushed k furtherD t the plement of the ojet in the re de(ned y the rys step @see setion SFQFQAF o summriseD it is not ensured tht the trget shpeD orresponding to the Ph ojet shpeF IQU pigure SFIT ! fd results of the plement of the referene ojet inside the re desried y the set of rysD using the light pth from the min light soure to the shdowD see setion QFQD light pth PF he method fils to reple the ojetF

• sn some sesD the shdow is pled in front of nd ehind the ojet regrding the mer positionF prom thisD result tht the shdow shpe @i.eFD horizontl impostorAD is on oth sides of the ojet @i.eFD vertil impostorAF sndeedD euse we ple the impostor intersetion t the level of the sis of the ojetD prt of the shdow n e higher this level on the imge plneD nd the other one lower this levelF sn this seD some rys do not interset the ojet impostor regrdless of the light soure positionF sn hlf of the possile light soure positions @i.eFD IVH • possile environment mp orienttionAD prt of the rys is in this seF sn the other possile light soure positionsD the other prt of rys is in this seF en esy wy to void this prolem is to ignore these rysF roweverD in this seD the prolem is to know whih rys we hve to ignoreF ytin suh divergene @the two sets re in opposite diretionsA n ring us to otin IVH • orienttion errorF sn dditionD otining two sets of rys in the opposite diretion is not physilly orretF sndeedD euse ll rys ome from the sme light soure nd de(ne the sme shdowD ll rys must e prllelD nd thusD in the sme diretionF

• sf we onsider ll points of the shdow oundries to de(ne rysD some of them my e lose to the ojetD espeilly if the ojet nd shdow present ommon orderF sn this seD those rys lwys interset the ojet impostorF ht is euse the light is not pled t in(nity nd soD rys re not prllelF ht is not physilly orretF woreoverD euse we do not tke into ount depthD rys strting from the shdow too lose to the ojet will lwys interset the depth ojet prt whih is projeted on the plneF o void thtD rys must e de(ned t ertin distne from the ojetF his IQV distne is hrd to de(ne euse regrding to the ojet nd of the rel light soure positionF

• es for the method whih de(nes rys using only Ph informtionD we onsider tht the ojet is on plne nd not full Qh ojet @see (gure SFITA to reover the Qh mthesF iven if we n onsider the shdow shpe on plne @the groundA nd so the rys set s orret representtion of the one de(ned y the lightD the rys set interset Ph impostor where the totlity of the Qh ojet hs een projetedF e do not tke into ount the depth of the ojetD nd the projetion of Qh ojet on Ph plne modi(es the shpe of itF husD the omprison of the trget shpe nd the ojet one is not physilly orretF eginD we onsider this prolem s the min one even if the method using impostor for the rys9 de(nition orrets prolems linked to the previous one @e.gFD the rys de(nitionAF 5.5.3 Conclusion & highlighting on the importance of the real 3D of the local scene sn this hpterD we hve presented two methods for environment mp orienttionD using full PhD nd mixed Ph 8 Qh method using impostorsF hose methods present orret results in simple sesD ut euse of too lrge vrition in results in more omplex ses nd speil ses @e.gFD light pled t the zenith of the ojetAD those methods re not trustworthy nd nnot e generlisedF woreoverD the lrge numer of prmetersD espeilly for the method using Ph informtion @e.gFD riteriD see setion SFPFIAD ut lso for the method using impostor for the rys9 de(nition @e.gFD the neessry distne of the ojet impostor to tke into ount rysAD do not llow us to otin good results in lrge vriety of sesF hose prmeters must e de(ned se y seD depending on the seneF hose prmeters re not esy to de(neD smll vrition of these involves lrge vriety of resultsF pinllyD the too numerous limittions @presented in the previous setion SFSA of those methE ods led us to think tht oth methods re not roust enough nd do not llow to generlise them to rel sesF his is why we do not develop ny metri to test the ury of those Optimisation method: gurrentlyD eh possile environment mp orienttion nd difE ferent sles re tested to re(nd the orret oneF futD euse glol minimum of the used metri @see setion RFSA n e found @see (gure RFTAD we n rgue tht fster method n e usedF sndeedD n optimistion method to (nd the est orienttion s qrE dient desent ould e set upF sing suh method ould improve the omputtion time y testing only suset of possiE le orienttion nd onverge towrds the glol minimum without testing eh possiilityF ISI Orientation improvement: e seond improvement linked to the orienttion @i.eFD regE istrtionA step SFQ is to (rst look for the orienttionD nd then look t the right sleD only for the etter orienttionF sndeedD ll our tests hve shown the sme rdius vlue present the minimum sore for every ngleF sn other wordsD for eh possile rdiusD the minimum metri vlue is t the sme theta ngle vlueF sn this seD serh (rst the etter rdiusD nd thenD only for this rdiusD the etter ngleD improve the reserh time signi(ntlyF iven if the omputtion time is not key pointD improve this spet is plus for the methodD mostly if this environment mp orienttion method is integrted into pipelineF 6.4 Future work -Machine learning approach o omplete the orienttion method presented in hpters QD S nd R method using whine lerning hve een strtedF xo suh rel @or virtulA dtset is ville yet nd the retion time of suh dtset is importntF por these two resonsD we prefered to use softwre to rete the dtsetF he prmeters we hnge re the numer of di'erent virtul senes we reteD the numer of di'erent lol imges we pture for reted virtul seneD the numer of light pro(les nd the numer of environment mp rottions we wnt to onsiderF ih virtul sene is reted using severl ojets @housesD treesD hrtersAF por eh virtul seneD the numer of eh type of ojet is hosen rndomly in the seneF ih ojet is pled rndomly in the sene nd the ojet olor is lso hoosen rndomlyF he ground is )t nd n present slight inlintionF sts olor vries etween green nd rown to e more relistiF he sky pro(le is hoosen mong set of sky pro(les @sunnyD loudyD riny nd sunsetA with di'erent louds for eh seneF he (gure TFI presents suset of generted dtset using ovyF he imges work in pirsX n environment mp nd lol sene imgeF yn lineD ll imges present the In this thesis, we present a method to automatically register an environment map with a local scene. In the literature, many methods need to orient the environmental map to be coherent with a local scene. This orientation is mostly done manually by a user. A characteristic of our approach is that we do not need to create a complete 3D model of the local scene nor interact with the user. We propose a pipeline to create a virtual representation of the scene using our input data. This representation includes the global scene represented by the environment map and the local scene represented by a reference object and its shadow. By knowing the position of the main light source on the environment map, we can simulate the lighting and project a computed shadow on the ground. It is possible to compare the computed shadow shape with the input one to recover the correct position of the main light source. The nal orientation of the environment map is directly related to the position of this main light source. We provide an evaluation of the proposed approach by calculating two metrics that compare our angle estimate with actual ground truth directions. Our orientation estimation shows that our method recovers a correct environment map orientation. In this thesis, we are interested in real input data. The environment map and the local scene are extracted from photographs or videos, which already contain a lighting rendering. It is therefore important to orient the environment map in a way that is consistent with the existing lighting in the local scene. We propose an automatic method, to orient an environment map to a local scene. This method is driven by the behavior of light, drawing rays of light towards an object and attempting to match two shadows, one given as input and one calculated. We also use 3D data from the object we are considering. The originality is that we base our method on how light behaves in order to calculate and match shadows. By matching the shadows, we can estimate the correct position of the environment map. 

  Universit é de Reims Champagne-Ardenne École Doctorale Sciences du Num érique et de l'ing énieur TH ÈSE pour obtenir le grade de Docteur de l'Université de Reims Champagne-Ardenne nous présentons une méthode pour reler utomtiquement une rte d9environnement ve une sène loleF hns l littértureD de nomreuses méthodes ont esoin d9orienter l rte d9environnement pour otenir une ohérene ve une sène loleF gette orienttion est dns l mjorité des s e'etuée de mnière mnuelle pr un utilisteurF ne rtéristique de notre pprohe est que nous n9vons ps esoin de réer un modèle Qh omplet de l sène loleD ni d9intergir ve l9utilisteurFxous proposons un pipeline pour réer une représenttion virtuelle de l sène en utilisnt nos données d9entréeF gette représenttion omprend l sène glole représentée pr l rte d9environnement et l sène lole représentée pr un ojet de référene et son omreF in utilisnt l onnissne de l position de l soure lumineuse priniple sur l rte d9environnementD nous pouvons simuler l9élirge et projeter une omre sur le solF sl est lors possile de omprer l forme de l9omre lulée ve elle de l9omre d9entrée pour réupérer l position orrete de l soure lumineuse prinipleF v9orienttion (nle de l rte d9environnement est diretement liée à l position de ette soure lumineuse prinipleF xous fournissons une évlution de l9pprohe proposée en lulnt deux métriques qui omprent notre estimtion d9ngle ve les diretions réelles de référeneF xotre estimtion d9orienttion montre que notre méthode réupère une orienttion de rte d9environnement orreteF Mots-clés : grte d9environnementD élirgeD mér QTHD pnormD soure de luE mière virtuelleD imge sphérique R Abstract sn this thesisD we present method to utomtilly register n environment mp with lol seneF sn the litertureD mny methods need to orient the environmentl mp to e oherent with lol seneF his orienttion is mostly done mnully y userF e hrteristi of our pproh is tht we do not need to rete omplete Qh model of the lol sene nor intert with the userF e propose pipeline to rete virtul representtion of the sene using our input dtF his representtion inludes the glol sene represented y the environment mp nd the lol sene represented y referene ojet nd its shdowF fy knowing the position of the min light soure on the environment mpD we n simulte the lighting nd projet omputed shdow on the groundF st is possile to ompre the omputed shdow shpe with the input one to reover the orret position of the min light soureF he (nl orienttion of the environment mp is diretly relted to the position of this min light soureF e provide n evlution of the proposed pproh y lulting two metris tht ompre our ngle estimte with tul ground truth diretionsF yur orienttion estimtion shows tht our method reovers orret environment mp orienttionF sn this thesisD we re interested in rel input dtF he environment mp nd the lol sene re extrted from photogrphs or videosD whih lredy ontin lighting renderingF st is therefore importnt to orient the environment mp in wy tht is onsistent with the existing lighting in the lol seneF e propose n utomti methodD to orient n environment mp to lol seneF his method is driven y the ehvior of lightD drwing rys of light towrds n ojet nd ttempting to mth two shdowsD one given s input nd one lultedF e lso use Qh dt from the ojet we re onsideringF he originlity is tht we se our method on how light ehves in order to lulte nd mth shdowsF fy mthing the shdowsD we n estimte the orret position of the environment mpF Acknowledgement -Remerciements in prémuleD je souhite dresser sinèrement tous mes remeriements ux personnes qui m9ont pporté leur ide et qui ont insi ontriué à l9élortion de ette thèseF out d9ordD je voudri remerier les memres de mon jury de thèse pour leurs retours pertinents et ienveillnts sur mon trvil et pour voir ssisté à m soutenne mlgré les onditions prtiulières de elleEiF te remerie ussi mes endrntsD géline et iorgosD qui ont su m9orienter dns mes reherhesD me onseiller en fisnt preuve de ptiene tout du longF t9imeri ussi remerier m fmille qui m9 pporté ses enourgements et son ide tout e tempsF weri d9voir fit déorder mon s tous les dimnhes soirsF weri à wrie pour son soutien onstnt et ininterrompu qui m9 permis d9ller de l9vnt même dns les moments les plus di0ilesF te remerie ussi pour leur solidrité eux qui m9ont idé u quotidienD ollègues mis ussi mis X hvidD irwnnD ixvérineD prnisoD timmyD toëlD tonthnD torisD tulienD vudoviD woE hmedD wuhndD xiolsD ierre et j9en oulie sûrementFFF weri ussi à x pour toutes es heures pssées ensemle qui m9ont permis de trouver l sortieF U Publications lysse vrvy helrivièreD iorgos ghrysnthouD nd géline vososF eutomti environE ment mp registrtionF sn iyqersg hort ppersD PHIWF Communications PHIVExovemerEITX tournées prnçises d9snformtique qrphiqueD qh sqD epsqD oitiersF Évolution des techniques d'acquisition et d'utilisation des cartes d'environnementsF PHIWEperuryEIRX qroupe de rvil endu du qh sqED éléom risehD risF Orientation automatique de carte d
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  light pth from the shdow to the lightD environment mp F F F F F F F F F F IQR SFIR fd resultX Ph rys9 de(nitionD light pth from the shdow to the referene ojet F F F F F F F F F F F F F F IQS SFIS tudy se of ylinder F F F F F F F F F F F F F F F F F F F F F F F F F F F F F de nomreux domines de l9infogrphie utilisent des rtes d9environnementF ne rte d9environnement peut être onsidérée omme une représenttion de l9environE nement distntF ges rtesD imges à QTH degrésD permettent pr exemple d90her un rrièreEpln dns des pplitions de rélité virtuelleF illes peuvent églement simuler un élirge de mnière ohérente pour une sène lole réée virtuellementF ges imges servent de données d9entréeD ontennt les informtions de lumière distntes de l sèneD et peuvent don être utilisées pour méliorer l onnissne des prmètres de lumièreF ne première étpe onsiste à orienter orretement l rte d9environnement pr rpport à l sène loleF r exempleD le soleilD soure de lumière présente dns de nomreuses sènes d9extérieurD doit être plé u on endroit pour pouvoir être pris en ompte lors de l9éliE rge de l sène loleF hns l pluprt des proédés de l9étt de l9rtD ette orienttion est e'etuée mnuellement pr l9utilisteur ou lissée de ôtéF Intérêt des cartes d'environnement : gomme le montre ette setionD l9intérêt de l ommunuté pour les rtes d9environnement ugmenté u ours du tempsF v mnière de les représenter et l diversité des domines qui l9utilisent se sont diversi(ées ve le tempsF v (gure IFID représente et engouement en fontion du tempsF ves di'érentes lignes de ouleur représentent pproximtivementD pour hun des xesD l9ttrit de l ommunutéF ne diversité roissnte de dispositifs permettnt leur quisition et de s d9utilistion est montréeD illustrnt insi le fort intérêt de l ommunuté pour e domineF ves zones de )ou de hque ligne expriment le fit qu9il n9est ps isé de svoir quelles sont les utilistions possiles de hque tehnologieF in e'etD un domine d9utilistion où une telle utilistion d9une rte d9environnement pu être fite vnt l dte indiquée n9est ps à exlureF einsiD ertines ÷uvres peuvent utiliserD en totlité ou en prtieD une tehnologie spéi(queD présente ii même en dehors de l zone indiquéeF gette (gure montre églement qu9il existe un grnd nomre de dominesD nomre llnt roissnt ve le tempsD utilisnt des rtes d9environnement et qu9il s9git d9un outil qui ser enore utile dns un prohe venirF Problématiques : ves prolèmes détetés lors de nos trvux ont été les suivntsF hns l9étt de l9rtD plusieurs méthodes utilisent des rtes d9environnement pour oteE nir un résultt (nl ou un résultt intermédiire d9une méthodeF eulementD ette étpeD en fontion de l9importne de l rte d9environnement dns le proessus @importnte dns une méthode de réélirgeD moins dns un hillge d9environnement virtuelD pr PI exempleAD est rélisée mnuellement ou non e'etuéeF hns plusieurs sD ette étpe est ignorée ou onsidérée omme seondireF ue e soit dns une pplition d9élirge ou dns une pplition purement déortiveD pour plus de ohérene et en prtiulier pour l ohérene de l9élirgeD l rte d9enviE ronnement doit être orretement orientéeF in e'etD l sène lointine et l sène lole ne sont ps déonnetées et l sène lointine un imptD notmment en termes d9élirge sur l sène loleF i l position des soures lumineuses ne orrespond ps u pro(l de lumière de l sène loleD l ohérene ser perdue et l9immersion églement en s de déortion de l9environnement et des prolèmes d9élirge se produisnt en s d9ppliE tion de réelirementF sl est don néessire d9dpter l rte d9environnement à l sène lole qui nous intéresseF Objectifs de thèse : hns ette thèseD nous nous intéressons ux données d9entrée réellesF v rte d9environnement et l sène lole sont extrites de photogrphies ou de vidéos ontennt déjà un rendu d9élirgeF sl est don importnt d9orienter l rte environnement en ohérene ve l9élirge existnt dns l sène loleF xotre premier ojetif est de présenter les prolèmes d9intérêt et d9orienttion de rte d9environnement pour ugmenter les résultts des pplitions en les utilisnt dns leur méthodeF our e fireD nous proposons une méthode utomtiqueD dérite plus en détils iEdessousD pour orienter une rte d9environnement pr rpport à une sène loleF xotre ojetif est églement de omprendre le omportement lumineux de l sèneF he nomreuses pplitions sont possiles ve une méliortion des résultts ou de l ohérene de euxEiD lorsque le pro(l de lumière présent dns l9environnement est dpté à l sène tritéeF gomprendre l lumière d9une sène permet de mieux ppréhender l9omre d9un l9ojet omme s position ou les ré)exions de lumièreF Contributions : gette thèse présente les ontriutions suivntesF Une étude sur les cartes d'environnement : xous développons dns le hpitre P une étude sur les rtes d9environnement qui présente les di'érents spets de ette repréE senttionF remièrementD nous ordons di'érentes tehniques d9quisition utilisées pour pturer ou otenir une rte d9environnementF xous présentons des méthodes à prtir de soures réellesD omme l rétion de mosïques à prtir de photogrphiesD l9utilistion de mér dédiée ou d9une sphère hroméeF h9utres méthodes permettent de les otenir à prtir d9informtions rti(ielles omme l pture d9environnement virtuel ou le lul PP insuiteD l9importne des rtes d9environnement dns le domine du rendu est dériteF n pnorm de leurs utilistion est églement dressé pour démontrer l9ttrit de et outil pour l ommunutéF hi'érents domines d9pplition sont mentionnés omme l9édition vidéoD l rélité ugmentée ou l9pprentissge profond @deep lerningAF he plusD d9utres pE plitionsD en dehors du domine purement informtiqueD peuvent étre mentionéesD omme l visite virtuelle de lieux prfois néessitnt l rétion d9imges QTH • omptnt des milE lirds de pixelsF in(nD nous présentons di'érentes méthodes néessitnt une orienttion rouste des imges QTH • omme l nvigtion de véhiules rootisés dns un environnement inonnuF Un algorithme de recalage automatique de cartes d'environnement : xous déveE loppons dns les hpitres QD S et R une nouvelle méthode pour orienter utomtiquement une rte d9environnement utour d9une sène lole en utilisnt l9omre d9un ojet de référene et l9informtion lumineuse présente dns l sèneF ge trvil été pulié dns l session (Eurographics short paper en PHIWAF xous exposons d9ord dns le hpitre Q l9idée générle de l méthode et les di'érentes données d9entrée X l sène loleD l sène glole et les informtions supplémentires que nous vons extrites des données d9entréeF ve hpitre S montre les di'érentes tenttives que nous vons fitesF sl est divisé en deux tégories X elles qui utilisent uniquement des informtions Ph dns l sène lole pour réupérer l9orienttion de l rte d9environnementD et elles qui visent à réupérer ou utiE liser une prtie de l Qh de l sène lole en utilisnt des imposteurs ou l9informtion de profondeurF xous exposons de plus les limites de es méthodes et expliquons à quel point il est importnt d9utiliser l onnissne Qh de l sène lole (n d9otenir des résultts ohérentsF xous présentonsD dns le hpitre RD une méthode utilisnt l géométrie d9un ojet de référene présent dns l sène lole pour réupérer une orienttion orrete de l rte d9environnement utour de l sène loleF yn extrit lors dns un premier temps l9orienE ttion de l9omre de l9ojet de référeneD puis dns un seond tempsD on ompre ette omre de référene à une omre luléeD en suivnt le trjet des ryons lumineuxD pr lul virtuelF ne étpe de minimistion est lors e'etuée pour réupérer l meilleure orienttion de l rte d9environnementF xous exposons en(n les résultts otenusD et les limites que nous vons identi(éesF xous proposons des méliortions possiles à e'etuer dns des trvux futursF PQ Méthode théorique utilisant le Machine learning : xous présentons églement dns ette thèse une pprohe préliminire d9une méthode d9pprentissge pour trouver l9orienttion d9une rte d9environnementF xous exposons le trvil e'etué jusqu9à préE sent X l reherhe e'etuée sur l forme du réseu neuronlD l rétion d9un jeu de données virtuelD l9étude des méthodes existntes et plus préisément l omprison possile ve une méthode déjà prueF xous exposons ensuite l limittion de ette pprohe insi que l di0ulté de l olletion d9un ensemle de données réelles su0sntes de pires d9imges @sène lole G sène gloleA dns di'érentes expositionsD lieuxD moments de l journéeD etcF xous essyons de surmonter ette limittion pr l rétion d9un ensemle de données virtuellesF xous exposons lors les vntges et les inonvénients d9une telle pproheF Présentation du document : v thèse est orgnisée omme suit X • ve hpitre P présente l9étt de l9rt des rtes de l9environnementF ves tehniques d9quisitionD leurs utilistions en rendu et dns d9utres domines sont présentéesF in(nD des méthodes utilisnt l9orienttion des rtes d9environnement est exposéeF • hns le hpitre QD un prémule de notre méthode de relge utomtique de rte d9environnement utour d9une sène lole est exposéeF ves données d9entrée et une vue d9ensemle de notre méthode sont exposéesF • ve hpitre R présente notre solutionD en utilisnt l9informtion Qh d9un ojet de référene présent dns l sène loleF xous développons les di'érentes mnières pr lesquelles nous otenons l géométrie Qh d9une sène et présentons en détil l9étpe d9orienttion de notre méthodeF in(nD nous exposons les résultts et présentons une onlusion et les limites d9une telle méthodeF • ve hpitre S présente di'érentes pistes testées (n de réduire le nomre d9hypoE thèses ou de données d9entrées de notre méthodeD en prtiulier l onnissne de l géométrie de l sène loleF hi'érentes fçons de dé(nir les ryons lumineuxD un pipeline Ph ompletD ou des imposteurs sont utilisésF xous présentons les résulE tts et disutons des limites de es méthodesF xous expliquons lors pourquoi une onnissne de l géométrie de l sène lole est importnteF • ve hpitre T résume les ontriutions de ette thèse et onlutF uelques trvux futurs et les méliortions possiles sont répertoriésF xous développons églement quelques pistes que nous suivons sur une méthode de whine lerning pour orienter une rte d9environnement ve une sène loleF Addendum : giEdessousD nous listons les synonymes et ronymes utilisés pour dérire le onept de carte d'environnement F hns l littértureD les di'érentes ommunutés qui PR utilisent et outil peuvent nommer les cartes d'environnement en utilisnt di'érentes déE

  in omputer grphis use environment mpsF en environment mp n e viewed s representtion of the fr environmentF heses mps llowD for exmpleD to disply kground in virtul relity pplitionsF hey n lso simulte oherent lighting for lol virtul seneF hese mps t s input dt ontining the distnt light informtion of the fr sene nd n thus e used to improve the knowledge of the light prmetersF sn order to use n environment mp D (rst step is to orretly orient it in reltion to the lol seneF por exmpleD the sun or the light soure present in the distnt seneD must e pled in the right ple for proper onsidertion during the illumintion of the lol seneF sn the most methods of the stte of the rt this orienttion is done mnully y the user or left sideF he wy to represent environment mp nd the diversity of domins whih use it hve inresed with timeF pigure IFI represents theses inftutions over time in the ommunityF he di'erent oloured lines represent roughlyD for eh xis of the stte of the rtD the ommunity lure over timeF e growing diversity of devies nd use ses re illustrtedD showsing strong interest of the ommunity for this (eldF flur res orrespond to the ft tht this (gure pproximtes the ext usge time of tehnologyF sn ftD some works n resort to spei( tehnology even outside this de(ned lure reF his (gure lso shows tht there is very diverse nd lrge numer of works using environment mpsD nd tht is tool whih will still e useful in the ner futureF 1.2 Problematic sn the stte of the rt severl methods use environment mps to otin result or interE medite resultF his step is usuly done mnully or not done t llD depending on the importne of the environment mp in the proess @ruil in relighting method whih im to hnge the light pro(le of seneF xot importnt in virtul environment deorE tionD for exmpleAF sn mny sesD this step is ignored nd onsidered seondryF roweverD whether in relighting pplition or in purely deortive pplitionD for more ohereneD espeilly lighting ohereneD the environment mp must e well orientedF sndeedD the fr sene nd the lol sene re not disonnetedD nd the fr sene hs n imptD espeilly in term of lighting on the lol seneF sf the positions of the light soures re not in dequy with the lol sene light pro(leD the ohereneD thusD immersion my e lost nd lighting prolems will our in se of relighting pplitionF PU pigure IFI ! golor lines represent roughlyD for eh setion of the pperD the ommunity lure over the timeF equisition setions re shown in greenD uses in yellow @for renderingA nd redF ome dtes re lso exhiited to shown key works or relevnt use of environment mpF 1.3 Thesis objectives sn this thesisD we re interested in rel input dtF he environment mp nd the lol sene re extrted from photogrphs or videosD thus lredy ontining lighting e'etsF st is therefore essentil to orient the environment mp in oherene with the existing lighting of the lol seneF yur gol is to solve environment mp orienttion @i.eFD registrtionA issues to gurntee tht the environment lighting positioning urtely oinides with the resulting lighting e'et tht n e oserved in the lol seneF yur ojetive is to propose n utomti pproh tht requires miniml user input nd sene knowledgeF 1.4 Contributions his thesis presents the following ontriutionsX A study about environment map: e present in hpter P study out environE ment mps whih present di'erent spets of this toolF pirstD we present di'erent quisiE tion tehniques used to pture or otin n environment mpF ome methods from rel souresD s the stithing of photogrphy or the use of QTH • mer or hrome sphereF yther methods from rti(il informtion s the pture of virtul environment or the omputtion of n nlyti modelF henD the importne of environment mps in the rendering domin is desriedF e pnorm of environment mps usge is lso mde to show the ommunity lure for this PV toolF hi'erent domins of pplitions in omputer siene re mentioned s the video editionD ugmented relityD or deep lerningF roweverD lso di'erent pplition outside the omputer siene sphere or virtul visitD potentilly needing the retion of QTH imge ounting illions of pixelsF pinllyD we present di'erent methods for whih roust QTH • imge orienttion is importntD s root nvigtion in unknown environmentsF Automatic environment map registration algorithm: e present in hpters QD SD nd R new method to utomtilly orient n environment mp round lol sene using the shdow of referene ojet nd the light informtion present in the seneF his work ws pulished in the Eurographics short paper in PHIWF e (rst expose in hpter Q the generl ide of the method nd the di'erent input dtX the lol nd glol sene nd dditionl informtion we extrted from the input dtF e presentD in hpter RD method using the geometry of referene ojet present in the lol sene to reover orret orienttion of the environment mp round the lol seneF e (rst reover the orienttion of the referene ojet9s shdow nd then ompre it to shdow genertedD following the light pthD y virtul omputtion using the environment mpF e minimistion step is done to reover the est orienttion of the environment mpF e (nlly expose our results nd tlk out the limittions nd possile improvementF he hpter S shows our ttempts to redue hypothesis or input dt of our methodF st is diE vided into two tegoriesX ones whih use only Ph informtion of the lol sene to reover the orienttion of the environment mpD nd others whih im to reover or use prtil Qh of the lol sene using impostor or depth informtionF e expose the limittions of these lss of methods nd explin how importnt it is to use Qh knowledge of the lol seneF Machine learning theoretical method: e present introdutory work on mhine lerning method to (nd the orienttion of n environment mpF e expose the work done for this thesisX the reserh mde out the neurl network shpeD virtul dtset retionD study of the existing methods nd more preisely the omprison with stte of the rt methodF e then expose the limittion of this pproh nd the di0ulties of gthering dtset of pir of imges @lol sene G glol seneA from rel sene in di'erent expositionsD plesD the moments of the dyD etcF e try to overome this limittion y the retion of virtul dtsetF e expose the dvntges nd disdvntges of suh n pprohF PW 1.5 Document overview he thesis is orgnized s followsX • ghpter P presents stte of the rt on environment mpsF equisition tehniquesD imge mppingD nd usge re presentedF pinllyD environment mps positioning tehnique re exposedF • sn hpter Q premle of our utomti environment mp registrtion method round lol sene is exposedF snput dt nd n overview of our method re exposedF • ghpter R presents our solution using the Qh geometry of referene ojet in the lol seneF e develop how the Qh geometry of the sene is reovered nd show in detil the registrtion step of our methodF pinllyD we show results nd present disussion on limittions of suh methodF • ghpter S presents pprohes we test to redued hypotheses or input dtF hi'erE ents wys to de(ne light rys re used to develop di'erent test methods using full Ph pipeline or impostorsF e present results nd disuss out limittions of those methodsF woreoverD we explin why knowledge of the geometry of the lol sene is importntF • ghpter T summrizes the ontriution of this thesis nd onludesF ome future work nd possile improvements re presentedF e lso develop some plusile diretions on mhine lerning method to register n environment mp with lol seneF

  glossry of terms used in this mnusriptX • gonvex hullX he smllest suset of points whih inlude set of pointsF hedued from the projeted pointsD we ompute onvex hull to redue the numer of points for omputed shdow nd otin omprle shdow shpe to the input oneF • hepthX hepth imge given s inputF sn this workD the depth imge llows us to reover rough Qh set of points of the referene ojet in hpter RF • ihX iuliden histne rnsformF e distne mpD representtion of the distne to shpeF e use it to ompute metri to ompre two di'erent shdow shpesF • invironment mpX QTH • imgesF ee global scene on this glossryF ome synonyms re presented in prt IFT on pge QIF • pieldEofEviewX epresents the mer lens ngleF sn this doumentD lrge (eldEofE view imge is n imge whih represent sene with n ngle lrger thn IVH • or n environment mp imgeD nd low (eldEofEview imge represent lol sene imgeF • qeometryX Qh informtion of the referene ojetF e set of points given s inputD representing the referene ojet nd diretly used to reover omputed shdow shpeF sed in hpter RF QI • qlol seneX pr sene surrounding the lol seneD whih is omprle to kE groundF st usully ontins more informtion @on elements in the glol seneD light informtionD geometry etcFA thn low (eldEofEview imges thnks to its lrger (eldE ofEviewF • rhX righ dynmi rngeF e representtion of light intensities lrger thn low dynmi rnge imgesF pei(llyD it extends the rnge to llow non sturted olors oth in underexposed @drkA nd overexposed @rightA resF feuse suh n imge represents lrge rnge of intensitiesD it n serve s n environment lighting representtionF • smpostorX Ph representtion of Qh ojetF en imge pled in Qh spe to represent n ojetF sn this workD we use them to represent the referene ojet nd its shdow in hpter SF • vol seneX ene @ojetsD geometry etcFA lose to the userF sully the re we re looking forF • wthX sn hpter SD we de(ne mth s orrespondene etween point of the referene ojetD nd point of its shdowF o (nd orret mthesD we hve de(ned rules exposed in setion SFPFIF • wethodX e present di'erent method to register the environment mp round lol seneX E e Ph method whih uses only Ph input imges to de(ne rys nd reover the light soure diretionF E e PhGQh method whih uses impostors to ompute Qh rys nd reover the light soure position on the environment mp surfeF E e full Qh method whih uses Qh informtion @depth or geometry of referene ojetA to de(ne shdow shpe nd ompre it to n input shdowF e summry tle TFI on pge ISI shows in detils the di'erenes etween these methodsF • diusX dius of the environment mpF iven if this vlue llows us to otin the orret environment mp orienttionD it hs no physil mening euse we mke the ssumption tht the environment is pled t in(nityF QP • yX sn this workD we de(ne light ry s Ph or Qh line tht onnet light soureD n ojetD nd the ssoited shdow shpeF e de(ne three types of rys in setion QFQF • eferene ojetX win entrl ojet of the lol seneF he ojet of the lol sene we use to ompute nd ompre the shdowsF • egistrtionX gorresponding geometril orret positioning etween the ontent of n environment mp nd the lol informtion of sme seneF • hdowX yluded prt from the light soureD resulting in drk region visile on n imgeF sn this workD we ompre shdow shpe given s input with omputed shdow shpe to reover the orret environment mp orienttionF • hetX θF he ngle we re looking for to register the environment mpF st orreE sponds to the ngle tht the environment mp hs round the zExisF por etter understndingD see (gure QFI on pge @environment map ou iwA est une imge qui donne des inforE mtions sur l lumière entrnte d9une sèneF rditionnellementD une rte d9environnement est une imge sphérique à IVH • ou QTH • F h9utres types de représenttions possiles sont une imge ylindrique ou une cube mapD ue omposé de T fesD qui sont ussi des repréE senttions entournt l sèneF ne mér montée ve un ojetif (shEeye est l9ppreil le plus ourmment utilisé pour otenir de telles imgesF ne utre fçon de pturer une rte d9environnement est d9utiliser une sphère hromée omme dns txvIH ou heHVF ves ppreils plus réents permettent de pturer diretement des imges sphériques QTH • D pr exempleD une mér ioh het utilisée dns frISD un dispositif regroupnt qutre mér qoroest exposé dns vxIS ou une mér vdyug dns IHF

  • (shEeye lens to pture video sequenes nd 5 Photo from wikipedia. RR pigure PFR ! opX (shEeye lens mounted on merF fottomX hi'erent QTH • mers @from left to rightAX vdyugD fulm nd ioh hetF otin Qh reonstrution of ityF vterD oriiD rvlen nd jdl rII propose pipeline for trjetory estimtionD nd imge stiliztion of omnidiretionl imgesF e (shEeye lens of IVQ • view ngle is used in this work to otin highEqulity imgesF vhuillier et alF vxIS uild hs @4do it yourself4A helmetEmounted with four qoro mers to otin QTH • imges in the horizontl plneF hey synhronize nd lirte the four mers y omputing time o'sets etween mers nd interEmer rottionsF wore reentlyD dedited devies to otin suh imges hve een proposed on the mrketF he simpliity of use nd the ft tht the synhronistion nd lirtion steps re lredy doneD mke of these mers prtil tools nd llow esier or new usesF to et alF IH use vdyug mer @see (gure PFRD ottom leftAD pled t di'erent viewpoint in n environment to otin Qh environment using pirs of highEresolution spheril imgesF uim et alF urIQ use rotting line sn mer to ptures the full surrounding visile seneF fodington et alF rfISD use ioh het mer @see (gure PFRD ottom rightA for QTH • rendering for virtul relity pplitionsF vterD n et alF IUD uses spheril mer mounted on wheeled root to otin QTH (shEeye pnorm dtsets nd llow the root nvigtionF he root nd mer devie re shown in (gure PFPPF ekrzdeh et alF epw + HT propose devie mounted on r using three mers to rete horizontl RS (eld of view of IPH degreesF enother mer is tilted upwrd to otin vertil (eld of viewF he im is not to otin omplete QTH imge reovery ut the ide of lrge (eld of view nd pointed up mer is similr to omnidiretionl imges deviesF 2.1.3.3 Virtual environment map

2. 3

 3 Background on rendering and light reection pigure PFIH ! pirst environment re)etionF gourtesy of fxUTF he (rst use of environment mpsD introdued y flinn in IWUT fxUTD ws the re)eE tion mpping to simulte the re)etivity of surfe y interrogting the environment mp ording to the diretion of ry re)eted y surfe @see (gure PFIHAF qreene qreVT extended the sope of environment mps y using ue to represent the environment mpD then lled cube mappingF his hoie strongly in)uened the history of rendering on qs sine this form of ui texture is implemented diretly in the vrious grphis ess nd is still usedF re uses this environment mp to represent the kground of seneD introduing sky boxing for lighting simultionF qreene qreVT tkes up the onept of re)etion mppingD in the ontext of o1ine rendering from the ide of hitted hiUWX pixel is not onsidered s simple point ut s surfeF por the re)etionD it is then neessry to onsider the portion of the environment mp overed y the k projetion of pixelF his poses the hllenge of smpling the environment mpD s the size of the re overed my e lrge under ertin onditions @see (gure PFIIAF portuntelyD the use of pyrmidl texture or mipEmpping ilVQ limits the numer of texture esses nd llows to remin usle t n eptle ostF pigure PFII ! ixel re re)etionF veftX e pixel with smll kEprojetion on the environment mpF ightX he pixel footprint overs multiple fes of the ue mpF he use of skyEoxes is widespred for rendering pplitionsD espeilly in the (eld of SI relEtime rendering on qsF st is question of glol environment mpX ll the pixels on whih no geometry of the sene is rsterized will hng the olour orresponding to the diretion of view in the skyEoxF his tehnique hs een implemented on qs sine the erly PHHHsF imilrlyD the re)etion nd refrtion e'ets n e simulted y omputing the diretion of re)eted or trnsmitted em s funtion of the norml to the surfe nd the view diretionF st should e noted tht refrtionD in the ontext of rsteriztion renderingD is more visul e'et thn rel refrtion sine the diretion of the em is only modi(ed t the point of entry of n ojetF he skyEox llows dding relism for ost limited to single ess texture per pixelF roweverD olusions y ojets of the sene re not tken into ountF st is possile to prtilly orret this inonveniene y using dynmi skyEoxes updted t eh imge llowingD for exmpleD to hve the re)etion of n ojet of the sene on nother one @see (gure PFIPD left imgeAF st n e noted tht these re)etions re only urte for distnt environmentD theoretilly pled t in(nityD sine the result is linked to diretion regrdless of the position of n ojet in the seneF henever lose ojets re representedD prllx rtifts re produedF pigure PFIP ! ixmple of sky ox with dynmi re)etionF veftX on sphereF ightX on trnsprent sttue with refrtionF 2.4 Image based lighting he purpose of using environment mps isD on the one hndD to redue lultion osts y limiting the size nd omplexity of the sene to e modeled nd renderedD ndD on the other hndD to integrte relEworld dt to inrese the relism of renderingF e signi(nt prt of the reserh ims to mke the est use of environment mps s light soure to illuminte seneF hese soElled imgeEsed illumintion methods will mke it SP possile to simulte lighting of mterils with inresingly relisti idiretionl re)etne distriution funtions or fhpsF e)etion mpping orresponds to the se when the inoming rdine of the environment mp depends only on the diretionF 2.4.1 Introducing BRDF pirst of llD it is neessry to rell the rendering eqution @PFIA for nonEemitting surfe tht llows the rdine to e lulted in ny diretion @see (gure PFIQAF e)etne n e de(ned s spheril onvolution of the inident illumintion nd the fhpF

  the ttenution ftor relted to the ngle of inideneF pigure PFIQ ! e)etne shemeF e fhp is generlly omposed of di'usion nd re)etionF pigure PFIR illustrtes some si fhp funtionsF fy omining si fhpsD it is quite esy to desrie models of mterils used in imge synthesisF ht llows the pperne of mterils to e lulted with isotropi fhp @one n turn round norml without hnging the re)etionAF hi'usion results from vmert9s lw where the surfe of mteril lso ppers di'use from ll diretionsF his fhp f rd is therefore funtion of the di'use oe0ientD tht is SQ pigure PFIR ! everl fhp funtionsF opD leftX the fhp of perfet mirrorF opD midE dleXperfet di'usionD ording to vmert9s lwF opD rightX di'use re)etionsF fottomD leftX trnsmission re)etionD when prt of the light psses through the mteril ording to the lws of nellEhesrtesF fottomD middleX mteril modeling sed on miro fets like gookEorrne9s modelF fottomD rightX zoom on the surfe to illustrte the roughness of the mteril with re)etions in vrious diretions nd selfEolusion resulting from the miroEfet modelF the di'use ledo ρ d of the mteril @see eqution @PFPAAF

  Hardware considerationo fully understnd the hoies of reserh xesD it is neessry to tke into ount the evolution of hrdwre onstrints relted to the q nd grphis essX nowdys it is not unommon to use lrge numer of rendering psses nd to omine the use of numerous texturesD just s in the pst the limited resoures of qs ould justify tehnil hoies tht hve for some ompletely dispperedD suh s sphere mppingF por exmpleD methods sed on proli environment mps were quite populr in the erly PHHHsX it hd the SS dvntge of using only two textures to over ll diretions nd ould e generted in two rendering psses where the ost ws three times higher with ui representtion knowing tht the ui representtion ws not supported ntively y ll qsF ith the hrdwre support of generlized ue mpping over mny yersD the inresing mount of grphis memory nd the omputing power of qsD these methods now hve less vlueF 2.4.3 Diuse lighting he prolem of illumintion y n environment mp is well illustrted with the se of di'use illumintionX to ompute lighting in one diretionD it is simply required to smple the hlfEspe of the environment mp round this diretion y tking into ount the osine weight of the ngle etween the diretion of the smple @see eqution @PFPAAF he prolem is similr for speulr re)etions s they require to smple the portion of the environment mp overed y the speulr loeF por di'use illumintionD qreene qreVT uses rute fore pproh y preEomputing for ui environment mp the orresponding irrdine mp @see (gure PFISA or for eh diretion the di'use ontriution is storedF his solution is extremely ostly in terms of omputtion timeX t the eginning of the PHHHsD omputing n irrdine mp of 64 × 64 × 6 from n environment mp of 300 × 300 × 6 took out P hoursF his signi(nt ost is esily explined y the omplexity of the prolem to e solvedX the omplexity of the omputtion of n irrdine mp of resolution i from n environment mp of resolution e is in O(e 2 × i 2 )F pigure PFIS ! invironment mp nd the orresponding irrdine mpF portuntelyD irrdine mps representing lowEfrequeny signl @ onvolution on hemisphere n e ompred to lowEpss (lterAD do not require high resolutionF he dvntge of this pproh in rendering is tht di'use lighting is single texture essF he use of irrdine mps works eqully well for ue mpping s for proloid mpping rWWF heeve et alF heWV use the sme priniple with sphere mppingF roweverD sphere mpping is viewEdependent representtionF sn grl et alF gyxWWD nonE liner interpoltion method etween these mps llows to over ll diretions in relEtime ST rendering on q from severl irrdine mps of the sme environment from severl nglesF o void the ostly environment mp preE(lteringD mmoorthi et alF rHI point out tht the genertion of irrdine mps results in imges with lowEfrequeny signlsD so we n llow (rst rendering pproximtion whih onsists in omputing the di'use rdiE ne y vertex nd thenD interpolting fterwrd y frgment while keeping qulittive resultF sn ddition to its omputtion timeD the irrdine mp involves storing n ddiE tionl textureD nd depending on the qs9 pilitiesD to dd n dditionl rendering pss whih is detrimentl to performneF o void these disdvntgesD the lultion of the di'use omponent of mteril is done y (ltering the environment mp in the frequeny domin sed on spheril hrmonis @equivlent to pourier trnsform on sphereAF hese re sptil funtions whose weighted sum mkes it possile to pproximte funtion on the unit sphere suh s irrdineF mmoorthi et alF show tht omE intion of spheril hrmonis of order H to PD i.eFD nine funtionsD is su0ient to otin n pproximtion lose to one perent of the onvolution result of hemisphere on the environment mpF he (rst step of preE(ltering the environment mp mkes it possile to otin the nine qf triplets tht serve s weights when dding the ontriutions of the di'erent hrmoni funtionsF his preE(ltering is fst @omplexityX O(e 2 )AD in the order of seondD nd mkes it possile to otin muh more ompt representtion thn n irrdine mpD even of low resolutionF huring the rendering phseD the omputtion of the di'use olour is simple polynomil sum from the norml nd the oe0ients lulted during preE(ltering stepF uing uinHS nd uutz et alF uhHRD inspired y the spherE il hrmonis pprohD lulte in relEtime the irrdine of dynmi environment mp on qF 2.4.4 Glossy reection yne extension of the environment mps is its use s soure of re)etion with the se of glossy re)etions @see (gure PFIRD top rightAF he pproh is similr to the one used to lulte irrdine mps exept tht the onvolution of the environment mp is not performed on hemisphereY it is restrited to the speulr loeF reidrih et alF rWW propose to preE(lter the environment mp to mke new texture whih ontinsD for eh diretionD the outgoing rdine orresponding to the speulr re)etion loe of hong modelF his new texture is known s speulr irrdine environment mpF sn dditionD lookup tle with preElulted presnel ftors is used in order to represent more relisti mterils t lower lultion ostsF e disdvntge of this type of (ltering is SU pigure PFIT ! pheril hrmoni deomposition @ourtesy of rHIA opX on the (rst rowD the nine spheril hrmoni funtions with the green nd lue olours whih represent respetively the positive nd negtive vlues displyed on sphereF fottomX exmple of reonstrution on olour hnnel from the di'erent hrmonis weighted y the ssoited oe0ients L m F tht it is y nture relted to single speulr powerD so hving di'erent hong mterils in the sme sene implies hving texture per type of speulr loeF his (rst (ltering is dpted to the hong model whih is only n empiril modelD with fhps of more relisti mterilD the shpe of the re)etion loe vries ording to the inident ngle of the viewing diretionX the loe eomes nrrower nd longer for grzing nglesF uutz et alF uwHH propose to (lter the environment mp with severl speulr loes to otin re)etion mps for eh of them nd to e le to mke more omplex fhpF rierrhil (ltering is pplied using the mipmppingD whih llows fst ut lower qulity (lteringF fsed on vfortune9s hhpD wilster et alF wvrHP (lter the mps of the environment ording to di'erent speulr exponents @stored in the di'erent ws mps levels of the glossy re)etion mpA to e le to render mterils notoriously nisotropiF ht is performed y dding texture to store the nisotropy diretion of the mteril nd the speulr exponent whih llows to determine etween whih ws mp levels to interpolte in order to otin n pproximtion of the glossy re)etionF uutz et alF uhHR use n identil pproh sed on the ws mpD whih does not require ny preE(ltering even if the result is pproximtedF rensley et alF rvHS propose to store the environment mp in summedEre tle whih hs the dvntge of eing le to quikly dd retngulr portion of n imge with onstnt reding numer whtever the size onsideredF ell these SV tehniques llow otining onvining rendering of vrious types of fhps without tking shding into ountF 2.4.5 Global illumination he illumintion methods presented ove onsist of onvolution of the environment mp y fhpF lon et alF uHP deide to dd elementD visiilityD y limiting to the si lighting frequeny environmentF husD this tehnique dds visiility to the priniple of mmoorthi et alF rHPF sn this seD it is the renderedEojet selfEshding whih is enoded s spheril hrmonis in preEstepF his tehniqueD known s the preElulted trnsfer funtionD n e used to simulte the (rst nd seond interEre)etion reoundD glossy re)etion nd susurfe sttering mterilsF his pproh is limited to nonE distorting ojetsF sn PHHSD lon et alF vHS present n extension to tke into ount nimted ojets sed on prtiulr lsses of spheril hrmonisD the zonl hrmonisD whose prtiulrity is to e invrint for spei( xisF hnks to this spei(ityD rottions re esier to ompute thn with lssil spheril hrmonisF ht permits relEtime rendering of nimted ojets while llowing the mngement of umpy surfes with wrinklesF trting from the oservtion tht spheril hrmonis re not very e0ient to represent highEfrequeny signls even if their numer is signi(ntly inresedD xg et alF xrHQ propose to (lter the environment mp with wvelet funtions tht hve the dvntge of representing oth high nd lowEfrequeny signlsF husD it is possile to otin hrd nd relisti shdows with deomposition of PHH wvelets to otin qulittively lose rendering of PH spheril hrmonis deomposition while remining in intertive timeF

  his gives eqution PFIH in the se of purely diretionl lighting with n environment mpF he smpling methods proposed y the ommunity n e lssi(ed y the hoie of the weighting funtionY one of the (rst hoies is to onsider tht the smpling importne funtion should e the inverse of the fhpF his pproh is prtiulrly well suited to very speulr fhps ut loses e'etiveness for di'use fhpsF everl works re oriented towrds this tehniqueD inluding vfortune et alF vpqWUF e seond solution is to hoose the distriution of the inident rdine s pdf F egrwl et alF eftHQ propose hierrhil representtion of the environment mp in order to rete more smples in the res with the most importnt rdine vluesF husD with only QHH smplesD the result is muh etter thn with IDHHH purely rndom smples while hving onvining results with no noiseD even with smll numer of smplesF roweverD this type of tehnique is more dpted for di'use thn speulr fhpsF o improve the two previous smpling fmiliesD the ide is to omine oth types of tehniques for the smpling importne funtion to e sed on the entire integrl nd not on single omponentD in the form of produt of smpling importne like gtewtHSD using wvelet to generte the smplesD nd tgtHWD sed on spheril hrmonis (lteringF ql et alF gwVUD in the ontext of o1ine renderingD onsider the ojet surfes s umpy to generte speulr re)etionsF o hieve thisD they onsider surfes omposed of tringulr miro fets distriuted on regulr grid nd generte preEomputed tle in four dimensions tking into ount prtil or omplete olusions of the fes to represent the fhp in the form of spheril hrmonisF his method presents dvntges for very rough surfesD s the numer of spheril hrmonis required for good re often used for lighting or relighting seneF ht hs een introdued erlyD s for exmple with huert et alF hhWU who used skyEdome to ompute the glol illumintion of n outdoor seneF ellini et alF elIHD fgh + IQ develop n interfe whih llows the users to edit the lighting e'ets of n rh environE ment mpF he use of pnorms s input dt for n illumintion lgorithm is more nd TH more ommon euse of the dditionl informtion tht these ringF woreD we n note there tht most methods desried in this setion do not use rh environment mpF here exist methods to ompute Qh model of n outside environment using pnormsD wuHW vxISF he pnorms re quired in di'erent wys either from set of S qoro mers mounted on helmet used y userD or from qoogle treet iew 6 pnormsF imilryD pnorm n e used to reonstrut Qh ojetsD suh s uilding or smll ojets vh + IR urISF yther methods reover the trjetory of stereosopi mersD s in rIID using similrity etween pnormsF yther methods whHQ whHT rIQ reover the rottion of QTH • mer or to relign pnormsF yther usges of pnorms re possile like with rfIS where QTH • imges re used for virtul relity pplition or in hgvII where method whih (nds orrespondene etween pnorms is shownF ginemD speily in speil e'etsD ws n erly (eld to use environment mppingF e n mention the 4pseudopod4 reture of The Abyss @IWVWD tmes gmeronAD or the 4E IHHH4 hrter of Terminator 2: Judgment Day @IWWID tmes gmeronA for whih the ompny Industrial Light & Magic use re)exion mpping @seeD + HWD setion QFI or ul heeve wesiteD heHTAF wore reentlyD the sme kind of tehnique hs een used y Marvel Entertainment to rerete sron mn rmor in the movie Iron man 2 @PHIHD ton pvreuD see noIH for severl exmplesAF 2.5.2 3D from environment map everl methods hve een developed these lst yers to otin Qh informtion from pnorms or environment mpsD otined with di'erent deviesF ome of themD use QTH • mer syIS wuHWD nd others mer nd q euII or mer with (shEeye lens urIQF qoogle treet iew spheril imges rHW II wuHW re used in severl ppers euse of the size of the qoogle9s dtse whih present spheril imgesD tken with unique devie @t lest for given reAD t regulr distnes @see (gure PFIUAF he video strem n lso e used either to generte lrge set of pnorms relted to eh other in known order vxIS euIIF yn the oppositeD the uthors of urprII rerete Qh environment using single imge nd user nnottionsF yther methods use set of spheril imges vh + IRD urIQD urIR or syISF wost of the methods presented in this setion use strutureEfromEmotion nd feture extrtion to generte output dtF trutureEfromEmotion is tehnique whih llows 6 Streetview website TI pigure PFIU ! snput dtX qoogle treet iew pnormsF gourtesy of rHWF estimting threeEdimensionl strutures using twoEdimensionl imge sequenesF his kind of tehnique is minly used when the motion of the mer is known nd re more or less the sme etween the di'erent PhEimgesF por these resonsD the methods using qoogle treet iew pnorms @rHWD wuHWA re espeilly well dpted for using strutureEfromEmotionF ythers II use epipolr geometry to generte Qh model using sttistil geometri onstrintF trutureEfromEmotion is lso used with video strem vxIS euIIF ideos present the sme hrteristisF ell hve the sme gp etween imges @the mer motion is uniformAD whih llow simple estimtion of the mer motionF en importnt step of the Qh reonstrution is to register the di'erent imgesF e ommon wy is to use feture or element extrtion s in (gure PFIVF wost reserh employ sp or p for feture extrtion @rHWD rrt + ISAF hese methods ompute desriptors @or visul feturesAD on relevnt pixels in the imgeF e desriptor is vetor of vlues ontining informtion s the position of the relevnt pixelsD sleD or orienttionF feuse these desriptors re invrint @i.eFD they hve the sme vluesA to the trnsltionD rottionD sleD nd orienttionD their vlue stys the sme in di'erent imgesF fy omprisonD it is esy to link pnorm @or prt of pnormA with nother oneF uim et alF urIR use ry nd ppr desriptors whih they de(ne s 4est Qh desriptors4 @de(ned in other studiesAF e yer lterD uim nd rilton urIS use rough trnsform to otin Qh representtion of the seneF pinllyD in euIID the pnorms re split into TRxTR tiles to extrt fetures nd estimte the pose of the pnormF everl methods solve for Qh reonstrution sed on points @rHWD syISA or surfes @vxISD rrt + ISD wuHWAF uim nd rilton urIQ urIS propose two methE ods sed on ui projetion nd using fde lignment for the outside reonstrution TP pigure PFIV ! isulistion of fetures in pnormi imgesF gourtesy of IIF of streets nd uildingsF foth methods o'er respetively plneEsed urn sene Qh reonstrution nd Qh lo world reonstrution to estimte the surfes of the ojets @see (gure PFIWAF 2.5.3 360 • video editing and blending sn order to rete QTH • imgesGvideosD it is neessry to perform lendingF hu et alF

  ugmented relity is the ddition of virtul ojet in rel sene with orret omE mon lightingF wny pprohes were developed sine the erly ges of omputer grphis TQ pigure PFIW ! veft plne reonstrutionF ightX lo reonstrutionF gourtesy of urISF tHU tvHT tht onsider oherent ommon lightingF ome of them use environment mpsF por exmpleD to et alF sWW propose method to superimpose virtul ojet onto rel seneF e rdine mp is onstruted using n omnidiretionl stereo lgorithmF heeve heHV demonstrtes method whih uses sene rdine nd glol illumintion for dding n ojet in rel sene oherentlyF he sene is splitted into three prtsX lolD glolD nd synthetiF e light soure model is reted for the distnt seneD nd the mteril of the lol sene is estimtedF pinllyD ompositing using light proe is presentedF enother pplition for ugmented relity is proposed y ee et alF fgISF hey use mer system to pture set of imges nd rerete n rh environment mp oriented to n ugmented relity pplitionF sndeedD n environment reognition for moile devie is then used to dd informtion on uildings present in the environmentF wore reentlyD wonroy et alF wrIV solve for n ugmented relity pplition using moile devie in relEtimeF sing set of imges nd depth informtionD n environment mp is pturedD nd virtul ojets re renderedF yver timeD the environment mp is updted when the moile devie ptures new dtF qrosh et alF qiwHU propose n illumintion method of virtul ojets in rel inE door environment @ gornell foxA illuminted y outside lightingF o otin oherent illumintion of the virtul ojetD the ner @onsidered s indiret nd di'use lightA nd fr illumintion @onsidered s diret illumintionA re omputed seprtelyF he fr illuE TR mintion is otined using (shEeye lens mounted on merF e oherent illumintion is omputed without depending on the position of the (shEeye lens ompred to the oE jet positionF por thisD irrdine volumes re omputed for severl possile emitters to pproximte indiret lightF he superposition priniple of light is then used to otin the (nl illumintionF 2.5.5 Deep learning he reent rise of deep lerningD mde possile y new omputing filitiesD hs opened reserh to their use on environment mppingF sn most of the ses gonvolutionl neurl

  otin prtil re)etne mpF hey (nlly deEonvolve the results to otin n illuminE tion mpF he dtset ontins rel nd syntheti exmplesF qeorgoulis et alF q + IV propose nother method to otin re)etne nd illumintion from n ojetF hey (rst otin the re)etne mp nd then deompose it into two lyersX the fhp prmeters nd n environment mpF TS pigure PFPH ! esults of the horizon lignment of pnorm on the rightEhnd side from the input imge on the leftEhnd sideF gourtesy of ytIUF wndl et alF ww + IU use geometry nd ledo of ojets to estimte inident lighting in relEtimeF everl gxxs re trined with di'erent illumintions nd mer poses of Qh ojet @one for eh pose nd illumintionAF por given input imgeD the mer pose is deteted (rst efore hoosing whih gxx must e used to detet the orret illumintionF ome results of ugmented relity re (nlly exposed using the deteted lighting nd ompred to the rel environment mpF eer et alF vIVA propose to predit the indoor lighting using piture of known ojet @geometry nd re)etneAF his method does not use simple gxx ut n utoEenoderD whih is n unsupervised deep lerning lgorithmF he utoEenoder presented here is le to predit plusile lightingF o trin this networkD uthors use dtset of PIDHHH rh indoor environment mpsF glin et alF gvq + IV estimte n rh environment mp from single vh outdoor humn fe imgeF he ide is to use the fe s n environment mpF hey reover Qh geometry of fes nd trin n utoEenoder to model sky hemisphereF purthermoreD they present dtset of syntheti nd rel fesF hng et alF vIU reover n rh environment mp from n vh outdoor pnormF hey lso use n utoEenoder trined on dtset of vh pnormsF yttendele ytIU proposed method using deep lerning for ligning pnorms9 horizonF sndeedD ommon limittion of spheril imges is thtD when user tkes piture using QTH • merD the horizon n e deformedD whih reks relismF his rtile orret the deformtion of suh piture 'eted y the rottion of QTH • mer @4tilt and roll 4AF he third rottion of the mer does not distort the horizon ut only hnges the initil viewing @i.eFD the enter of the photoAF e hxx @deep neurl networkA is trined on SHHDHHH rotted pnorm leled with tilt nd roll vlues to lern how to orret themF o otin etter resultsD severl rounds of trining re exeuted to (nlly otin rottion to within HFI degrees on verge @result on PFPHAF TT enother pproh IU llows root nvigtion in n outdoor environment s illustrted in (gure PFR top rightF e gonvolutionl xeurl xetwork is used to trin series of lssi(tion tsks for the nvigtionF he gxx is trined using QTH • (shEeye pnormsF 2.5.6 Virtual visit pheril imges hve een used inresingly in the lst dedes to llow user to virtuE lly visit pleF his method provides etter immersion or omprehension of the ple thn set of low ngle pituresF he immersion feeling n e inresed with the use of immersive virtul relity tehnologyF sn most of the sesD the spheril imges re tken t di'erent ples nd llow the user to move from one pnorm to nother intertivelyF

  sn these setionsD we hve shown tht environment mps re used in severl dominsD s for their simpliity of quisitionD mnipultionD or representtionF heir origin lys in the rendering re of grphisD spei(lly in imgeEsed lightingF e showed tht mny reserh diretions relied on environment mps to ompute lightingD nd for virtulErel oherent lighting in ugmented relityF roweverD their use goes eyond lighting tehniquesF por instneD they re used for utomti nvigtion or remote visuliztionD nd mny other pplitionsF eent diretions hve proposed pprohes to solve environmenE mpE sed prolems with deep lerningF 2.6 Environment map -Positioning 2.6.1 Introduction hese lst yers severl methods hve een developed to ompute rottion of pnormF hile it is now firly esy to pture QTH degree imgeD its positioning in Qh spe still relies on mnul inputF e few pprohes hve een proposed to orient utomtilly environment mpsF st is useful for vehiles positioning or pnorm registrtion @see setion PFTFP or setion PFTFQAF TV pigure PFPI ! esult of prllel lines nd vnishing point extrtionF gourtesy of fhuIPF 2.6.2 Vehicle orientation he most ommon usge of suh tsk is the nvigtion of vehile in n unknown enviE ronment @IU or fhuIPAX the im is to utomtilly orient the vehile equipped with QTH • merD tking video or pitures t regulr time intervlF sn this on(gE urtionD orienting the vehile is equivlent to orient the spheril imgeF sn gwHVD the uthors (rst extrt vertil lines from omnidiretionl imgesF hen they lulte desriptor for eh line in given imgeF o orient the rootD they (nlly (nd mthes etween lines using the desriptor in onseutive frmes of video tken y the omnidiE retionl mer of the rootF heses mthes llow the root to orient itselfF sn fuhHV nd lter in fhuIPD lines re lso extrted to orient root in n unknown urn environmentF sn these ppersD prllel lines re extrted in di'erent diE retions nd relted to vnishing pointsD s shown in PFPID using rottion estimtion @topEdown pprohAF hey lulte rottion mtrix to reover the omplete rottion of the omnidiretionl imges of video sequene in relEtimeF sn IUD root nvigtionD s seen in (gure PFPPD uses gonvolutionl xeurl xetwork to trin series of lssi(tion tsks for the nvigtionF he gxx is trined with QTH • (shEeye pnormsF wkdi et alF whHR whHT solve for vehiles nviE gtion using omnidiretionl imgesF he used the spetrl domin nd ompute pourier TW pigure PFPP ! e root vehile @eAD the spheril mer @fA nd spheril imgesF gourtesy of IUF oe0ients in two imges to reover the rottion of the imgesF 2.6.3 Panorama registration sn hiHPD method is desried to register n imge with smll (eld of view nd high resolution with pnorm t low resolutionD s shown in (gure PFPQF hey ompute set of simple fetures @grdientA tht re ompred in oth imgesF hen they ompute the homogrphy whih minimizes orrespondene error lulted from the feturesF pigure PFPQ ! egistrtion results of the smll (eldEofEview imge with low resolution pnormF gourtesy of hiHPF UH pigure PFPR ! ose reoveryF gourtesy of vuIHF enother methodD proposed y vgnière et alF vuIH orients nd estimtes the position of dtset of pnorms in n environmentF he (rst stge of the method uses epipolr onstrints to (nd the pnorms lignment for eh pnormF he seond stge of the method proposes to reover the Qh position of eh pnorm reltively to others @(gure PFPRAF hey show results for indoor nd outdoor senesF fenseddik et alF @fregfITA show method using Qh mesh genertion of spheril imge to estimte spheril imge rottionF euthors (rst mp the pnorm on sphere nd generte Qh mesh using shpe nlysis @rew toolAF efter (xing potentil errors y (lling holes tht my e present in the meshD they ompute the optiml orienttionF 2.6.4 Conclusion sn this setionD severl method to register n environment mp re shownF his type of methods result to the neessity to know the orienttion of n environment mp to use it to otin orret resultF e sw this neessity s for vehile orienttion in n unknown environment thn for the reovery of Qh model of seneF sndeedD to orretly driveD the vehiule must know the preise pth to tkeD or to reonstrut the environment modelD we must e le to reple preisely the di'erent ojet present in the seneF2.7 Conclusionsn this hpterD we sw the di'erent environment mp quisition wysD there use in the rendering dominD their usge nd di'erent methods where environment mp orienttion UI is importntF pirst the di'erent wys to otin n environment mp hve een shownF wo lsses of methods re disernileF he (rst one is the retion of n environment mp using set of low (eldEofEview imges nd the use of stithing method to otin the high (eldEofE view imgeF hese methods present n higher omputtion ostD nd stithing nd holes prolems n pperss ut llows the user to ontrole the pnorm retion prmeters @s the ngle of viewD hnge prt of the (nl imge if n undesirle rtift pperAF he seond lss of methods is the use of quisition devies whih provide n llEinEhnd wy to otin suh imgeF iven if stithing step is done in some deviesD the user does not hve the hnds on it nd diretly otin lrge (eldEofEview imgeF eondly we show the di'erent kind of environment mp representtion in omputer to estimte whih representtion is privileged in the diferent dominsF e show tht some representtions @e.gFD ue mpA re preferle to rel time pplition euse presenting etter ess timeF yther representtion re preferle to user understnding euse less distorted @e.gFD equiretngulr mpAF e omprision of texture representtion is preE sented in tle PFIF pinllyD we show di'erent environment mp usges to exhiit the ompunity lure nd present the di'erent representtion interestF woreD we show tht environment mp orienE ttion nd positioning re importnt in di'erent re @s Qh reonstrution or orienttion in environmentA to otin orret resultsF nous proposons une méthode d9orienttion utomtique de rtes d9enviE ronnement @environment map ou EM en englisAF our otenir un élirge de sène ohérentD ussi ien pour le réEélirge ou l représenttion de mtériu omme dns fgeIID il est néessire d9orienter l sène glole représentée pr une rte d9environneE mentD ve l sène loleF einsiD nous présentons dns ette prtie un prémule à notre méthode d9orienttion utomtique de rtes d9environnement ve une onnissne miE nimle de l sène loleF ve ut de ette pprohe est de trouver l9ngle d9orienttion @thetD dns l (gure QFIA de l rte d9environnement (n d9otenir un pro(l lumineux ohérent pr rpport à l sène loleF hns les fitsD nous retrouvons ussi le ryon de l rte d9environnement et don une position orrete de l soure lumineuse prinipleD mis ette vleur n9 que peu ou uun sens physiqueF xotre volonté est de proposer une méthode utilisle ve toute rte d9environnement et toute sène loleF xotre ut est d9utiliser le moins d9hypothèses possiles sur les données d9entréeF ne première pprohe utilise l9informtion lumineuse de l sène et tre des ryons qui suivent le trjet lumineux dns l diretion des omresF v projetion de ryons ple u sol de l sène loleD selon les di'érentes méthodes présentéesD une zone d9omre u sol ou une zone de lumière sur l rte d9environnementF v9étpe suivnte vise à fire orrespondreD respetivementD l9omre ou l lumière identi(és dns les données d9entrées ve elle luléeF xous présentons d9ord les données d9entrée de notre méthode dns l setion QFP X nous présentons l sène glole QFPFID l sène lole QFPFQ et les informtions néessires qui leur sont ssoiées @l position de l soure lumineuse priniple et ses msquesAF insuiteD nous présentons dns l setion QFPFSD les informtions de profondeur et les informtions géoméE triques d9un ojetD qui sont deux données d9entrée mutuellement exlusives qui onernent un ojet de référene présent dns l sène loleF insuiteD nous présentons dns QFQD l9idée générle de l méthode et les priniples étpes de elleEi X l représenttion Qh de l sène qui nous intéresseD les étpes de tritement et de minimistion et le résultt (nlF in(nD nous présentons les di'érentes dé(nitions de ryons possiles @voir setion QFQD difE férent light path A utilisées pr notre méthodeF in e'etD pre que notre méthode utilise le US hemin de l lumièreD nous pouvons dé(nir di'érentes fçons de suivre eluiEiD hune de es dé(nitions étnt liée à l fçon de réer l représenttion Qh de l sène et d9utiliser les données d9entréeF ves di'érentes dé(nitions des ryons peuvent utiliser des données d9entrée di'érentesD mis l pluprt du tempsD les données utilisées sont identiquesF i des données d9entrée supplémentires sont utilisées pendnt l9étpe de dé(nition du ryonD nous les expliitonsF UT 3.1 Introduction / Context / Problematic sn this hpterD we present frmework to orient environment mps @EM A utomtillyF hen used to otin oherent sene illumintionD for exmple in relighting or mteril depition fgeIID it is neessry to orient the glol seneD represented y n environE ment mpD with the lol seneD represented y low (eldEofEview imge tken from n ritrry viewpointF e present in this prt premle to our utomti environment mp registrtion methodF he gol is to (nd n orienttion ngle @thetD in (gure QFIA of the environment mp to reover orret light pro(le regrding the lol seneF sn ftD we lso reover the enE vironment mp rdius to otin orret min light soure positionD ut this vlue does not hve ny physil meningF yur will is to propose methodD fully utomtiD usle with most environment mps nd ny lol senesF yur gol is thus to use the less possile ssumptions on input dt nd not to restrit our input dt with spei(ity like resolution restritionF yur method uses the light informtion of the sene nd tres rys long the light pth to reover the orienttion using shdowsF he ry projetion de(nes shdow re on the ground or light re on the environment mpF he next step ims to mth the input shdow with the omputed shdow or the input light position with the omputed light positionF pigure QFI ! invironment mp shemeF het nd phi nglesF pirstlyD we present the input dt in setion QFP the di'erent prts of the seneX we present the environment mp lso lled glol sene @setion QFPFIAD the lol sene repreE sented y n ojet @setion QFPFQAD nd the neessry informtion ssoited suh s the min light soure position @redued to pointA nd lol sene ojet mskF henD we UU present in setion QFPFSD the depth informtion nd the geometry informtion of n ojetD tht re two mutul exlusive input dt whih onern referene ojet of the lol seneF eondlyD we present in setion QFQD the glol ide of the method nd the min stepsX the Qh representtion of the sene we re looking forD the proessing nd minimistion stepsD followed y the results we otinF pinllyD we present the di'erent possile ry de(nitions @in setion QFQA used y our methodF sndeedD eh light pth is linked to the mnner the Qh representtion of the sene is reted nd the input dt is usedF 3.2 Input data yur input dt re lol sene imgeD glol sene imgeD nd some knowledge of the geometry of n ojetD lled the referene ojet in the rest of the doument present in the lol sene imge tken from n ritrry viewpointF he glol sene is represented y n environment mpD idelly loted t the enter of the lol seneF sn the environment mpD we should lso see ll the light soure omponents @onneted reAF woreoverD we ssume tht we know the msk of the shdow of the ojet present in the lol sene nd the position of t lest one light soure @whih we redue to pointA in the environment mpF hese ssumptions re resonle euse there exist mny methods in the literture to extrt these informtionF 3.2.1 Global scene : Environment map he (rst input dt of our method is QTH • degree imge of the seneF es seen in the stte of the rt @see hpter PAD there re mny wys to otin n environment mpF ell kinds of environment mps re possile s input dtD nd their representtion n vry @sphereD hlfEsphereD ylinderD or ue mpD for exmpleAF feuse we use the environment mp to rerete Qh representtion of the sene nd we projet the environment mp imge on n hlfEsphereD ny representtion is possileF ynly n dpttion to otin the orret projetion is neededF he only neessry informtion we need to know out the environment mp is the position of light soureD either y its oordintes in the imge or y its reF sn this workD we use the equirectangular representtionD in whih the thet ngle diretly orresponds to longitude oordinte on the horizontl xisF UV pigure QFP ! qlol sene or environment mp @topA ontining visile light soure or min light soureF wsk of the min light soure @ottomAF 3.2.2 Light source position in the environment map yur method uses the light pths to guide the orienttion of the glol sene round the lol seneF por thisD it is neessry to know the position of t lest one light soure in the glol sene @see (gure QFPA orresponding to shdow of the lol seneF st is most of the timeD the min light soure of the seneFhere exist severl pprohes to estimte light soure positions from imges @see ??AF roweverD it is not lwys possile to otin the light soure position in the environment mp imge @if hidden or too di'useAF sn this seD the enter of the righter prt of the imge would e onsidered s light soureF 3.2.3 Local scene e smll (eld of view imge de(nes the lol sene @see (gure QFQD leftAF his imge must ontin n ojet @lled the referene ojetA from whih we know two kinds of informE tionX its shdow msk nd its geometryF sn the method explined in RD the min ide is to use the QTH • mer s the referene ojet of the lol sene we useF ht presents UW pigure QFQ ! vol sene ontining the referene ojet nd the shdow orresponding to the light soure of the environment mp @leftAF wsk of the shdow nd of the referene ojet @rightAF severl dvntgesX• es desried in setion SFSFQD we need to know the ext Qh of the ojet we onsiderF sing the mer nd not di'erent ojet eh time llows us to de(ne only one Qh model nd not to hve to reover itF

3. 2 . 4

 24 Reference object and shadow masks enother importnt input dt is msk of n ojet lled reference objectD present in the seneD nd msk of its shdow @see (gure QFQD rightAF st is neessry to reover the two VH pigure QFR ! esult of the shdow detetion @right imgeD re in whiteA using grdient methodF gourtesy of vIHF msks from the lol sene imge whih n e done using imge proessing pprohesF es for the light soure position in the environment mpD there re mny methods tht llow us to otin the shdow esilyF sn order to detet shdowsD severl pprohes were proposedF e survey vIP lssi(es methods ording to four riteriX methods sed on sene geometryD hromtiityD the physil property of ojets of interest @e.gFD the kind of ojet for whih we wnt to otin the shdowAD or the ojet textureF ih group of methods is ompred long the following riteriX exeution timeD the possiility of using vrious ojetsD the importne of the ssumptionsF e seond survey exfiIP exposes di'erent types of methods ording to the depenE deny to the ojet or sene interestD of the level of preision @pixel or imgeElevelAD or ording to the usge of the olor or notF ih group of methods re ompred ginst their dependeny to the seneD the ury of their resultsD the onsisteny of the deteted reD nd their exeution timeF sn vIH the diretion of the grdient is used to detet shdows in surveillne videosF vlonde et alF vixIH ssumes tht the mterils onstituting the ground nd thus the shdows re limitedF hey (rst proeed to lerning phse on dtset nd (nlly test rel situtionF u et alF HS use fyesin pproh to de(ne if eh pixel of the imge is n umr pixel or notF 3.2.5 Geometry information e lst input to our method is the Qh informtion of n ojetF e ll it the referene ojetF xeedful informtion out the lol sene is the Qh geometry of n ojet nd its shdow @see (gure QFQD rightAF sing depth sensorsD prtil geometry of the ojet n e reoveredF e desrie in setion RFPFIFI how we reover it nd desrie dvntge nd VI pigure QFS ! hepth informtion @rightA of lol sene @leftAF inonvenient of suh reonstrutionF st is possile to use the QTH • mer itself s referene ojetF everl exmples using the QTH • mer s the referene ojet re shown in hpter RF feuse the two imges of the glol nd lol sene re tken from the sme seneD nd so t the sme momentD ut with two di'erent deviesD the referene ojet in the lol sene imge n e the QTH • mer whih is lredy present in the seneF e n notie theD in this seD the referene ojet is not present in the environment mp nd n not e reovered in the glol sene imgeF e hve reted Qh model of our QTH • mer @see (gure QFTD rightAF he gol of this representtion is to represent the glol shpe of the QTH • mer nd not ll the detilsF e simple model is su0ientF he model hs only QHQ vertiesD THS edgesD nd QHT fesF sf nother devie is used for the pture of glol sene or if the hosen referene ojet presents nother Qh shpe thn the one we present in this mnusriptD we n esily reple the Qh model to dpt our methodF st presents severl dvntgesX• fy de(nitionD the QTH • mer is lredy present in the seneF sndeedD if we pture the glol sene nd the lol sene t the sme timeD we (rst hve to ple the QTH • mer in the sene to pture the environmentF henD we pture the lol seneF husD it is etter not to remove the QTH • mer from the sene ut to fous on itF• sn this wyD we lredy knew the geometry of the referene ojetD nd we do not hve to estimte it using estimtion methods or depth methodsF•wost of the QTH • mers hve simple geometry esily reproduile with Qh softwreF yur test shows tht even n pproximtion y simple geometry form like retngulr prllelepiped @shpe of the used merA is su0ient to otin orret VP pigure QFT ! iture of the QTH • merF e simple Qh model of the referene ojet we use @reted with lenderAX QHQ vertiesD THS edgesD QHT fesAF resultsF • he referene ojet does not hnge from one sene to notherF sndeedD if we do not use the sme referene ojetD we need to rete Qh model dtse nd selet orret one eh timeF roweverD it is possile to use nother referene ojet thn the proposed oneF his referene ojet needD howeverD to present single hrteristiX the referene ojet should e not too smllF he referene ojet should present n elevtion ompred to the ground to otin orret referene shdowF sndeedD our method uses shdow shpes omprison to register the environment mpF husD it needs to e lrge enough to e signi(ntly disriminnt for our omputtionsF 3.2.6 Input data: generalities sn the di'erent methods presented hereD the presented input dt re not ll usedD espeillyfor the methods trying to redue the numer of input dt @see hpter SAF roweverD there re not huge input dt hnges from method to notherF e expliit eh time it is neessry for eh method the input dt usedF e hve hosen input dt with the minimum ssumptions on itF e hve tried to redue the input dt nd smll diversity of the types of dtF husD we do not wnt to hve n ssumption on the mer prmetersD e.gFD its position reltively to the referene ojet or the fol lengthF his is euse suh n ssumption ould esily e not ful(lledF sndeedD in some sesD we ould hve some situtions where the hosen referene ojet VQ ould e pled t n ritrry ple @e.gFD sene stti ojet like sttueA or ould not e pprohed y the user to e photogrphedF 3.3 Method overview pigure QFU ! yverview of the di'erent steps of the presented methodF Input data: e present here the glol ide of the methodF e (rst use the input dt @green retngle in (gure QFUA to otin the min light position in the environment mp nd the referene ojet msksF yn the (gure oveD not ll the input dt re presentedF por exmpleD the depth informtion is not represented in this (gureF fut the Qh of the mer represents itD euse used the sme wyF sn other wordsD euse the depth informtion of the sene nd the referene ojet geometry give us the sme informtionD only one of them is present hereF 3D representation: sing the input dt @we n not speify them here s desried in QFPFTAD we rete Qh representtion of the sene @lue retngle in (gure QFUAF his representtion inludes the glol nd the lol seneD inluding the light soures nd surrounding ojets present in oth lol nd glol seneF he glol sene is represented y hlfEsphere @top of the lue retngle of (gure QFUA using the environment mp imgeF he lol sene is represented in the enter of the glol sene sphere @ottom of the lue retngle of (gure QFUA using the lol sene imge nd lol sene msks to otin the input shdow @lue shpe in the lol representtion of (gure QFUA nd the referene ojet geometry to diretly otin Qh representtion of it @red points in the lol representtion of (gure QFUAF VR o omplete the Qh representtion of the seneD we use the min light soure position present in the environment mp to projet the shdow of the referene ojet on the ground @purple shpe in the lol representtion of (gure QFUA nd otin omputed shdow shpeF

  elonging to two di'erent entities mong the min light soure position in the environment mpD the referene ojetD nd the referene ojet shdowF oD we do not onsider multiple ounes for ry ut only single segmentF feuse we im to ompre shdow shpesD we only onsider the oundries of the three entities @ojet silhouetteD shdow oundries nd light soure outlineAF e tre severl rysD i.eFD set of rays onsidering the oundriesD thus gining in e0ienyF e seond dvntge is tht we otin fewer rys nd soD less lulus hs to e done to get resultF e ompred three di'erent strtegiesD solving for lightD shdow or ojet positionF husD we de(ned rys long three di'erent pthsX Path 1: from the shadow to the object e (rst wy to de(ne ry is to onsider segment etween point of the referene ojet shdow nd of the referene ojetF husD suh ry is de(ned totlly in the lol seneF st is projeted into the environment to link the lol sene to the glol seneF he method to hoose whih point of the shdow nd the ojet mth is de(ned in setion SFPFIF he projetion of stti set of rys on the environment mp surfe @i.eFD the environment mp intersetion with eh ryA de(ne oherent shpeD the silhouette of the light soure reF he gol is then to rotte the environment mp to mth the min light soure position with the otined shpeF VS Path 2: from the shadow to the light e seond wy to de(ne ry is to onsider segment etween the min light soure in the environment mp nd point of the referene ojet shdowF he ry diretly links the glol sene to the lol seneF his de(nes set of dynmi rysD whih position vries with the position of the min light soureD nd soD hnges if we rotte the environment mp round the lol seneF hen rotting the environment mpD it leds the set of rys to oinide with the referene ojet position in the lol seneF feuse we only onsider the oundries of the referene ojet shdowD we otin n empty one determined y the rys inside whih the referene ojet oundries need to lyFsn this seD we n notie tht we do not diretly de(ne rys etween point of the ojet nd point of the shdowD whih is n essentil step of the previous ry de(nition methodF xo projetion hs to e done @s in the environment mp s in the pth ID or in the ground s in the pth QA nd the ojet position is neessrily pled on the one thus de(nesF Path 3: from the light to the object e third wy to de(ne ry is to follow the light pthF e onsider the segment from the light soure in the environment mp to the referene ojet in the lol seneF e shdow shpe is otined y projeting the rys on the groundF e otin set of Ph pointsF heir onvex hull de(nes the shdow oundriesF sed this wyD the set of rys is not sttiF sndeedD it depends on the position of the min light soureD nd soD hnges if we rotte the environment mp round the lol seneF he gol is then to rotte the environment mp to modify the dynmi set of rys in order to mke the projeted shdow silhouette oinide with the originl shdow shpe position in the lol seneF sn this seD we (nlly ompre two Ph ojetsX n originl @or inputA shdow shpe nd omputed oneF he orret position of the environment mp is de(ned y the optiml overlp of oth shpesF3.4 Discussionsn this thesisD we propose severl methods to solve environment mp registrtion with lol seneF ih strts with one of the three de(nitions of the ry pths s de(ned in this hpterF hese methods re explined in the two next hptersF he tle TFID setion Discussion @SFSA show summry of whih ry de(nition is used for the di'erent tested methodsF présentons ii l9pprohe (nle de notre méthode d9orienttionF gette méthode utilise une représenttion Qh de l9ojet de référene présent dns l sène lole et le hemin de lumière llnt de l soure lumineuse présente dns l rte d9enE vironnement vers l9ojet de référene @voir setion QFQD light pth QAD pour projeter u sol une omre luléeD et omprer itértivement ve l9omre de référene présente dns l sène loleF xous vons développé deux méthodes utilisnt des données d9entrée di'érentesF v preE mière utilise l9informtion de profondeur de l sène lole pour reréer une géométrie prtielle de l9ojet de référene et l9utilise lors pour luler l9omreF v seonde utiE lise diretement en entrée un modèle Qh simpli(é de l9ojet de référene pour otenir l géométrie de l9ojet et luler l9omreF in utilisnt l9omre luléeD nous n9vons plus qu9à omprer des formes PhD elle d9entrée présente dns l9imge de l sène lole et elle que nous venons de lulerF i les deux formes oïnidentD nous pouvons onsidérer que l soure lumineuse présente dns l rte d9environnement est à un endroit orretD et lors dmettre que l rte d9environnement est ien orientéeF Information géométrique de l'objet de référence : v première étpe de ette méE thode est de réupérer l9informtion géométrique de l9ojet de référene que nous utilisonsF our elD nous présentons deux mnières d9otenir l9informtion QhF v première mE nière est de pturer une imge de profondeur de l sène loleD qui orrespond à l9imge d9entrée @voir setion QFPFQAF in s9idnt du msque de l9ojet de référene et de l rte de profondeurD nous sommes en mesure d9extrire l9informtion de profondeur de l9ojetde référeneF e l9ide d9une méthode similire à elle dérite dns l setion SFPFIFID nous otenons un ensemle de points Qh pour l9ojet de référeneF v seonde mnière est de réer un modèle Qh simple de l9ojet de référene et de le fournir en tnt que donnée d9entrée de l méthodeF v seonde mnière est plus e0eF in e'etD l méthode déduisnt les oordonnées Qh à prtir d9imges est d9une prt moins préiseD et d9utre prt ne permet que l réupértion des points de l9ojet visile pr l mér ynt pturé l sène loleF Dénition des rayons : ne fois l9ensemle de points Qh de l9ojet de référene otenuD nous plçons eluiEi u entre de l représenttion Qh de notre sèneF v dé(nition des VW ryons suit lors le prours de l lumière X nous trçons des ryons de l soure lumineuse présente sur l rte d9environnement jusqu9à hque point Qh de l9ojet de référeneF xous projetons (nlement es ryons sur le sol @pln z = 0A pour otenir un ensemle de points Ph @de même tille que le nomre de points Qh de l9ojet de référeneAF our plus de lrté et pour réduire le nomre de luls fisD nous lulons l9enveloppe onvexe de l9ensemle de points PhF Orientation de la carte d'environnement : v9ensemle de points Ph lors otenu est lors onsidéré omme l'ombre calculée de l9ojet de référeneF xous pouvons omprer ette omre ve l9omre d9entrée fournie pr l9imge de l sène loleF xous pouvons onsidérer que si l9omre lulée est l même que l9omre d9entréeD lors l soure luE mineuse est à l onne positionD et don que l rte d9environnement est orretement orientéeF uisque les ryons sont dé(nis en fontion de l position de l soure lumineuseD leur projetion et l9omre lulée l9est ussiF in fisnt vrier l9orienttion de l rte d9environnementD nous pouvons don omprer plusieurs omres lulées ve elles d9enE tréeF Résultats : our dé(nir l position orrete de l rte d9environnement @i.eFD qund les omres oïnidentAD nous lulons une métriqueF gette métrique lule l di'érene entre deux formes d9omreF gette métrique repose sur une rte de distne @Euclidean Distance Transform ou ihAF xous montrons que nous otenons des résultts ohérents pour orienter une rte d9enviE ronnement utour d9une sène lole et présentons (nlement des résultts (n de vlider notre pproheF Conclusion, limitations et travaux futurs : v dernière prtie de e hpitre est onsrée ux limittions de notre pprohe et ux di'érentes méliortions possiles que nous pouvons lui pporter pour méliorer les résultts tnt en préisionD qu9en temps de lulF xous onluons (nlement l démrhe générle de notre pprohes développée dns les hpitres QD S et RF WH e present in this hpter (rst utomti pproh of our orienttion @i.eFD registrtionA methodF his method uses Qh representtion of the referene ojet present in the lol seneD nd the light pth from the light soure present in the environment mp to the referene ojet @i.eFD setion QFQD light pth QAD to projet on the ground plne @z = 0A omputed shdowD nd ompre it itertively with the referene one present in the lol seneF e hve developed method le to use di'erent input dtF yne using depth informtion to rerete prtil referene ojet geometry nd using it to ompute the shdowF he seond one uses diretly s input simple Qh model of the referene ojet to otin the geometry informtion nd lulte the shdowF sing the omputed shdowD we must only ompre Ph shpesD the input one present in the lol sene imge nd the omputed oneF sf the two shpes oinideD we n onsider tht the light soure present in the environment mp is t orret pleD nd soD onsider tht the environment mp is well orientedF

e

  test eh possile ngle round the zExisF he experiene shows us tht the testing ngle under one degree is not relevntF he seond for loop @line 12A modi(es the sle of the environment mpF e test di'erent possile rdius etween two high vluesF e do not hek smll rdius vlues of the environment mp euse this lst one represents WI Data: imge iwD point 2D plightpos 2D D imge h mask D imge yft mask D vetor`point 3D b Qhojet Result: estngle 1 estngleD estrdiusD numer sore ← ∞ 2 3 forall point 2D p in SDW mask do 4 point 3D pi ← Qhreovery@pD yft mask A 5vetor`point 3D b sdwi ← dd@sdwiD piA 6 end 7 vetor`point 2D b sdwinput ← gonvexhull@sdwi z=0 A 8 imge imsdwinput ← imgeof@sdwinputA 9 imge imihinput ← ih@plightpos 3D ← Qhpos@plightpos 2D D iD jA 14 forall point 3D p in 3D_object do 15 r 3D ← y@plightpos 3D D pA 16 point 2D p)oor ← ploorextended@r 3D A 17 vetor`point 2D b sdw ← dd@sdwD p

  ) s seen in (gure RFID ottomX the enter of the sis of the ojet is on (0, 0, 0)F he xes xD yD nd z re shown respetively in greenD red nd lueF he ojet Qh points re represented in redF e otin Qh point per pixel present on the ojet mskF e n see tht the front fe nd top fe of the ue hve dense reonstrutionF roweverD the left fe side presents only sprse linesF his is due to the position of the mer in reltion to the ueF his fe is represented with fewer pixels thn the front nd top fesF sntermedite vlues re not represented on this feD using holesF woreoverD we n dd tht fes missing in the lol sene imges @nd in the depth imgeD e.gFD k or right fesA re not reonstrutedF his reonstrution method llows us to work without mer prmetersF sndeedD euse we wnt method tht works with every devieD we nnot e dependent on itD nd more preiselyD to the prmeters of unique devieF hoing tht exempts us from knowing or reovering the mer prmeters if the devie hnges from pture to notherF 4.2.1.2 Known 3D of the local scene enother possiility is to give the geometry informtion of the lol sene s input dtF feuse we do not use ll the lol sene ut n ojet inside itD we n model it with WS pigure RFP ! Qh model @QHQ vertiesA of the QTH • mer @leftAD nd Qh representtion of the lol sene @rightAX Qh points orresponding to verties @light redA nd projetion of eh Qh points on the )oor @z a HA in drk redF he ornge re de(nes the shdow form we use in the next prt of this methodF dedited softwre s flender 1 or wy 2 F es the gol is not to otin perfet geometry ut rough informtion of the shpe of the ojetD we do not need omplex representtion of the ojetF woreoverD euse we use the Qh ojet points to rerete shdow shpe nd ompute onvex hullD we need the extreme verties nd not verties inluded in n lredy existing feF sn other wordsD for this methodD we need verties ut not edges or fesF sing suh model gives us diretly the needed Qh points without ny dditionl ompuE ttionD only supplementl input dt @i.eFD the Qh modelAF roweverD this one does not hnge nd remins the smeF e propose here to use the QTH • mer itself s the Qh referene ojet we use to otin environment mp orienttionF e use here ioh het mer 3 F sn this perspetiveD we hve models Qh representtion @using highEqulity pitures nd hrteristis present in the o0il doumenttion 4 A of the QTH • mer we useF his representtion owns QHQ vertiesF yur tests hve shown tht we n use models with fewer vertiesF futD to ensure 1 Blender website 2 Maya website 3 Ricoh Theta website 4 Ricoh Theta S Technical page WT orret results in ll sesD we deide to use iggerD ut more preiseD modelF

4. 3

 3 Environment map orientation using geometry information of the reference object he environment mp orienttion uses the omprison of two shdow shpesF e ompre the input shdow shpe present in the lol sene imge @see setion QFPFQA to omputed shdow shpe de(ned y the set of Ph points desried in the previous setionF e onsider thtD if the input shdow shpe nd the omputed shdow shpe oinideD the environment mp orienttion is orretF WV yur orienttion method requires to follow di'erent stepsF pirstD we rete Qh repE resenttion of the seneF es previouslyD we uild Qh representtion of the sene using n hlfEsphere to represent the environment mp glol sene nd the referene ojet Qh points for the lol oneF he seond step is the shdow shpe omputtionF henD to ompre the two shdow shpesD we ompute metri tht omputes the di'erene etween themF pinllyD we test di'erent light positionsD nd so di'erent environment mp orienttionD to minimise the metri nd (nd the orret orienttionF 4.3.1 3D representation of the local scene o reover the orienttion of the environment mpD we rerete Qh representtion of the sene @see (gure SFSAF e (rst ple hlfEsphere orresponding to the environment mp with high rdius ording to the ssumption tht the environment is t in(nityF sn our

  the end of this stepD we otin two inries imgesD one for eh shdow shpeF he two shdow shpe imges re omined nd shown in (gure RFRF Euclidean Distance Transform: o ompre the two shdow shpesD we use the iuE liden histne rnsform @EDT AF he ih imge is gryElevel imgeD whih presents on eh pixel the distne to the losest pixel of region of the input imgeF sn our seD we ompute the distneD for eh pixel in the imgeD to the losest pixel of the input shdow shpeF feuse the input shdow does not hngeD the ih vlues hve to e omputed only one nd not t eh omprison with the omputed shdow shpeF he (gure RFS shows the result of the ihF he drker pixelD the loser it is from the input shdow shpeF he pixels of the shdow shpe hs the vlue 0F he further pixel is from the input shdow shpeD the higher its vlue isF sn prtieD we ompute the ih IHI pigure RFS ! iuliden histne rnsform of the input shdow shpe for the omprison with the omputed shdow shpeF on the oundries of the shpes to otin nonEzero vlue inside the shpeF ytherwiseD omputed shdow shpeD totlly inluded in the input shdow shpeD ut di'erent from itD still presents only zero distne vluesF e pply the omputed shdow msk on this input ih imgeF e otin n imE ge ontining zero vlues everywhereD exept for the pixels where the omputed shdow shpe di'ers from the input oneF umming these vluesD we otin mesurement of the di'erene etween the two shpesF e de(ne this wy metriX M EDT = pixel values EDT image * Computedshadow image @RFRA his metri renders the similrity etween these two shpes or n e seen s the omputtion s the error of the environment mp orienttion nd sleF fy rotting nd hnging the sle of the environment mp we hnge the light soure position @see setion QFPFPAF e thus hnge the rys tht we projet on the ground )oor nd so the omputed shdow shpeF e otin di'erent metri vlueF he higher the metri isD more di'erent the shpes reF he lower the metri isD the more similr the shpes reF sf the two shpes re equlD ll the omputed shdow shpe pixels orrespond to n input shdow pixelD nd soD their ih vlue is 0D whih implies tht the metri is equl to 0F IHP Comparison of EDT value: he metri RFR ompres the input shpe with the omE puted shpeF ine the shpe is omputed depending on the light soure position @orreE sponding to n environment mp orienttion nd sleAD the metri depends on the light soure positionF husD the metri eomesX M EDT (theta, scale) = pixel values

  model of n ojetF e hve developed wy to test our method y ompring the reltive retrieved environE ment mp orienttionsF fy ontrolling the reltive orienttion etween the two senesD we n mesure the ury of the result nd de(ne reltive orienttion errorsF pigure RFU ! op lineX V viewpoints of sme lol seneF he environment mp @ottomD rightA nd min ojet @ottomD leftA re the sme for ll the lol senesF he results of the eight input shdows re shown in the ottom enter imge @lueAD top view of the lol seneF flk lines hve een 0xed nd represent the ground truth @RS degrees nglesAF IHR o vlidte our methodD we use set of eight imges of the sme lol sene tken t di'erent viewpointsF he mer viewpoints rotte with regulr ngle of RS degrees round the referene ojet @(gure RFUAF he results of the eight input shdows @lueA re presented in the ottom enter imgeD top view of lol seneF o eh sene of the top line of the (gure @numered from I to VAD orrespond shdow on the ottom enter imge nd so n environment mp orienttion @with the sme numerAF feuse eh sene of the top line presents RS degrees ngle of rottion with the previous or the next seneD the founded orienttion of the shdow @i.eFD the environment mp orienttionA must lso present RS degrees ngle of di'ereneF he ground truth is shown in lkF e oserve tht the eight shdows re oriented in the orret orderD from I to V in the ounterlokwiseF he sene I @(gure RFUD top lineD leftAD presenting shdow in front of the referene ojetD presents omputed shdow on the ottom enter imge of the (gure RFUD ligned with the yExisD the one towrd us in QhF por the eight senesD we oserve tht the omputed shdow orresponds with the shdow in the lol sene imgeF roweverD we oserve tht some resulting shpes re not well ligned with the ground truth euse of missing informtion when the referene ojet hides prt of the shdowF sndeedD the lol sene S nd TD on (gure RFU on the top of the top viewD present n ngle lrger thn RS degreesF he omputed shdow of sene S is on the right of the ground truthD nd the omputed shdow of sene T is on the left of the ground truthF ht is due to the missing prt of the shdow hidden y the ojet itselfD whih does not llow to reonstrut full input shdowF husD the omputed shdow whih results from the Qh ojet is full nd not the sme s the input oneF e nnot perfetly mth the two shpesD nd the orienttion is not orretly foundF gonverselyD when the shdow is in front of the min ojet @(gure RFU on the ottom of top viewAD s for the senesD ID PD Q nd VD the shpes re ligned with the ground truth nd present orret orienttion respetively to the senes

  uses rute fore to test every possile ouple @thetaD radiusA for the environment mp nd so for the light soure positionF futD s seen in (gure RFTD the minimistion proedure hs only one glol minimumF his (gure presents the metri pro(le for sene with one light soureF e sene with severl light soures will present di'erent lol minimums for the positions of the light soure whih provides mthes for only few omputed shdows nd input shdowsF futD even in these sesD minimum orresponding to the position of the light soure whih provides mthes for every shdow existF he omputtion time to (nd this position n e improved ompred to the rute fore methodF sndeedD euse this prolem n e seen s the reserh of glol minimumD grdient desent lgorithm n e used to test only prt of the solution @i.eFD ouple @thetaD radiusAAD nd so improve the omputtion timeF pinllyD in some sesD the referene ojet geometry n e unknownF por exmpleD in museum where some res re restritedD or in inessile plesD the referene ojet nnot e pled t the enter of the sene nd nnot e ptured into the lol sene imgeF sn this seD the user must provide the geometry of n ojet lredy present in the lol seneF uh n ojet n e unesy to modelsD nd some tehnil skills re neessry to otin good resultF woreoverD s seen in setion SFSFQD the use of Ph or impostors do not provide good results in every seF he neessity of known Qh ojet still is limittion of our methodF4.6 Conclusione presented in this hpter method using the geometry informtion of prt of the lol sene @i.eFD the referene ojetA to reover the environment mp orienttionD whih uses the Qh of referene ojet present in the lol seneF e (rst show in the previous hpter onlusion why the Qh of the lol sene ojet is neessryF his hpter presents two methods to reover the referene ojet Qh informtionF pirstD method using depth mp nd omputing the Qh informtion y reovering the depth of eh pixel of the referene ojet present in the input imgeF eondD method using Qh model of the referene ojet to otin the Qd informtionF he seond reonstrution method hs een seletedD s disus in setion RFSD euse esier to implement nd to ring no Qh reonstrution prolem @unlike the depth methodAF IHV woreoverD this method is more urte euse providing no holes during the ojet reonstrution stepF o reover the environment mp orienttionD the method tres rys from the light soure present in the environment mp to eh vertex of the Qh points of the ojetF henD points re projeted on the ground to otin omputed shdowF his shdow is ompred to the input one whih orresponds to the rel environment mp orienttionF e metri is used to ompre the two shdowsF fy minimising this metriD we n (nd the omputed shdow whih orresponds the est to the input shdowD nd so to the etter environment mp orienttionF e present results nd expose how we test our method ury y ompring the reltive founded environment mp orienttions ompred to expeted onesF yur method presents men errors out 11 degreesF e think tht the ury of the method n e improvedD nd disuss tht in the next setionF 4.7 Possible improvements sn this prtD we tlk out the di'erent improvements whih n e implemented esily in future workF hese improvements my llow us to otin etter results nd to otin more relisti modelX Several light sources: king into ount severl light soures my llow our method to e more roust to di'erent senesF sndeedD urrentlyD the method onsiders the min light soure of the seneF futD onsidering the full light pro(leD nd so the entire informtion provided y the environment mp my llow eing more roust in ses where no min light soure is presentF por exmpleD if the light pro(le hnge in pipeline providing QTH degrees videoD in vehile orienttion in n environment @see setion PFTFPA methodF Light source specicity: king into ount the spei(ities of the light soures @olE orsD intensitiesD etcFA n lso llow our method to e more roustF sndeedD if di'erent light soures re present in the environment mpD the spei(ities of eh light soure provide useful informtion for the orienttionF por exmpleD in se presenting three lightsD green oneD yellow one nd red oneD with di'erent sizesD the three resulting shdows olors nd shpes give us useful informtion to deide whih light soure is linked with whih shdowD nd so n a priori environment mp orienttionF IHW pigure RFV ! ere light soureF veftX glol seneF he re light soure is represented in yellow y set of pointsF ightX top view of the lol sene nd e'et on the omputed shdow shpe @in pinkA ompred to the input one @in lueAF he omputed shdow shpe is lrger thn the input shdow shpe nd nnot e ompred to itF Take into account area light sources: enother possile improvement of our method is to tke into ount re light souresF sndeedD in the urrent methodD we onsider the light soure s pointF ivery ry is projeted from this pointD nd soD the resulting shdow shpe depends on itF futD on the environment mp @nd in relEworldAD the light soure is represented y n reF rojet rys from every point of the light soure hnge the resulting shdow shpeF gonsidering suh shpe my orrespond more to the relity thn onsider unique pointF yur (rst tests show too lrge surfes @see (gure RFVA to otin similr shdow shpesD nd so expet etter resultsF ht is due to the Qh position of the light soure in our representtion of the seneF sndeedD the light soure is loser thn in the rel seneF Environment map vertical orientation: yne of the ssumptions is to onsider the environment mp s lredy well oriented horizontllyF e re just looking for the theta ngle @see (gure QFIAF roweverD euse of the pture devieD the groundD or the environE ment mp imge reonstrution methodD the horizontl orienttion is not lwys ensuredF king into ount the environment mp orienttion @theta nd phi nglesA would mke the model more relisti nd llow us to hve more urte resultsF Special cases: king into ount speil ses or void themF sndeedD for exmpleD when the light soure is pled ehind the mer whih tkes the lol seneD the referene ojet shdow will e hidden y the referene ojet @i.eFD selfEolusionAF he mthes @setion QFQD light pth IA (nd during the ryEde(nition step @(nding mthes etween ojet nd shdow oundries pointsA re not oherentF sn other ses @setion QFQD light pth QA the omprison etween the input shdow hidden y the referene ojet nd the omputed one @nd soD fully omplete euse omputed IIH from the modelA nnot e well opertedF Several reference objects: pinllyD tking into ount severl referene ojets my llow us to (nd y tringultion @using shdow omprisonA the light soure position in etter wy thn using the sle vlue of the environment mpF es lredy disussedD the founded sle vlue hs no physil mening in our methodD lthough neessry to (nd similrities etween the shdow shpesF futD tking into ount the rel light distne from the lol seneD my llow otining etter omputed shdow nd so to nous étudions des solutions (n e réduire les hypothèse de l méthode d9orienttion présentée dns le hpitre préédntF xous nous intéressons à deux pprohes mises en ple pour orienter utomtiquement une rte d9environnement pr rpport à une sène loleF einsi des méthode sées uniquement sur des informtions PhD utilisnt des informtion Ph dns un environnement Qh sont proposéesF einsiD les données d9entrée Qh ne sont ps utilisées ou uniquement prtiellementF ges essis ont été rélisés dns le ut de trouver une méthode prtnt de données minimles @i.eFD seulement les imges de l sène lole et de l rte d9environnementAF n trnsfert à l Qh est lors pr l suite opéré pr projetionF heux méthodes de pssge à l Qh sont onsidérées dns e hpitre X• v première présente une dé(nition omplète des ryons en PhD trnsformés ensuite en QhF• v seonde présente une représenttion de l sène pr imposteurs @représenttion Ph d9un ojet dns un environnement Qh (n de simuler s présene sns en onnitre l géométrieA pour diretement otenir les oordonnées des ryons en QhF heux pprohes de positionnement de l rte d9environnement sont lors proposéesD hune prtnt de l représenttion des ryons extrite des données PhF xous exposonsD pr nos résulttsD les limites d9une telle représenttion et l neessité d9inE formtions en Qh pour otenir plus de roustesse lors du lul de l solutionF Denition des rayons : xous dé(nissons dns un premier temps les ryons de deux mnières di'érentesF v première mnière dé(nit les ryons de lumières en Ph entre l9ojet de référene et son omreF gette pprohe l9vntge de ne néessiter que l9imge de l sène lole pour dé(nir les ryonsF ille présente pr ontre plusieurs désvntges X les ryons doivent être dé(nis de l9omre à l9ojet de référene et ne prennent ps en ompte l position de l lumièreF ves ryons sont lors sttiques et ne dépendent ps de l position de l lumière de l rte d9environnementF v mise en orrespondne des ryons et de l soure lumineuse n9est lors ps ssuréeF ne étpe de réupértion de l Qh est ensuite e'etuéeF v seonde mnière de dé(nir les ryons est diretement en QhD en utilisnt des imposteurs (n de résoudre les inonvénients ités préédemmentF n imposteur est utilisé pour reE présenter l9ojet de référeneD un utre l9est pour représenter l9omre orrespondnteF ges imposteurs représentent l sène loleF he ette mnièreD les ryons peuvent être dé(nis entre l9omre et l soure lumineuseF IIS Orientation de la carte d'environnement : in reltion ve les mnières de dé(nir les ryonsD deux méthodes d9orienttion de l rte d9environnement ont été testéesF v premièreD utilisnt l dé(nition des ryons PhD onsiste à pler l soure lumineuse présente dns l rte d9environnement dns le ône de ryonsF v seondeD utilisnt les imposteursD onsiste à pler l9ojet de référene dns le ône de ryons dé(nis entre l9omre et l lumière en orientnt orretement l rte d9environnementF hns les deux sD nous onsidérons que l rte d9environnement est orretement orientée si l soure lumineuseD l9ojet et son omre sont lignésF Résultats et limites : xous présentons dns l setion suivnte les résultts de es deux pprohesF lusieurs s présentent une orienttion visuelle orrete de l rte d9environE nementF eulementD nous vons identi(é de nomreux s où une orienttion orrete n9est ps possile ou seulement prtielle @e.gFD s où l lumière est positionnée derière l9ojet de l sène loleD trop sse ou s présentnt plusieurs soures lumineusesAF Conclusion : v dernière prtie de e hpitre est dédiée à une onlusion de es méE thodes et ux enseignements que nous pouvons en tirerF in e'etD l file roustesse et le mnque de préision des résultts présentés dns e hpitreD montrent l9importne de l Qh réelle de l sène lole ou d9une prtie de elleEi pour orienter orretement l rte d9environnementF IIT sn this hpterD we explore di'erent diretions to redue hypotheses linked to our method presented in hpter R to orient n environment mp utomtillyF epprohes presented in this hpter re Ph orienttion methodsF he Qh input dt is not used in the methods presented elowF roweverD to reover the orienttion @i.eFD registrtionA of the environment mp @in QhAD Qh reovery step is neessryF wo methods re de(ned hereX• he (rst one presents full Ph rys de(nitionD nd thenD Qh reovery of the rys from the Ph onesF• he seond one presents prtil Ph rys de(nitionD using impostorsD to diretly reover Qh set of rysF en impostor is n imge whih represents n ojet in Qh environment to simulte it without ny Qh knowledgeF husD we (rst present the rys de(nition in detilF henD we present the orienttion step of the environment mp using the set of rys nd present di'erent resultsF pinllyD we disuss results nd expose the di'erent limittions of these pprohes to explin the neessity of the Qh of the lol sene to otin orret set of rysF sn other wordsD we n see these pprohes s preliminry ones nd s persusion of the neessity of the Qh of the lol seneF 5.2 Ray denition e de(ne here the proess to set up rys etween the referene ojet nd its shdowF e nnot diretly otin orret set of rys in the diretion of the light soureF e (rst hve to determine whih prt of the ojet is linked to whih prt of the shdowF 5.2.1 Generating 2D rays e present in this setion the hosen pproh to de(ne Ph rys from Ph imge tht desries the light diretionF he min ide is to (nd orrespondene @i.eFD mthesA etween points of the shdow nd points of the ojet of the input imge @see (gure QFQD rightA nd to projet them into the diretion of the lightF he intersetion of the Ph one with the environment mp representtion de(nes the Ph re of the light soureF ling the light soure in this re gives us the orienttion of the environment mpF e rely on the orienttion detetion of shdow projetion on ground plne ording to the ojet of this shdowD in the imge plneF he ground plne is then onsidered s )t IIU nd horizontlF fy getting mthes etween points of the shdows nd points of the ojetD we n de(ne n pproximte re for the light soure in the imge plneF usequentlyD we improve the results y removing the wrong mthesF e seek to (nd the preise position of the light soure on hlfEsphereF e perform this proess for eh luminous @shdowGsoureA pirD we serh for the optiml orienttion of the environment mp whih is the most omptile mth etween the light soure position nd the projeted re on the environment mpF sn this setionD we desrie how we rete the rysD nd then explin how we remove flse positives to keep only the relevnt rysF pinllyD we will see how we (nd the depth of the rys nd how we projet them on the representtion of the environment mp to (nd its orienttionF he (rst step is to get mthes etween points of the shdow oundry nd points of the silhouette of the referene ojetF pigure SFI ! vines omputtion using shdow nd ojet msksF he lue line seprtes the two ojetF he ornge line seprtes the left nd right sides of the msksF veft se with ommon order @greenAF igth se without ommon orderF

  superimposed nd interset eh otherF yn (gure SFRD on the left viewD is presented n IPQ exmple of impostors intersetion in Qh seneD nd on (gure SFSD leftD we n see zoom on the view of the enter of the sene nd how the referene ojet nd its shdow re pledF he mthes9 oordintesD previously omputed in QhD strt from the horizontl impostor to the vertilly one nd re extended in Qh on the environment mp representtionF he intersetion of ll the mthes with the environment mp Qh representtion desries n re @visile on the (gure SFRD rightAF 5.3.2 Orientation of the environment map using 2D information he environment mp orienttion using Ph informtion inludes two stepsF sts gol is to (nd the orret environment mp orienttionD i.eFD y repling the light soure in the set of rys reF pirstD we (nd the orret ltitude of the environment mp y modifying its sleF he seond step is to rotte the environment mp to modify its longitude nd (nd the orret position of the min light soure regrding the set of rysF he two steps re shown in (gure SFTF Environment map scale: e (rst (nd the orret ltitude for the set of rys y hngE ing the environment mp sleF wodify the environment mp sle llows us to move upwrds or downwrds the re lotionD reltively to the light soure positionF sndeedD euse we use the light pth from the shdow to the ojet @setion QFQD light pth IAD the set of rys is stti nd does not vry when we pply rottion to the environment mpF ynly hnge of the environment mp sle modi(es the reltive position of the pigure SFS ! Qh representtion of the lol sene using impostorsF he lue rys re de(ned using the pth from the shdow to the referene ojetD using light pth ID see setion QFQF IPR pigure SFT ! he di'erent steps of the environment mp orienttion round lol sene using the tested method presented in setion SFPFIF veftX initil position of the environment mp for seneF genterX vertil orienttion of the environment mp hnging its sleF ightX (nl result of the plement of the light soure @white irle on the environment mp surfeA inside the re desried y the rysF he environment mp steps re shown using the sme size to fous on the rys positions hngesF light soure ompred to the set of rys ltitudeF feuse we know the position (i, j) of the light soure in the input environment mp imgeD whih orresponds in n environment mp imge to ouple (theta, phi)D we n ompute the Qh position p1 = (x1, y1, z1) using the spheril projetion formuls @with r the rdius of the sphereAX x1 = r * sin(phi) * cos(theta) @SFUA y1 = r * sin(phi) * sin(theta) @SFVA z1 = r * cos(phi) @SFWA he (gure SFU shows the environment mp light soure repositioning t orret ltitude @i.eFD the sme thn the intersetion of the environment mp with the rysAF he top ox shows the two di'erent sesX on the top lineD the light position is lower thn the environment mp intersetion with the rysF snresing the environment mp sle llows pling the light soure t the orret ltitudeF yn the ottom lineD the light position is upper thn the intersetionF heresing the environment mp sle llows pling the light soure t the orret ltitudeF he ottom ox shows why it lwys exists solution to get the orret ltitude y

  rys9 de(nition is visul nd let to the reder9s disretionF IQP pigure SFII ! esult of the orienttion of the environment mp using the Ph informtion for rys9 de(nition on speil sesD the light is pled ehind the ojetF he light pth used is the light pth from the shdow to the referene ojet @see setion QFQD light pth IAF he left row presents the lol sene imgesF he middle row presents the Qh lol senesD k viewF he right row presents the Qh glol sene nd the orienttion resultF yn (gure SFIPD the turquoise segments show the full rys @from shdow to the light soureAF hese hve een hidden in the top left for etter understndingF he ornge segments show the prts of the ry from the shdow impostor to the intersetion with the ojet impostorF he exmple presented here shows the orret resultsD where the referene ojet is fully ontined into the trget shpe nd well djustedF sn this seD we n onsider tht the light soureD the referene ojetD nd its shdow re ll ligned nd tht the est environment mp orienttion hs een retrievedF pigure SFIQ shows lol nd glol seneF sn this seD rys surround the ojet ut do not mth perfetly with itF iither some rys interset the referene ojet shpeD or lrge re is visile etween the ojet nd the trget shpesF roweverD this lignment of the lightD ojet nd shdow is preservedD nd we n onsider the orienttion is visully orretF hue to the vrition of results for the rys de(nitionD nd due to speil ses for the light position or light pth de(nitionD the orienttion step is not roust enough nd follows n unertin environment mp orienttionF e disuss in the next setion out the identi(ed limittions for these two methodsF IQQ pigure SFIP ! esult of the plement of the referene ojet inside the re desried y the set of rysD using the light pth from the min light soure to the shdowF op lineX (nl result of the plement of the referene ojet @ sphereA inside the re desried y the rysF vower lineX sme for ueF pigure SFIQ ! esult of the orienttion of the environment mp using the light pth from the light to the shdowF veftX (nl result of the plement of the referene ojet inside the re desried y the rysF ightX (nl position of the environment mpF IQR pigure SFIR ! fd result for the Ph rys9 de(nition using the light pth from the referene ojet to its shdowD see setion QFQ light pth IF he method does not mth orret points of the shdow with points of the ojetF he resulting one is too lrge to de(ne orret nd smll re on the environment mpF 5.5 Discussions & identied limitations sn this prtD we will disuss the limittion of two methods presented here we identifyF he (rst two methods present di'erent prolemsF he primry one is linked to does not know the Qh of the ojetF sn eh seD some prts of the Qh ojet nnot e linked to the shdowF ht is euse of the mer point of view relted to the ojet or euse of the referene ojet rel formF sndeedD the Qh ojet is projeted in the imge pln in PhD nd s resultD the depth is lostF hese losses of informtion my e prolem during the orienttion stepF he (gure SFIS illustrtes this prolemF 5.5.1 Method using 2D rays' denition sn this setionD we expose vrious prolems linked to the Ph de(nition of rysD nd explin the resons why we hve hnged severl prts to improve the resultsF he prolems re linked to vrious prts of the methodsF e list them in order of pperneF eording to our opinionD the min prolem is the lst one of the listF e develop it in setion SFSFQF• he (rst deteted prolem is tht we do not hve ny insurne tht the ojet point nd the shdow point orrespond to eh other during the mthing stepF e hve de(ned some riteri to void tht @riteri ID PD nd QA nd to ensure tht the two points of mth orrespond to eh other nd to otin one of rysF roweverD IQS in severl sesD the riteri re not su0ient to ensure orret one whih ontins the light soureF he (gure SFIR illustrtes this prolemF he method does not mth the orret points of the shdow with points of the ojetF sndeedD top ue side points re linked to right shdow side pointsY nd left ue side points re linked to top shdow side pointsF he resulting one is too lrge to de(ne orret nd smll re on the environment mpF• he seond prolem is tht the ojet shpe does not lwys orrespond to the shdow shpeF sndeedD uto olusion n modify the ojet shpe in the imge plneF por exmpleD ylinder xed in the diretion of the light soure projets shdow shped like irle @see (gure SFISD leftA ut the ylinder projeted in the imge plne n hve retngle shpeF sn the sme wyD if the ylinder is xed in the diretion of the merD the ojet shpe is irleD ut the shdow shpe @ording to the light soure positionA n look like retngle @see (gure SFISD rightAF sn these sesD it is not possile to otin orret mthesD nd prtiulrly to get one of rysF sn the se of the sheme (gure SFISD rightD the rys de(ned y mthes onverge t the ojet positionD nd it is not possile to determine the light soure positionF

  methodsF e onlude tht those methods n e seen s test methods nd give us vlule informtionX we need the rel Qh of prt of the sene or t lest n ojet to otin usle informtion to orient the environment mp round the lol seneF hue to the lk IQW of preision of Ph informtion to orient the environment mp in Qh speD it is importnt to get loser from physil desription @setion QFQD light pth QAD using the Qh of the referene ojet nd following the physil pth of the light to improve the results s nous vons présenté l première méthode pour reler utomtiquement une rte d9environnement ve une sène loleF hns l littértureD de nomreuses méE thodes ont esoin d9orienter l rte d9environnement pour otenir une ohérene ve une sène loleF gette orienttion est dns l mjorité des s e'etuée de mnière mnuelle pr un utilisteurF xous présentons une méthode pour reler utomtiquement une rte d9environnement ve une sène loleF ne rtéristique de notre pprohe est que nous n9vons ps esoin de réer un modèle Qh omplet de l sène loleD ni d9intertion ve l9utilisteurF he plusD nous ne fisons que de simples hypothèsesF xotre méthode fournit des résultts orrets même dns les s où l9ojet he une prtie de l9omreF xous proposons un pipeline pour réer une représenttion virtuelle de l sène en utilisnt nos données d9entréeF gette représenttion omprend l sène glole représentée pr l rte d9environnement et l sène lole représentée pr un ojet de référene et son omreF v représenttion de l rte d9environnement et de l9omre de l9ojet de référene sont extrites des imges d9entréeF v9ojet de référene est un simple modèle Qh donné pr l9utilisteurF in utilisnt l onnissne de l position de l soure lumineuse priniple sur l rte d9environnementD nous pouvons simuler l9élirge et projeter une omre @dite omre luléeA sur le solF sl est lors possile de omprer l forme de l9omre lulée ve elle de l9omre d9entrée pour réupérer l position orrete de l soure lumineuse prinipleF gette position est dé(nie omme elle présentnt le moins de di'érenes entre les deux omresF v9orienttion (nle de l rte d9environnement est diretement liée à l position de ette soure lumineuse prinipleF xous fournissons une évlution de l9pprohe proposée en lulnt deux métriques qui omprent notre estimtion d9ngle ve les diretions réelles u solF xotre estimtion d9orienttion montre que notre méthode réupère une orienttion de rte d9environnement orreteF xous montrons ussi que nos résultts sont plus préis qund l9omre d9entrée est omplète et non prtiellement hée pr l9ojet @i.eFD plé derrièreAF in e'etD dns e sD l superposition des formes d9omre ne peut ps être prfite et de fitD l omprison non plusF Travaux futurs concernant le recalage automatique de cartes d'environnement : hns nos trvux futursD nous voulons méliorer l préision de l9orienttion des rtes d9environnementF remièrementD l9optimistion de l reherhe d9orienttion pr l9utilisE tion d9lgorithmes plus e0es omme une desente de grdient méliorerit le temps IRQ de lul tout en ugmentnt l préision de l9orienttionF heuxièmementD notre pprohe pourrit être étendue à un plus grnd nomre de sD omme l prise en ompte d9un plus grnd nomre de soures lumineusesD de soures lumineuses surfiques insi que l prise en ompte de di'érents s d9orienttion de rtes d9environnement pour permettre des orienttions déentréesF Méthode d'optimisation : etuellementD lors de l9étpe de minimistion de métriqueD hque orienttion possile de l rte d9environnementD insi que de nomreuses éhelles possile sont testées pour trouver l onne orienttionF wisD puisqu9un minimum glol de l métrique utilisée @voir setion RFSA peut être trouvé @voir (gure RFTAD nous pouvons supposer qu9une méthode plus rpide peut être utiliséeF in e'etD une méthode d9optimisE tion pour trouver l meilleure orienttion utilisnt une desente du grdient pourrit être mise en pleF v9utilistion d9une telle méthode pourrit méliorer le temps de lul en ne testnt qu9un sousEensemle des orienttions possiles et onverger vers le minimum glol sns tester hque possiilitéF Prise en compte de plusieurs sources lumineuses : etuellementD notre méthode prend en ompte une soure lumineuse uniqueD l plus importnteF xous ssoions à ette soure de lumière une omre d9un ojet de référene uniqueF wis onsidérer le pro(l de lumière u omplet @9estEàEdire l totlité de l rte d9environnementA pourrit permettre d9otenir de meilleurs résulttsF he plusD prendre en ompte plusieurs soures de lumière permet de onsidérer plusieurs omresF hns e sD le lul de l métrique ne présenterit ps un seul minimum glolD mis plusieurs minim loux @pour tous les s où seule une prtie des soures lumineuses est lignée ve l9ojet de référene et son omreA et un unique minimum glol @le s où toutes les soures lumineuses sont lignées ve une omreD elle qu9elles ont engendréeAF n s qui inlurit l méthode d9optimistion et plusieurs soures lumineuses devrit lors tenir ompte de es minim louxF n utre vntge de prendre en ompte l9ensemle du pro(l lumineux est que nous n9vons ps à déterminer quelle prtie de l rte d9environnement est onsidérée omme l soure lumineuse priniple et quelle omre est liée à elleEiF yn remrque que le fit de prendre l9ensemle du pro(l de lumière n9exempte ps les s prtiuliersF r exempleD un s ve deux soures lumineuses identiques dimétrlement opposées sur l rte de l9environnement ne permet ps de déterminer quelle orienttion est l onne entre deux solutions possilesF IRR Tenir compte des sources lumineuses surfaciques : ne utre méliortion possile de notre méthode est l prise en ompte des soures lumineuses surfiquesF in e'etD dns l méthode tuelleD nous onsidérons l soure lumineuse omme réduite à un pointF ghque ryon est projeté à prtir de e point et l forme de l9omre qui en résulte en dépendF wis sur l rte d9environnement @et dns le monde réelAD l soure lumineuse est représentée pr une zoneF ves ryons projetés pr hque point de l soure lumineuse hngent l forme de l9omre qui en résulteF gonsidérer telle forme plutôt qu9un point unique peut dvntge orrespondre à l rélitéF xos premiers tests montrent que les surfes sont trop grndes @voir (gure RFVA pour otenir des formes d9omres similires à elles présentes dns l9imge d9entréeD et don de meilleurs résulttsF gel est dû à l position Qh de l soure lumineuse dns notre représenttion de l sèneF in e'etD l soure lumineuse est plus prohe que dns l sène réelleF Travaux futurs -Approche utilisant le Machine learning : our ompléter l méthode d9orienttion présentée ux hpitres QD S et RD une méthode utilisnt le whine lerning été moréeF Introduction / Contexte / Problématique : v9pprentissge utomtique @ou wE hine lerningA est un sous domine de l9intelligene rti(ielleF on ut est d9pproher des fontions ritriresD non onnuesD à prtir d9un grnd nomre d9exemples donnésF ves modèles onstruits sont prmétriques et sont (xés pendnt une phse dite d9entrînement du modèleF r l suiteD le modèle peut être utilisé sur de nouvelles données issues de l même distriutionD qui n9ont ps été utilisées lors de l9pprentissgeD pour otenir une préditionF n spet intéressnt des méthodes d9pprentissge utomtique est l générlistion du modèleF geluiEi pprend les prmètres du modèle et n9 ps uniquement pour ut de mémoriser les données d9entrinementF ve modèle peut lors ssimiler les esoins et les utiliser lors de l phse de préditionD sns que euxEi ne soient spéi(quement énonésF n seond spet intéressnt est que de tels lgorithmes sont onçus pour être indépenE dnts de leur domine d9pplitionF einsiD les strutures des lgorithmes ynt fit leurs preuves peuvent servir pour des prolèmes di'érents mis présentnt des rtéristiques similiresF xous supposons que l9utilistion d9un tel lgorithme peut nous permettre d9pprendre quelle orienttion une rte d9environnement doit présenter pour orrespondre à l9élirge de l sène loleF ve ut est insi de pouvoir pprendre l9élirge de sène lole en IRS reltion ve l9élirge de l rte d9environnement pour pouvoir pr l suite réupérer l9élirge d9une rte d9environnement donnée et retrouver l onne qui orrespond à une sène lole donnéeF sl est lors néessire de omprendre quels sont les prmètres importnts d9une sène pour être en mesure de les pprendreF our e fireD nous devons déterminer les prmètres de lumière importntsD réer le réseu de neurones qui ser ple d9pprendre es prmètres et réer l se de données pour l phse d9pprentissgeF xous vons déterminé que l géométrie de l sène et l position des soures lumineuses sont les prmètres les plus importntsF wisD l diversité des environnementsD l ouleur des ojetsD les utres prmètres des soures de lumière @omme l tille ou l ouleurA ou l position de l mér sont ussi des prmètres importntsF xous devons en tenir ompte lors de l rétion de l se de donnéesF ne telle méthode présente l9vntge de trouver rpidement une orienttion de rte d9environnement orrete en fontion de l9élirge lol de l sèneF he plusD si l se de données est orretement rééeD et ve un nomre su0snt de sD nous sommes en mesure de prendre en ompte di'érents s omme l présene de plusieurs soures de lumière ou l9sene d9ojet de référene présent dns l sène loleF einsiD pour otenir des résultts orretsD il est importnt de dé(nir préisément les di'érents prmètres qui in)uenent l détetion de l9orienttion de l rte d9environneE ment et de proposer plusieurs exemples qui font vrier es prmètresD pour les prendre en ompte lors de l9pprentissgeF einsiD une grnde se de données de milliers d9exemples est néessireF Données d'entrée : ves données d9entrée de l méthode seront les mêmes que elles dérites préédemmentD voir setion QFPF in résuméD une rte d9environnement et une sène loleF xous n9vons ps à fournir le msque d9un ojet de référene ou l géométrie de eluiEiF wisD une étpe d9pprentissge doit être fite et un grnd nomre d9exemples doivent être donnésF n ensemle de ouples de rtes d9environnement et de sènes loles orrespondntesD présentnt une orienttion orreteD doit être pprisF our otenir les données d9entrée pour l9étpe d9pprentissgeD nous vons déidé de réer un ensemle de données virtuellesF in rison du grnd nomre d9imges néessiresD nous vons déidé de réer un ensemle de données virtuelles utilisles pour pprendre les informtions utilesF re que l9ensemle de données est virtuelD nous mîtrisons les prmètres de hque sèneF gette informtion peut ussi être utilisée pour pprendre une estimtion orrete de l9orienttion de l rte d9environnementF IRT

  results even in ses where the ojet hides prt of the shdowF e propose pipeline to rete virtul representtion of the sene using few input dtF his representtion inludes the glol sene represented y the environment mp nd the lol sene represented y referene ojet nd its shdowF he representtion of the environment mp nd the referene ojet shdow re extrted from input imgesF he referene ojet it otins y simple Qh model given y the userF sing the knowledge of the min light soure position on the environment mpD we n simulte the illumintion nd projet omputed shdow on the groundF st is possile to ompre the omputed shdow shpe with the input one to reover the orret position of the min light soureF he orret position is the one tht presents fewer di'erenes etween the two shdowsF he (nl environment mp orienttion @i.eFD registrtionA is diretly linked to the position of this min light soureF e provide n evlution of the proposed pproh y omputing two metris whih ompre our ngle estimtion with ground truth diretionsF yur orienttion estimtion shows tht our method reovers orret environment mp orienttionF e lso show tht our results re more urte when the input shdow is omplete nd not hidden y the referene ojet @i.eFD pled ehindAF sndeedD in this seD the shdow shpes superposition nnot e perfet neither the omprisonF 6.2 General conclusion of the developed methods e present here onlusion for hpters QD S nd RF sn the litertureD severl methods use environment mps to proeed to one or vrious stepsF futD to e e0ient nd to provide the most of their sopeD these must e orientedF sndeedD whether in virtul relityD Qh reonstrution or virtul tourD for exmpleD the environment mp must e oriented to ring respetivelyD orret illumintionD reonstrutionD or ples for ojets in the seneF IRW efter study of the stte of the rtD we onlude tht the orienttion step is most of the time unnotiedD ignoredD or hndmdeF o solve this prolemD we present here n utoE mti environment mp orienttion methodF feuse suh proess ims to e inluded in method pipelineD we wnted this method using few input dtF e present our input dt nd generlities in setion QF feuse the ide of the method is to follow the light pth from the min light soure in the environment mp to n ojet present in the lol seneD to reover the orienttion using shdow positionD we present the di'erent wys to rowse the light pth we experiment hereF woreoverD we present hereD the di'erent ssumption we mke on input dtF ome sE sumptions re diretly linked to the input dt itselfD s the neessity of the presene of the min light soure in the environment or the ft tht we onsider this environment s pled t in(nityF yther ssumptions re linked to our methodD s the neessities to hve )t ground round the ojet of the lol seneF ht ensures the shdow we use to e undistorted y the ground geometryF he next setion @setion RA presents the method using the Qh of referene ojet of the lol seneF o e physilly relistD this method follows the light pthX from the light soure to the shdowF his method ompres n input shdow with omputed one to reover the orret position of the light @nd so the environment mp orienttionA y mking oinide the two shdowsF he third setion @setion SA presents methods we developed to redue ssumptionsX using only Ph informtionD using impostor to de(ne rys whih ts s (rst tests nd uses fewer possile input dtX n environment mp nd lol sene imgeF he ide is to reover the light soure diretion in the lol sene imge using kwrd light pthX from the shdow to the light soureF husD the methods im to reoverD either light soure position into rys shpe on the environment mp surfe or to inlude n ojet into one of rysF feuse of the too mny possile ses nd to the lk of informtion in the Ph imge to otin orret Qh position for the light soure @nd so orret environment mp orienttionAD these methods re not roust nd present too low uryF e onlude tht the Qh informtion ofD t lestD n ojet in the lol sene is needed to reover orret orienttionF he tle TFI resumes the di'erenes etween the di'erent orienttion methods presented in the previous setionsF e provide the dimension numer of eh methodD whih light ISH

  le TFI ! ummry tle of the di'erent presented methodsF he di'erent light pth methods re disuss in the QFQ setionF ee setion for more informtionF pth is usedD the neessry input dtD the min prolem nd useful informtionF he two (rst lines show the preliminries methodsD using the fewer input dt ut with signi(nt min prolemsF he two lst lines show the (nl pprohesF e divide it into two lines to present the two possiilities to otin the neessry Qh informtionX the depth informtionD nd the Qh model of n ojetF he lst option is the one whih provides etter resultsF o onludeD we present here fully utomti method to register n environment mp with lol seneF he method llowsD with smll numer of input dt nd few sE sumptions to reover orret orienttion of the environment mp pled round the lol seneF 6.3 Future work -Environment map orientation method sn future workD we wnt to improve orienttion uryF et pirstD optimising the oriE enttion reserh y using more e0ient lgorithms s grdient desent should improve the omputtion time while inresing orienttion uryF eondD s disuss in RFUD our pproh should e extended to more sesD suh s tking into ount more light souresD re light souresD nd more orienttion ses of environment mps to enle outEentered environment mp orienttionsF e present here other ones further futureX

  6.4.1 Introduction / Context / Problematic whine lerning is suEdomin of rti(il intelligeneF sts purpose is to pproximte ritrryD unknown funtions from lrge numer of given exmplesF he models uilt re prmetri nd re (xed during trining phseF usequentlyD the model n e used on new dt from the sme distriutionD whih were not used during lerningD to otin preditionF en interesting spet of utomti lerning methods is the generlistion of the modelF his one lerns the prmeters of the model nd is not only intended to store the trining dt informtionsF he model n then ssimilte the needsD nd use them during the predition phseD without them eing spei(lly sttedF e seond interesting spet is tht suh lgorithms re designed to e independent of their (eld of pplitionF husD the strutures of proven lgorithms n e used for di'erent prolems with similr hrteristisF e ssume tht using suh lgorithm my llow us to lern whih orienttion n environment mp hs to present to orrespond to lol sene illumintionF he im is so to e le to lern the lol sene illumintion in reltion with the environment mp one to e leD lterD to reover the environment mp illumintion nd to re(nd the orret one whih orrespond to given lol seneF st is neessry to understnd wht re the importnt prmeters in sene to e le to lern themF ISP o do thtD we must determine the importnt light prmetersD rete the neurl nework who will e le to lern these prmters nd rete the dtse for the lerning phseF e hd determined tht the geometry of the sene nd the light soures position re the most importnt prmeters to vryF futD the diversity of environmentsD the ojet olorsD other light soure prmeters @s the size or the olorAD mer position re lso importnt prmetersF e must tke them into ount during the dtse retionF his one is presented lterF uh method presents the dvntge to quikly (nd oret environment mp oriE enttion ording to the lol sene illumintionF woreoverD if the dtse is orretly retedD nd with su0ient mount of sesD we re le to tke into ount more ses s severl light soures or ses without seleted referene ojet present in the lol seneF futD to otin orret resultsD it is importnt to de(ne preiselly the di'erent prmeters whih in)uene environment mp orienttion detetion nd to propose severl exmples tht vry these prmeters to tke them into ount during the lerning stepF husD lrge dtse of thousnds exmples is neededF 6.4.2 Input data he input dt of the method must e the sme thn the ones desried previouslyD see setion QFPF fsillyD n environment mp nd lol seneF e do not hve to provide the referene ojet msk or the geometry of itF futD lerning step hs to e done nd lrge numer of exmple must e givenF e dtset of ouple of environment mp nd orresponding lol seneD presenting orret orienttion must e lernF o otin the input dt for the lerning stepD we deide to rete dtsetF feuse of the lrge numer of imges needed to lern informtion on imgeD we deide to rete virtul dtset usle to lern usefull informtion on imge to reover orret environment mp orienttion for given lol seneF feuse the dtset is virtulD we mster the prmeters of eh sene given to lern the neurl networkF his informtion n lso e use to lern orret estimtion of the environment mp orienttionF 6.4.3 Dataset creation sn this setionD we desrie how we retes dtset to trin the neurl networkF e desrie the identi(ed hrteristis the dtset must hve to llow the environment mp registrtionF o rete the environment mp dtsetD we use ovy 2 softwreF ovy is ISQ pigure TFI ! htset generted with ovyF hi'erent senesD light pro(lesD ojets olors nd positionsD etcF por eh seneD there is n environment mp with n soited possile lol seneF tool used to rete threeEdimensionl grphis ontentsF st llows to desrie sene nd render itF e suh tool is useful in this se euse llowing us to ontrol every prmeter of the seneF husD the light positionD the ojets present in the seneD their olorD etcF n e hoose nd permit us to hnge them nd otin lrge numer of environment mp whih present ontrolled nd known prmetersF

  htset generted with ovyF wo di'erent senes @eh rowAF invironment mps re on the left olumnD nd lol senes on the right oneF sme ojet pro(le @i.eFD the sme ojets re present in the seneA ut hnging light pro(le nd ojets olorsF ih two linesD the ojet pro(le hnges @i.eFD we otin new seneAF he (gure TFP shows zoom on two di'erent ouples of the dtsetF ih line presents oupleF he environment mps re on the left olumn nd the lol senes re on the right oneF e n note the hnge of prmeters etween the two senesX the light positionD ojets proximityD olorsD etcF e n lso note the vriility of the lol senesF he (rst one presenting only uilding fdeD nd the seond one trees nd nimlF husD we rete dtset of imge ouple @environment mp nd lol seneA whih present the expeted vriilityF he sene re oherent even if the ojet positions re rndomD with vrious light pro(lesF 6.4.4 Learning based approach wo di'erent types of lerningEsed methods n e developpedF iither the gol is to (nd orret environment mp mong dtse of environment mp nd to selet it into the dtse to otin n lredy existing environment mpD or the gol is to rete n imge of possile environment mp with light pro(le orresponding to the lol seneF foth ses return n environment mp imge whih is good solution to illuminte the ISS input lol seneF roweverD those methods re di'erent for the oneption of the neurl networkF sn the (rst seD we de(ne tht gxx is the orret neurl network form to doptF sn the seond se n utoEenoder my e n pproprite solutionF sn oth sesD the litE terture presents etween (ve nd seven lyers to otin orret results vIU ww + IU q + IUF sn se of n imge reonstrution using n utoenoderD the sme numer of lyers re used to reonstrut the (nl imge nd otin the resultF o vlidte suh n pprohD we n ompre the result with those exposed in the work of roldEqeo'roy et alF rqr + IUF hey present "CNN-based technique to estimate highdynamic-range outdoor illumination from a single low dynamic range image." o trin the gxxD uthors hd use pirs of low (eldEofEview imgesD nd illumintion prmeters @sun positionD turidity nd exposureA from the xQTH dtset iyIPF henD they extrt low (eldEofEview imges from the pnorms to otin test dtsetF hey n detetD using single low (eldEofEview imgeD sky prmetersD nd soD to predit outdoor illumintion prmeters to rerete QTH • imgesF pinlyD they use the otined environment mp to relight senes nd re le to oherently insert n ojet in the imgeF IST Bibliography epw + HT emir ekrzdehD tEw prhmD hilippos wordohiD frin glippD ghris inE gelsD hvid qllupD ul werrellD w helpsD inhD f ltonD et lF owrds urn Qd reonstrution from videoF sn Third International Symposium on 3D Data Processing, Visualization, and TransmissionD pges I!VF siiiD PHHTF euII glemens erthD wnfred ulopshitzD qerhrd eitmyrD nd hieter hmlE stiegF elEtime selfEloliztion from pnormi imges on moile deviesF sn 10th IEEE International Symposium on Mixed and Augmented Reality (IS-MAR)D pges QU!RTF siiiD PHIIF exfiIP xijd elExjdwiD relmut i fezD tyoti inghiD nd irn e idirisingheF e survey of st shdow detetion lgorithmsF Pattern Recognition LettersD QQ@TAXUSP!UTRD PHIPF eftHQ meer egrwlD vi mmoorthiD erge felongieD nd renrik nn tensenF trutured importne smpling of environment mpsF sn ACM Transactions on Graphics (TOG)D volume PPD pges THS!TIPF egwD PHHQF fgh + IQ prneso fnterleD wro gllieriD wtteo hellepineD wssimilino gorsiniD pio elliniD nd oerto opignoF invydepthX en interfe for reoverE ing lol nturl illumintion from environment mpsF sn Computer Graphics ForumD volume QPD pges RII!RPHF iley ynline virryD PHIQF fgeII edrien fousseuD immnuelle ghpoulieD vi mmoorthiD nd wneesh egrwlF yptimizing environment mps for mteril depitionF sn Computer graphics forumD volume QHD pges IIUI!IIVHF iley ynline virryD PHIIF fhuIP tenEghrles fzinD gédri hemoneuxD sl sseurD nd snso uweonF ottion estimtion nd vnishing point extrtion y omnidiretionl viE sion in urn environmentF The International Journal of Robotics ResearchD QI@IAXTQ!VID PHIPF ISU fregfIT roussemEiddine fenseddikD rihm rdjEedelkderD frhim gherkiD nd mi fouhfF hiret method for rottion estimtion from spheril imE ges using Qd mesh surfes with sphrm representtionF Journal of Visual Communication and Image RepresentationD RHXUHV!UPHD PHITF fuhHV tenEghrles fzinD snso uweonD gedri hemoneuxD nd sl sseurF e roust topEdown pproh for rottion estimtion nd vnishing points extrE tion y tdioptri vision in urn environmentF sn IROS 2008. IEEE/RSJ International Conference on Intelligent Robots and SystemsD pges QRT!QSQF siiiD PHHVF fvHU wtthew frown nd hvid q voweF eutomti pnormi imge stithing using invrint feturesF International journal of computer visionD UR@IAXSW! UQD PHHUF fxUT tmes p flinn nd wrtin i xewellF exture nd re)etion in omputer generted imgesF Communications of the ACMD IW@IHAXSRP!SRUD IWUTF frIS hsh fodingtonD tynt htteD nd wtthew ruF endering of stereosopi QTH views from spheril imge pirsF PHISF fqHT rerert fyD inne uytelrsD nd vu n qoolF urfX peeded up roust feturesF sn European conference on computer visionD pges RHR!RIUF pringerD PHHTF gggHV wssimilino gorsiniD wro gllieriD nd olo gignoniF tereo light proeF sn Computer Graphics ForumD volume PUD pges PWI!QHHF iley ynline viE rryD PHHVF gtewtHS etrik glrergD ojieh troszD oms ekenineEwöllerD nd renrik nn tensenF velet importne smplingX i0iently evluting produts of omE plex funtionsF ACM Transactions on Graphics (Proceedings of SIGGRAPH)D PR@QAXIITT!IIUSD ug PHHSF gvq + IV hn e glinD tenEprnçois vlondeD ulo qotrdoD oms imonD sin wtthewsD nd uenny withellF prom fes to outdoor light proesF sn Computer Graphics ForumD volume QUD pges SI!TIF iley ynline virryD PHIVF gwVU frin grlD xelson wxD nd ee pringmeyerF fidiretionl re)etion funtions from surfe ump mpsF sn ACM Siggraph Computer GraphicsD
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 IFI viste de termes identi(és omme fisnt référene ou étnt ssoiés ux rtes

  Création du jeu de données : hns ette setionD nous dérivons omment nous vons réé un ensemle de données pour entrîner le réseu de neuronesF xous dérivons les rtéristiques identi(ées que le jeu de données doit voir pour permettre l9orienttion de this thesisD we presented the (rst method to register n environment mp with lol sene utomtillyF sn the litertureD mny methods need to orient the environment mp to otin oherene with ner seneF his orienttion is done mnully y userF e present method to register n environment mp with lol sene utomtillyF e hrteristi of our pproh is tht we do not need to rete full Qh model of the sene or ny user intertionD nd we mke few ssumptionsF yur method provides orret
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