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ABSTRACT

The stu¿t o¡ the lisb je4 6 a func¡ion .lefrnins ¡he n¿übz atons tte .lfuren¡ viNins ¡titecrions oJ u scd¿,
std ed Mre th@ a d¿cade ¿gú a¡¿ k stíl¡ otgoi¡g rlue b irt iñt¿res¡inE appli.atioE. ^NnE the ttil.¿Ent pdrtukn-
za¡¡ons ünnnq for the l*ht Jietd, w vi be centered oñ ¡he spheírdl tisht jeld parMetenzddot due to its quatit, of
vi¿wpoint-in¿epen¿ency, Iñ this wo t we preyfi an inptuve¿ ñult¡eetktion ñethod foÜei¿enng o¡ sphericat lighl
feus wnh a non-wifom ¡dñplins, vhile focBiry ú th¿ !¡statizatiot of tarye ,tonse votme t¡sh¡_Jieí da,.le¡s.

C¿t¿gories a¡d Subject Desúip1o6 (úcorlins to ACM CCs):
Coúputér Gnphics [13.3]: Piche{Eace cÉ¡ention Display algoritbllr
Conputer cñlhics [.3.5J: compqt¿tional Ceonor.y úd obj@r Modeting-cüre, su¡face, solitl, sd objcct

computo¡ GBphics [I_3.ó] | Merhodolosy od Tecb¡iques-C¡aphics dal¿ struct¡¡.es dd d¿i¿ rylEs_

Ifts€-bsed rc¡de.iúg techr¡q@s e those which bDird
ibr€e dituensional re!Ése¡tatiods of a se¡e Dsing only !wó-
dimension¿l i.fo¡miiod extleted f.on iúages of it. One
üh shnjque it ligh! ñeld Éndering fLH 9ó.. at roriDg r¿
diúce i¡fomádon iiom ¿ slnthetic o¡ real sceúe, tighr-teld
reDderi¡g allows the üsual¿ation of rhe scene 6om novel
points of viry, Tho infolmlion sto¡€d in á üghr fiold con
s¡ts oi ñdi@@ suples ¡loDg a 4D set of oriented tines.
Light úel& co also be exter.led wirh de!1h i¡fomatioú or
gónehic !rcxies d supplementary iDfomtion atlowi¡g á
dore ¿cc¡Dle rcco¡shútioú of rhe radidce fürction with ¡
sdatler úóui of smples.

Like oúd inage-bded rendering re¿lods, úe simplitred
aquisition prcces is oft óf üe st¡e¡gths of light-neu rn-
tbring. As opposed !o rle acquisitim pbce$ of d¿l¿ used
in t¡¡ditlonal 3D ¡etulering, which ofi.¡ rcqu¡res conplex
{mi¡B h¿rd@ fo' aqunil ion of re¿l-world modeh, d-
age daa acqüisition cú be as simple s r¡king pict@s of
a dodel hon a given set of points poiúri¡g in a givetr ser
oidrecdons. Voreowr üBbr Éelds have bee¡ qrudied ro iú
prove rhetr EpRseúurioD Mc00l or used In conjuD(rion
pirh olher methods to !rcdüce noeel view go¡erarioú ie.h-
Dqu€s IqEJ'061.

Anot¡d admtage of this clas of recbniques is thei¡ ú-
beD¡t irdelendency of the rendercd sce¡et geomerlic com-
pleriry, This lact nalts then ideal fo¡ rhe visualizatio¡ of
3D d¡t6et' oI dbit¿¡y g@mehic compleüry wbile nú,

v lbuo,aberi.d syn!.sim jr conpür¿rs ohlhics slAcc ,011

laini¡g int@ctive ii@¡ates. This is ¡lso true when sce¡e
.onplenty delends on coDprtarionally e4ensive shading
e6ects. Conpleriry of i4age-bded rp¡esentatjons depeúds
o¡rly on the image cónpleity, which in the specidc cse of
ligh! lelds t a¡slates to á diEct depe¡de¡cy on the spatial
úd dúetion¡l @solutioú óf t¡e fane to be ¡endded.

As DoiEd prcviouslf üghrieu ¡€nderi¡g also suppons
lhe use of hybrid iDfomation consisring of ¡adimce dd ge
oúetry. This featw állows dre Ende.i¡g of scetres wfh a
gre¿t doünt of det¿il pbduced by tcxtürcs coupled wirh
sinple g€ometry supporiDg it. This p.ovides lighrñeld Ép-
reseútátion8 with mea¡s to integáte themsélves e¡s¡y wrt¡
co¡te¡t ba€d on müe tradilion¿l .e.dering t*hniqEs, @d
cm álso be lsed to produce .onde¡i¡gs of a higber qünny
with á reduccd doür of smpld with álgoritlhs thar use
depth coft ction [CCSC96].

on the other hú4 üsht-field nodels cü p.€so¡! high
slo¡age and memory requircne¡ts on the Énderi¡g system
rt bgb leveh ordel¡l] úe ro be supponed. fo EJuce úr in.
pe! ofthis .oquircmeúts or t¡e .e¡.le.ing pe¡foñúce, both
mlltijesóhtiotr ed on delfud data E¿¡ie€l rEc¡niques e
used to emble oufof€rc Énde¡i¡g tecb¡iques.

Moreore¡, Rce¡t advúes in üe ñetd or JD de\ices,
{sitrcally multiview displays. have tunher irc@od the
rclevece of light nebr d a re.deri¡g t*h¡iq¡e of cho'ce
fo¡ visurriza¡iotr of 3D nod€16 |YCH.05, CNc'051. Au-
tostereosopic displays, which prodee ditree¡t vids of a
sceDe for difre.ent viespoi¡ts cÉ¿ting d illusion óf vol-

ffiffi1 l'!--r-[',
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ume, work in a úü¡er much sinrilú ro lie¡t 6eldt, N iñ

bo¡h cas.s ¡liflerent im¡gÉs ¿úe ñapped lo dilierenl !1ew'ng

direcrions. Thi\ idtuitj!clt le¿'ds to a¡ associ¿lion be¡wccn

boih. ¿lthough (he spccifics oflhis dcp.nd on the pdamei.r

ization ofthe light-neld repÉse¡tatbn used ¿nd dre sp€ci6

cariois of úc dcvices tFNH'02, JMY'071.

Tlis pnper prcsents ¡n iúprovement i¡ sphcdcal Iighl

ficld rendeiing |IPPL97, cLF98.'lRsKK08l. l be s¡h{ie.n

light-lieli nodelwe u\e b¡s ¡hc P.openies desc¡ihed¡bove.
including hie¡archi.al nülliresolution, supPor t¡r geomer

fic p¡oxles ¡nd d.pth coreclion. and súppo¡t tór auloste¡eó'
scopic rcndcn¡e [EBA'09] Sphencd lighl fi cld púmeter

iz¡lion\ also gr¡nt viewpoinl-i¡dePendent rc¡dedng ol the

light 6eld xnd hctrcc unifom iDagc quality ¡c¡o$ diftnts

cnt poi¡ts ofÍiew.In this $ork. wc present an !¡Prov¿mcnt

on the Iight iield ¡c¡dering algorithm ihat provides diffü$i

lelels ofdet¡ilo¡ a¡bilrary snPling direclions. This ¡Uows

us to re¡lu.e rhedircclional ¡¡dsp¡dal Esolutio¡. lor a fre_
dc6ne{l ser ot¡¡gl.s,It ¡lso ¿llows us to reduce ¡he datasct
. i /e ,  J  rJ  nknro4 lou 'p r  n r  u l  ¡  s l i -  h l !  . )o r iP l  I ' v  r '  r ' t

lels ranpl¡ng on vie\vpoin¡s which a¡e less likely to be e\

¡ñinedorae no¡ acquitablc lbr a given scen¿

I¡ rl¡e ¡cxt pages, lee Éeiew previous rotk and lheo.y

ryón Rhich light-neu rendering finds ils founda¡ion. in or-

de¡ to prcvidc a báckground on the specincs ofihe chosen

rerdering model. Alier that, wc e\pl¿in rhe té¿üres, advr¡

trges a¡d disadvxnt¡ga olrhis nodel. \\! IheD explain hów

rhese fcatu¡es úe of¡elevance lo ou¡ worki and presedl oú.

corriburions. La¡er, we outline some idcas tbr lutu¡e work

cnd discu$ lhe co¡clusions de.ived f¡om ourcurentwork.

lhc concepr ot light field is b¡sed on ¡he plenoptic tu¡c-
iion delired by Adelso¡ and Bergen lAB9ll.Iiwe consider
the nnLhen!¡jcal concept ol p¿rcil ¡s the set of ays pass-

i¡g through a point in sp¡ce- wc can.lefine the lighl ficl¡l rs

rhe r¡dimce ol every pencil irr space. MoÉ jbmallt ii c!¡
be deRned as 4 funcú,n thal captu¡es the .adiance ,t flow-
' l t  t r r u ' ¿ ¡ r ( \ c J  p o r r '  1 , .  ¡ e \ e r  o ú * r b l e  d | c  r i " _

o  q /  u l . l D  p " . c .  $ e . r . , r p .  b  1 , .  r . f  , r , o r  - * u i  i ,  F
rdiá¡ce Io be ofa Iiied w¡lele¡gth xd¡l refrictitrg t¡mc ro

epresent a fixed momeni, rhus obraining ¡ 5D scalar tunc-

Lion Á(i,1,:,9,0). which slllgive a ¡¿rlie.e v¡luc lo¡ er¡:h
posnion and direction id spacc. Note th.l by ¡educing rhe

didensionality of the lúnction in this múner, tbe suPport

of rh^t tuncrio¡ becomes rhe ser ofÉys ¿(r.r,:,e.0) of 3D
sp¿ce lccsc96, LH96l.

,\s mdiúce is co¡slant along x given ¡ay. ve c¿ú turher
r a u . " ' \ c " u r e .  i o 1 . l r . o  h . '  n c i o |  ' p f u ñ  - D . r q e

assume an occlusion fF¿ lDregion of space i\ being nod
el€d. The¡efore, thc süppor of ,R becomes the rt of orienrcd

lincs in lD space. O¡cc we h¡veden¡ed the lighr lield h rhis
wa), ¡ll we need to do is describe úis set of lines rccorl

i.g ¡o ¿ giver p¡ranelerization, which can bc st¡rctu¡e.l or

!¡structu¡e¡l. This par¡o.t€¡izrlion will fr.duce ! discrere
model, ¡llo{ing !s to qumtili úe ¡adiancc functión by I¡k
ins sadples olj¡ in a fi¡ite set ofpo¡ns iNide rbe bodnds of

Nietre 1: Plnat para,n¿ru¡.¿ton

2.1. Lishrficld N¡odels

The ño rtpe\ of p¡r¿Netenz¡tio¡s, structu¡ed a¡d unsrnc

tu.ed, dilTcr i¡ L\e {ay rhcy súple lD sp¡ce UnstructuÉd
pd¿meterizatbns do dot impóse ¡cstnctions on the I'erv

ponns used to caPru¡e the images of lhe obiects Models

o a e o o  u " t u . ' u r c d p r i ( r e i / " r o r ' . r n b c o u  | ' i r g

approximaLe gcomct¡ic ñodek IBBM'011. depth ini¡rna-

tio¡ tsvscoll. or ne¡suremenls ol rhe focus ofúe oblcci \

p .  i .  l l \0 i  .  on  r .J  óJrJ  nc te i / l

tions s¡nple thc.ays üsidg ¡egülupatte¡ns in úeirpa¡ame_

ic6, Most st¡uctufed púúetc¡izations can beclassifed inr'

one oi t*o types, pland ¡¡d sphe.ic¡l

Plmr paranct¿¡izrtlo¡s, which itrco¡Ponte co¡ceph

frcm ho¡ography lttt192l, p¡r¡neterizc c¿ch li¡e in thc light

lield únh ¡wopoj¡ls P and 0. These poinis deline thc inter

section of a line {i(h two pú¡llelrlanes Gee Fisu.e l) a

conrrucion eiren lhc ¡ame of /ig¡¡ rl3¡ The¡cio¡e, a line

¿is denncd by púametcs (r.t.!-t). Áccordi¡g to this derr

¡ition, we ¡ccd a niniDum ol six light slabs to form avól_

umecompletely enclosing a siveú model [LH96l Co¡t]er ¿,

¿t extended th¡ nodel using leome¡ric ¡m¡i¿r to imp¡ove

the reconstructión of thc continuous ¡adi¡nce lirnction wr|n a

depth corectio¡ ¡lgorithn. that¡educed túihc¡s like ghost

ins and seams lCCSC96l.

Flgúre 2t Sph¿r¡cal P¿tukEkri.¿non

The¡e iÉ sev¿¡al types ol structued spheical Pxraoere.
iz¡tions. Iic mosr ii¡ely k¡own ones are the two sphce
pdJ nere.i¿" inr IPPL ' J 'd rh( J r.cri"r 'r J Po r r-
¡¡neteriTa¡ion IcLF98l. These Pa¡úcte.iz¡tions h¡le the

v lbe.o Am.¡icdn sydposim i¡ Compute¡s Grap¡ics SIACG 2011
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jrd¡¿ge that they produ.e a (qu¡si)ünifom sanplids of
:: Iine space wherc üe lighr teld is .lcfined. T¡e rwo
::r.¡e p@melenzation deliaes á ¡ay using ¿ poi¡r on the
:j¡ae of ¡ sphere borndi¡g the Dodel along wilh c puxr
:: ! sphere clinging to the p€vious ode. On rhe other hdd,
:: difecno¡-ed-poi¡t pddercrization sel@h a point o¡ a
:iojeú plde and its perpéndicülü di¡ecfon ro achicve üe
.áe resr¡lr. In this work we use this l¡st pdmete¡iz¿tio!,
¡ J.fiibed in dct¿il iú Secrion 3. Figue 2 shows ile dnec-
: ri and point pümele¿ation, whe¡e rhe ¡at ¿ is giver by
r Jneclion D and its i¡tenection P rith rhe suppor r¡rarú
: : cncle C. An altemaüve rse of this púmererization by-. 
,!¡ e¡ al uses ptrabolic imges to reduce disbnion duiúg

::¡d.¡ing ITRSKK08],

On€ advdrage of rb€se pdneteüatio¡s wirh ftspect to
r:iü púúeter¿ations is th¿r th€ lállc. need several ,raDs
¡ ¿nc¡ose the object to model- This prcdlces disconrinuities
r ¡¡e údidce f!¡crion ed úoriceable tutifácts whetr the
:=..n. is viewed f¡om vicwpoi¡ts wberc moÉ rhd one sraD
i rGible at t¡e súe time. Fu¡üemorq sphe¡ical prm-
::.r;ations preseDt inie¡erring lúerúchic¿l mut¡i-esoroo.

.l¡orher alternative ptueterizatior G surtrce tighr
:¿lds lwA"{" 00, CBCC'021. This púaneterization needs ro
: riai¡ a geome!|ic nodet of the scene to be ¡ende¡ed. T¡is is
-a.úúds sinpli[ed md used d a smpling su¡face which
::orely ap!rcximates the objmt. A sihilfl apprceh to üis
rcbnique is yiew depe¡de¡t ie¡¡¡¡e nappilg IDTM9ój.
:;hee o¡ly a snall sct of súpiing direclions ue ucd to
::pn¡e the appeúmce of the objecr modcled.

3. NoD-Unifotu Sphericsl Ligüt [i€tds

Ñe base úe nodel we wor! wirh on the sphencat light fietd
:raúeter¿ation, due to its mdtircsolutioú prcperties dd
j1e i¿ct that it is delined mifordy on the whole scene vol
rñe, Tte fact ihis pdameier¿ario¡ is denned i¡ a ¡€ury
riform n¡úer fo. aU possible rirypoints ¿llows us ro En-
l¿r light ñelds conerly without severe disconrinüides ac-
:¡o$ the possible vie*?oi¡ts, This pmvides us with the op-
''.n !o .elecrive¡y reduce L¡e mJúr nf\ample( tor tou in
ie¡est viewpoilts, by allowing ó dbirary degree of discon
! nurty or coMtness 6 ¿ trade ótr for rcduced nenory re
quirenents md e¡hanced perfotud¡ce,

J.1. Spbeúc¡rLight-IieldModettng

Ou nodel is baed o¡ rhe spherical Iighr neld de6¡ed by the
LeüLon dd Doi¡I púmehn/¿rion, DPPr. lo pddeÉrize
a Light 6eld acco¡di¡g tó the DPe the ñeúe votme is tusdy
iir idsi.le a sphere of !trit mdius, T¡en, we uniquely chú!c-
lerize etuh ¡ay by its di.ectio. and its iniesection poinr *ittr
a gre¿1 circlei pe¡pe¡diculú to rhe ¡ay direcdon ad pa$ióg
ú¡ough ihe ceoter ofthe spherc.

Wit¡ ihis pdameterizatio¡ we build a disc¡ete lep¡cse¡t¡-
rio¡ óf tbe light fie]d by obtaini¡g a discrtization of the ser
of pencih located o¡ ine sü¡face of l¡e sphe¡e. For this, we
pick a sot ofpe¡cils, dd approxirote each of them by the d!
¡echon pa$'ng througb the cente. of the lercil. r se chóose
this set of di¡cctions so r¡¿t they nalch rhe dir@tions denred
by the li¡es going Aom the sphere's ce¡ier ro rbe cctrre¡ of
each úidgle i! a geodesic hiegnlatio¡ of rhe sphere, we

v lboo-Amen.m SFposim i¡ Conpures c¡aptic StAcC2otr

obt¿in a quasi-u¡iJom set of di¡ectio¡¡l súptes. Ihis way
e" ,h  d ic ,úon¡ i .dp le  pa*e .  rbJou8¡  Lhe.enr t ro ra  l ¡ i -n
gle úd eeh tri gle ¡ep¡ese¡ts the peDcil of dú€ctions ap
pruximated by tbe sMple. We can tie¡ c¡pture úe mdia¡ce
dsociated to oeh peDcil by obi¿innrg d inage wiLh o or-
thographic came6. The prcjeclion dircction is t¡e di¡ection
pasi¡g though thc center oI lhe ¡riangle. Th¡ disúedzarion
alows lhe üse of Écursive subdivision of rle rriúgles to ap-
pronnate the sphe¡e's surl¡ce with no¡e derail, providing a
simple multiresolution scheme for ou¡ Ép¡ese¡tarion.

Figve 3. TrianEular subdivis¡oh of the spherc: white tidh
gles belons ¡o ¡he origi@l ¡cosdhedrun, gmr ¡úengles be
tons t. ¡he l6t subdirision hrel, and black rtiúst¿s b¿tons
to the second stbdivision letel,

\ow. befoÉ srplDe ¡he I'ghl Feld foroqroE h. p¿-
tutenzatio¡, we musl detemioe the ¡esolulion ar which
we pe.fom the smpüng. Smplitrg resolurion witl be üe
ptuduct of the directio.al ¡c¡olution used, or ¡umbe. of di
rectiónal smples, dd the spáti¿l resolútion, or numbe¡ or
pd¡h smpled for eac¡ dndtion, The Dutuber of dúecuo¡ur
samlles is the sme a the nünber of úidgles p¡ese¡t rn the
d¡cretüation of the s!heÉ. Fo¡ ou. mulliesolution nuurr,
we use 20 dircc¡io¡s for lhe lowesr leyel of detail (LOD),
lcveL 0. They match the ¡mber of Fiegles of an icosa-
hedron. This gives us the códsest LOD, For higher Fvels
ofdet¡i1, w€ subdivide the icosahodDn s bi¡¡gles rsdely.
gener¡ting a hietuchical struct¡üe whe¡e eeh subdi!^ur
level ¡ ma.le of a tessellation of the p¡evious o¡e wirb fou¡
tines its nuúber of l¡idsles (see Figue 3). Wirh.eg¡rd ro
sp¿fal rcsolutioD, it is given by thc rcsolution of th€ canera
used i¡ the light field captre pm@$,

This lig¡t-lield repae¡t¡tioú ¡lso supports dept¡ coftc-
tion. The rep¡esentaüon stores botb radiance and dept¡ info!
matior ássociated to each dirccrional sample. Depth infoF
natio¡ does ¡ot Deed to be very precise d it is only used ro
approdmate the o¡igi¡al eeomerT. Iypicaily. 8 bir or 16-bir
depih válues !rcvjde enough !rccision for depLhupporred
rcndering [EB4"09, TRSKKo8].

3.2. UniforD Sphéri@l Lisht-Firld Rendeins

Rendeúng of sphe¡ical lighi 6elds is much sihpler tha. othe¡
geoneL:l'-based renrlerins techniques a n just requnes thc
d¡¡wing of a ¡elatively low mount of texturcd himgies wlth
the corect prcjecüons úd ¡o lighting cálculalio¡s- Thie al-
go.ithm is a nodified version of rbe original Luni8l.ph ren-
dc.i¡g algorithn [CGSC96].
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In oú cse, the eiewing volúme ¡ enclosed inside the unit
sph*c Epresentins t¡e light neld, md both üe cenrered ¡t
tlp origin, Visible pencils coftspond then to the spherc Ei-
ang.e .  . ( ib le  In  th j .  \o l - r . .  comc.  r¿d id . . .ample '  in
the inages represendng eacn pc¡cil are shorn by cóúput
ing the appropriale ¡exh¡re coo¡iinales in each lertu¡e. We
do this by p¡ojecnne ceh veñex onro üe cor*pondi¡8 sup
pol pIúe of the pencil associated to lhe iridgle. This üght-
ñeld.en le¡ing algoriún is s{plained in det¿iL in the pape¡

by Esc¡ivn ¿¡ dl. |EBA'091.

our sampli¡g scheDe allows eene¡ati¡g views lor ady
viewpoint o¡ the u¡it sphcre. The ¡enderi¡gs of such ñod
ets prcduce eood ¡er ts ifve generate enough samphs for
the dat6et, typically 1280 dúectionalsamplcs od 256x256
.pr i¿ l  \¿mple . .  Huweve¡ .  'p l ' . ' .a l  l i sh  l ie ld .  m.J  re
qüirc a ldger anóudt of sdples il dcpth corcction is ¡ot
uscd, When usi¡g depü corection, the sto¡age sizes of thé
dr l  e . . r  be  eJu-cJroadegte .hur rhFJ ,  |  \ú l l  re tu i ¡
l¿rge if high re¡{bnng del¿il is dcsired. In orde. to work
wit¡ such iúge dal¿se¡ sizes, t¡e use of memory c¡ching tec
' iq -e \dduur  o r  coe  cnd. r 'ng  hd  oeen o 'opo.cJ .  ú laev
ing ecept¡blc resulh itr rendering pedomance, blt l¡ $e
cost of extendcd usage of nenory

3.1. Non-UDirorñSpheri..rLighnField Modelins

ln orde. to ¡ednce tlE dal¡ser size a¡d ñenory Dsage of
sphe¡ical light ñelds, we pñpose ¡ siñple modifcation of
thc lieht-neid ácquisi¡ion and ¡eodering p¡ocesses. As noled
bcfore. sphencd üg¡t ields re chúacte¡ized by the unifor
nity of úen súpLi¡g schcmc, It suplofs ¡e enng ¿ scene
with tle rúe qualiry ¡egedle$ of rhe viewine pddete¡s,
T¡¡ unifomity is desi¡ablc for renderins scenes. só ú¡t the
nser is alowed to rot¡te arcund the mod€l freely ard eiplore
it vitho¡t ¡enderiúg dtifacts o¡ chages in the rcpresenta-

However, IMy ¡imes the obs.natio¡ ot a scete can be
núowed !o ¡ educed rdge of vieqpoints, deleddi¡g on
t¡é specific qu¡lities of the nodel ór úe specinc goal of thc
E¡deñng A c lea- . rnp le  o f ihN raar ioó  a  the  üsuJ iz Í
tion of¿ light ñcld obl¡ined from ¿ st¡tue.ln this case thc¡e
de two circumstoces leading to dre use of ¡ reduced ¡um-
ber of viewpoinls duing obseralion oI lhe nódel

The Arst onc is the abserce of smples for parts ot
rhe \rewpo ñl rrge. Ti 'púed &om " reaj wotld ob,ec.
chúces are úai a set of tne lighr-lield sanples is diffrcult
or even ipos"ible I o\'dl Fr ib."d-e. L¡e ddples in
rhe bottom hemisphcre of a sampled nodel ¡esting otr the

Eroun¡], or rhe smples in the top par of the henisúeie if
the height of the model prevents t¿k'ng smples of it.

On rhe other hadd, it is possible that a subset of the
viewpoi¡ts lhat could bc ¡cnde¡ed is. simply, irelevmt. f
{e weÉ to gene¡ate a light field fron t¡e model of ¿ 3D
digiiized statue, thc model would still cort¡i¡ ¿ digirized
base or sttnd, o¡ ¡ n¿t su¡fa.e in case the st¡nd w¡s renoved
from the 3D nodel. This su¡face pres¿nh little 10 nó use
fül infom¿rion to ¡he viewe¡, and is most likely óot tó be
obsered when the dataset is rendcred,

Ttris súe ÉasoniDg could be appli€d to dbiharl secuons
ól ¡ model if we wantcd to focDs o¡rly on cerain pdts oi it,
aúd is a deteñinant fetor in the size of a d¡t¡set. If we

know i¡ advance which viewpoints requile more detail, then

we can distnbüb sanples ¡cco¡dingly a¡d nne tunc bot¡ rhe

spati¡l aod th€ dnecdoftl Ésolutions. The resulting light_

iield nodcl eill either use less mcmory oi rr day storc mo¡c

dctail for selected dircctio¡al sanlles.

3.4, Notr-Unüom Spherici Lighf-Field Rendering

In orde¡ to impleneút no¡-unifom üght nelds. we nee.l r.

gene¡ate dd siore a ¡on u¡iforn ddt¡set ¿¡d implenenl a

nodiñcd ve6ión óf the ¡endcring algo¡ithñ of Esc¡iv¡ ¿¡

dl. [EBA'09]. To do so, we suppol selecülg a diffe¡enr sp¿'
tial rcsolution ior eeh dilcctional sdple of the dataset, od
sto¡i¡g a non unifom u1a¡gularion hicra¡chy ior directional
smlling. Selecting ditre¡en! spatial ¡esohlions allows us-

ing lowú rcsolution inages for low inte¡esl Égions o¡, con-
ve$elf higher ¡esolutio¡ iñages for ¡egions of iúterest

EisÁrc 1t Twa üañpte ri*s of 4 non4nifam rphere t¿t
seLat¡ú (reEiont wi¡h pen.ik whh diÍerdt subdírisioi tza'
els have beea pparated fot tldir!: whi¡e: tower rc$tut¡Dn
penciLs, gtq:tuetiiuh resoLt¡ió, pencits, üd black: hitsh¿l
ftroLu¡ion pencils ).

¡rdependert dn4tion¡l tesolütion wi]l ¡llow us to .nntñl

tho availability of viewi¡g poinrs. In order to produce difer

ent dirccrioral Ésolutions fo¡ dltreredt views, we c¡eal,e ¡
scene-dependent configüration, where smples de available

only for seleted le¡cih. Using the sphe.ical nodel ard ih

hier@hical st¡lcture, we produce dif|erent en¡enent levels

iirr e&h of the Iówest LOD pe¡cils. Stafing wilh thc initial

20 dircctions, we mrk the ñax imum relinement for each of

their ssociared pencils. That way we avoid laking too múy

samples for percils lhat do ¡ot need then. We only subdivide
rhc icosa¡edro¡'s triangles whe.e highe. LODS m needed.

v I¡ao.Amen.an Syñlosin i¡ Compuks C¡aphiN SL{CC 2011
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r',qúre 5t Two v¡¿t's of the f,o,¿tsbns o! our t¿| tua et:
t¡pt]w, ne bo.k ol the k:utp¡ur¿ hts t¿$ ¿e¡ait: Tóp t rt_
:h¿ ÍLtptlE at ¡uU m¡fonn rcsotLttion: nate the dllsenc. of
.,1¡Jdc^: 4n¿ ¡op tighr, 1¡E non,aiJo,n ¿u^d n@\|ine d¡
\rr¡oral ¿trfd.ft (sedns)ú th¿ ihtrye, aÍ¿ posit¡.nat dnt
:¡.8 l?itela¡ion) ¡,1thc inlet: antt botrón ñs, th¿ ¡tunt of th¿
'ttúrnte ¿¡ras¿lhes nt.e lletait and it alJp¿ars at roughu
:h¿ lnü¿ t?sal¡nion ¡n th¿ uüüón la¡dr¿¡ lboÍón let,. ¿¡¿
'tt! ronlo\iJ.m ¿atu'er (bo¡r.b nehr).

Frcu¡e 4 shorvs rwo licws ofrn ex¡mpte non_unifom td¡n
:ul¡¡¡on of r¡c sphere, Figu¡e 5 show\ a tight icld ofr statue
¡r.d¿led using both a unilom a¡d r non unifo¡m repEsen,

\ote dDt our .cnde.ing atgo¡irhm do€s nol shoq rhe
!¿ans p¡esent in rhe ressellarjo¡ illust¡ared i¡ f.igure l. ¡n
ú¡i Figu¡e neighboring riangles of ditiércnl rsoluuo¡s
jhow sems alo¡g lheir shared e,lgcs. Such seans do no¡
rrpea. in ¡he light-feld re¡derings bec.use t¡e projecrlo.s
.f nrch t¡iangles onto the rcnderer.s viewi¡s frusrum con_
rr.tely covcis úe p¡o.jecdon pl¡ne wi¡horr holes ó.scans.

T. Gsr our ende.ing algorithn for non-!.ifotr spheñcal
llsht lields, we gener¡red a iest datasel with ¡ uniforn sub
iir¡ion oflevet.l. The dat¡set ú D¡ade of5t?0 dúecrional
-¡mprcs ¡¡d srores ¡ 512 x 5t2 plxel imaee for each dxru

fhe d¿t¡se¡ co¡uins inagcs rendercd i¡m a digirized
rolygonat nodel of L5 núllion potygons. tt krok us 5 dlrs
roftnde. ¡ll rhe imases usin8 Ble¡der The conrplere righr
¡¿rd d¡raset occup'es noÉ lhan 5 gigabtles. ?o.endcr the
.rghest LQD olthe uóii¡n sub¡livision at inrehcrivc rd,r\
. .  ¡ e c J  r r . r o r e  r l l  ' f e r n . e e . 1 1  r . _ i r r e r o D , . e e | | -
urc j). Tha¡ is, we need ¡ conrpure.outlilted ivith, al lcar,6
trSabytes oi meúory, thd Drodel. hoú,ever. prcseórs ¡ ta-!c
i¿t ¡re¡ ar i¡e borton. ¿s welt as few te¡iu.es i¡ the b¡c\
.:rving li le n¡fomation ot inreresl in ¡hose .egions. t.his

v ¡¡ecADe.ican slrlosiu in Conp¡tem eraFhi.s S]ACC ,otl

lllows ibr a non-unifoD sanpiins of rhe nodel ró Jower
the LODS of ¡hc re-gions co¡rdini¡g less intormahoo, lhc
r¡gions conlui¡g moE infotuaiion. lile thc ftunt ot ¡he
st¡rue. ! stored ¿t higher LODS. A non úniforn ¡edde¡ing
ofthe úódclcú b. see¡ in Figure 5. tr ¡equires roughty I
ggabtre ofmemory. rhus easity nfting i¡ a cómputefs ñxin

'Ib build rhe dat¡ser, we decrease the nodet.s LOD i¡ ¡
progÉssive ¡núnc( chegi¡g lio¡r higherLODS ¡t rhe fonr
rñ  lu re f  L r rD.  - .  rhe  " .  n - . ¡  " r  d  ne  b-  r  a r  úe  " , , -
lhe  J  rc .  t io r ' . ,  ¡g , . " , .1 ¡  i , , . ' . . :

4 ar lhe ffonr of rhe slaue !o lev€l I ¿l the bac¡ of rhc
sl¿tuc. The spatial s¿mpling is atso sclccFd in the same
way as the di¡ecrion¿l saúples. Speciñcally, bighú LOD
pcncrls use 512 x 512 pixel inages. Likewise. towe¡ LOD
pencrh use 256 x 256 pixer inages. This vújabte mutdreF
otunon Épr¿sent¡tion prodüces codect resulls when ¡endcf-
tngircdtle{s. Wlren ¡endering bouom¡ndb¿ck vicws. rts
tii¡cts ¡ppee caused by undersampting tn .egious rn¡t do
not con¡ar¡ rmporúr f.atuÉs. ,{rrifacls ¡¡c rypically se:B
a¡d waeidg. As for the nemory .eqli¡encnts of th. non-
un¡tom daraset. ironly üser 932 MBy.es i¡r.ad of rhe 5t20
MByres of meñofy spd.e used by the unn¡m dar¡,s€t. This
rcduces the sparial cosr of the reprcseór{ion by ¡ factor of
five md al¡ows srodng the edtne dar¡ser ür m¡in nrctrrurl,
thus¡educi¡gcbachemisses dd disk loads. Our storage po!
icÍ which ña.ages pencit s¡úlles hierúc¡ic¡Iy, sinrplifi ed
Inr . ruJ  Sener r ro l  o  r 'e  non un  t .  |  1  reprc . .  r1 r . .  n  L , in8
our k'owledge ofúe úo{iel\ feaLu¡es.

5. ConclLt¡ons ánd Future Work

L! this paper we pÉsen¡ ¡ non-!úfom subdiv¡ion shenr
fo. sro¡ing and endering sphe.ic¿l iish! fietds. Tne dau cu
be gc¡e¡ ed at diifeenr spariat add diectionat rcsotuuons
depending on the úeed of derail for rbe differenr diecdonal
sampres ofthe light-tietd nodet. Funherao¡e, dodeh wirh
differe.¡ ¡on-unifom subsers of di¡ecrionat s¿mples can be
builr in caes whc¡e i is impossible to¡cqunca 

 

l¡e samples
o. ne¡e rs a ldge smple subser with lirrlc or no in¡e¡esr
to lhe viewer In eirhe¡ case oü¡ approach c¿n substatrtjaly
reouce ¡ne forage ¡equúemenrs of lhe da¡asels white srill
provrdrng good qu¿lilr rcnderings.

We oblai¡cd the.esul.s oi rhis p¡pe.m¡nually ge¡errL,,g
r t -e  r^n  r l . ' ^ rn   sF ,  ne to  n  ode i .  fu  dc  .o  qe  Fcd,  h i - , .
r,\r.riLea¿ h¡.ed J,'., r kjior "as. -' 'r," g-.",i. ."i.i
A key goal ofour luru¡e.es.¡rch is to creab an aulodared
ur  nper \ ¡ rd ¡ - . tu . i io ¡p rnce. .  u r  non ur   oq  .Dh- ,  ,1 .
' : sn ,  . ,d . . \ \ . s  'n r  tou , ,c ¡nner ¡c ¡e te r  r ,ceo ie^ . t  ¡aL
ple in a sedi-autonaric or ¡utom¿tic n¡nn€r For each di_
ecúonar saúple, we wan! to be able ¡o decide sheth€r Lo
capnrÉ a. ¡eúder ¡n rmage aód rhat Ésotution to usc rb.
th¡t mdgc. Addirion¡lly, wc wúr ro explo¡e whic¡ cnr¿¡a
to use ro deterñine wherhe. ¿ s¡nple is wo.rh ge¡er¡tn,s or

Ou.ide¡is ro use, shenpo$ible, borhobFcrile and sub_
lecrrve cnred¡. Obj{rive c¡ ena h¡y ror insr¡ncc be based
on estnnfions of rhc compjexity of rhc sanpled view Sub-
tehve c¡tena can be based on rest .¿ses of scene oLscr-
val'on by diffe€nr üse6, expert opirions ¡bour a modei.s
fe¡tues- and rcftr:ds nade by the cÉato.ofthe nrodet.

slch n methodolo$ would allos a nne run..l light_rietd



tmoLrs wherc n edory ÉquirenedLq qould be nininrtd

allo;ir; móre ¡cnded¡-s delail and inc¡eóed cehe perfoF
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