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hjHh jEets oHBdwW dOff tcOo dzj dzad v

codqd) 1 S sMmddzze bkoda® daitsidevz L Olskzr- Odzdw f OH O
L Qo (st tsls k6 d&zO

YitsBdzOMmls! tsftcjHjdzjdedV wotlfifQHO N tgjLcdis e’ Blz
1Ists?2 tBdzOMisd ftosdLoudbBfy dddlsj ctcd tctso Odzd |

wl
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{HdddB dL &BjlssHse gl f Gukd o @@d bpy dzdsy Is 51
sOtc@gss. tdh’ NP OUMYR § sdztsy j dzdV ddzOB ¢
s s yOdud e L Ypik G ip jsdztc Oxzjindeddz0 o deddaCy jlsdiiy  § 64
alphapix, 9 =1.ltetsdL asHdIsmw fsdmM¢ B dfH MO SBEFCIHE
Myj dzO2 Hg =20 f smdzj 1 Riwd sz das dlstzy dsji?v dzrsH d didz
wi( dL 5B w@¥edatz? Mddzj 2 dzddied 28w Jeemid i da$ar)s
dzs M lsplwl) tOMY toj Hj dzj dedw, f st igdts @O @R dzs T - L dz
y d ff(x1, wl, wo, t)®, sthyySQ@dzi J B dztse dzvalphsfmw L dzOyJ dzd

alpha(pix, 8 *= fr(x1, wl;, wo, a;t) / p1(wl)

1 sfdzj HideOWE f csdL o sHdB@Y Y @BYMET LsySd
2 ¢ j sd3pls € dsjoiitaligi?tec d oz j Is w2 ddztdse. TH2.  dfts\f Of -dzj
dets §Jted Md uddedd M dMsispudzd ¢ dgixfi)pmded O o Bei-Glsm
sodzj dz2dj] o dHBsSEts YjtejL dajets tsfo jh jdedW:

intensitypix) += alpha(pix, 8 * Le(xnY x4)

w

frxI'HE H ME o (
%

Lekntbx2) Leknibx3)

\\ ’f,
---------------------- 7
x4

frc2ME o ME N 0

x0

Leknlx1) Leknlbx4)
fr(xOMHE M MHE H 0 fr(x3ME n ME

{ M2 tdsjods seOmMMdess SO fkisd f weodr &g

[ S sdzdzj dzd j 53 & EtcOodzjdzed¥ odL EZOdzdL Oydd,
teg " Jddw, §easdry MW o dztsc ts5 ity jted] dirplg sietizoftf vis &zl ¢
dzts 2 s sy 52 xnj diD {f defigflsidg Medat & dz' o fj s OH d dzj dzdjv- 5B
ter odMmilsr 3 dzddzedw dzd dzO tedm. 1. 2. xgdylskuysd
wodtse s MsjHddzj dzgdv BSHHW:dydtekzj sy EtcOo dzj «
LO(X,WO,/,t):Le(x,wo,/,t)+r’:] fr(x, w,w,,/ )L (xn,x,/,t)G(x2 xn)dA, (1.2)

AL
[x- xn

G(x® xn)=V(x2a x
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G H(xz xn) =1, j fdzd dzd dzd ¥ xdfxropizjz Blsias\q S Bdgd Is v
sBl jJ CSBEED=0, JMmMdzd BsCdtolkzj shw,

w; = normaxni X)1 dzgstedz tetso Odzdz’xki ®L. j S Istste Sls

co{ ¥ € sMd dalz iy szrelalf @ calf 7 ¢ sddzzf [z enpzfn, d3j
dzts toe RO dz! ¥ xnglx - IBINESOjOH e Ols tOMMIssw dedxn. Bj Y HEZ Is

Lixnx, tEdL dzeyj dzedj , 1§ st Oai0tsdz!j j dz® s Bapk 2 dzd
HWh b dindzBstdjtendzsMmisd dhmissydedc O Mo jlsO.

MitsB dzOfls! oMmjnrn by ¢ e jtorndtsmisd dMmists

stsfizB dZ2Oydw Heokmr MisMmMette kEZyYyy O tme jhj
sfmizh j Mlse dzw Is+ fmyw  f) MiE Evilgtiple InvportEngeSadpdlifigd Md3. tc Ol
[106]) . sttsdzdd B4 IsBBH @ CeBduO [Saips@i fif ditadoiC d § k2isj =
fsdmMCOr dMstsyddSse Mo jlsO®) MmMEkh jMmsekeig- Hic
ojhjddw: ftwdBOw bteOMMdses CO (tsls dMmis®ydzad
f 600 dzj dzdzOV s tc O fipfidf to tupChin@s d(ufgias Lin @ ZIsd M B J 0
ssysSd wodes MtsjHddgwe Ismw) . 1 dzdij  BSH teds-B dzts
tesoCd Eftsdwdlkls'r 7 &iBjssHise, O IsOCyjjtcdd taise
[106][18][62][10][9][37].

fdltsHT, fMdtse Odzdz" § dzO ,tc ded3 Isiag ddzd  dcfiiy dzls t
@Oydd M bkfsdvdkzls' g odh jHofifzeff O dy datizs?
fllsj?2, f§tojHmsCrEalssly [g s6@b8 sl sMdto Odzds-j d
ksdder & COtls, f(sLotdvsls Bdjj W%,jClsdo dts

slzh jMmlsolkzjls didasog Mislbdtbtf BasL W3Elz dzOf tc O oddzj dzd
o OdzdWw Mo Jj B wowg, IstP ISPz dzC ydv tsLreotsdzwjls L O
Mots2Mlso © e jterndesMmisd M §sdish 1 8  dzj i) Osdz! ¢
stsfis: d HBdW BGlstcOyY dzdzse 5/ ff 56 fizls ©y degzti® s d )
Nydddw, fteiHMmMlsOQoadwehd] ftesyd M Yy bises
COodz dzs? fshigpted fddsfipls g OL B Isdseyss sty Qipdzfrrpd] Viz@
9" ntsHWYIs gL Ee8Qd sBd&ZOMIsd otttk L JHEEOu)
HdW W ZzL dztojg) SlzcfisHegis@ Oy ¥ dedz” §| @ dzzyd Mo j SO 980-- tSH
ftcOo dzj dzd W . b dzOdzsedyder § Mots2Mmlso © Mmih j Ml
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mMojls. J1tdzjj] YBHtetsBd J BOLjttdOd s Hokd&kO
Bsclzls B Is! dzOI85][R0KL18le OB tSIsO~R

e\ \Y
\T

Cthe e |
==

tdmM31 1S sster § odH' WEdSyd?2 tlttOy jddw ddz
s, YWkttt ddzd ttOL B Itsj.

13. 1t HMIsOo dzj dzedJ MmyJ de

Il Ok Or dzOMmistsw h j 208 ts@p'ts Iy y | teld iy i) dgQ latstaks]j ols
Mo dzj dzgd j Ctlstster 7 wodw jlsfw § sdzd ¢ sdzOdz' dz' «
o fHOadwsh jd3 Btsdz hddelse ] f totsc tcOBRAASE S
5 Myijde | Bodsbd gl jf ik @Dz Odts v Y.
Bdetsy j Mlso © Istcj e tsdz! dgd € ts9, Off esC i dsd@ Lz s h
SOYHM2 bttjkzetsd dzgd¢ ftojHMsOodzjdz 8 odHj 3
fso jterndtsiisd. sOYHOW o jtehdd® MiHjteydls €
dgs ¥ destedzOdz' d Is jJdEOMsldzz tc dalzjs € fifistizticteleOf' € tstStoH d
MsH jteydls 2 ydfoz@, otsfHtefjOH jCvsvdzjsls detsydls j dz' dz
Ml jIsMisekze M j2 ojthddzj, © Hobkdijtedzts?2 Isj !
ZEBT 5. UvjCHMkztedy j SCtstHddOls azf gyq dstsp
N J dedz¥ B 'dZODC d&ZOH" 9 Oj d3r 7 dLtsBteOY jdad?2 dz@s §6-j tsd
MektedzO" CteHd OO o d B2 bsyS) bLtgLcts
v ydd IsjSCMlskztedsr 7 CtststeH ddzOls o 9o jtoh d dzOR st

I &0Isj tcd Odzjdzfius@rz@sylsffigy e j IS, 2 8 O SdEjS dzOH T
f 5o j tof dots MOR] M &d' LiLG iy d Odz s tedi g jislz! [ € OH
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Mots2Mlseo © ( tso j ton dzts isjdts ts AlSEDCASits MASB)S § BEfEEFQ ISt
NYdddw), HBAH lstOyY ddtscts, ftscdzgy ddasz: s
dz'j IsjSMmlskztcr EZCOL'™ 908 s Mmifj 4Rk tordziz ¢ igfforvdds O
o Ote! d to ted® dizff g dlzts IBID | @ AOOL dzd ydz' 7 EZYyOfls ¢ C
fesyd M toOmMuy SO ¢ .dt©EsQ de'ddaEx =Rt fj dsj e deef W
Hj IsjSbkzter JIMAJILY tots ¢ te O RBAR'

:"’t<h*"'/\ _mtxh
(TTTTIT] 1
¢ h e . 0
ot OTLEMITD Yo
oha=™" H’I"IITIYIIII‘
B i 0 B, I P
“h x o T'ge
e _m h e |t h | X °o|T|'Ef | _|o© Y
ret _m . o [OLITPIFIITITITITL]

t dm4l Bdzd e tsdzOdz! detsj ftoj HMls O dzj dzd

vs0OC Y MmMEkh jMmMsekels Hitkzed] Mftsmse’ LJOH O
otsdzd dzj 2 dz" ~ f Olsyj[28)]) ( dz@fslmizfidr fote f s Jor, 5B
[HAZOCt toOfmMmdslstej dzdj tIsdr odHtse ftoj HORls Oo
Mlstswh j2 tOBTSIsT .

] ©O0®RSOn &OmMkswh 3B t@gEElsOs df dzO0o B s &
cdlsds, ) fsdksh! ¢« Coktste’ i ftsdLosiylshkics
sZtBVH.l cd&Oej 6 fdmOd Odkdtstedlsd sdnco f
EOMYY SOF chseOd dsds Mo jhjddy, §sLBisdY
IsOls: ) BOMMdoe d &3d MyJj 2O, Mmisswh L d
MwisC e ¢dcOEOR IsdistE B,  dzd 2 .
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141 sMsteBl gAistew s h j2 flstekClsktsr

ltcddiddlsder, dL ChBiic] Gls Mistlsdzdls 8 H O dzdzat
BrIs! BtteOdzdL s590dzr 9o MfJjydodz des?2 EmCstew s
B stedyd MG OW BOLO HOdMZ n, fdHs @ dfj tsjshigjsyd
Bsy des BM dzts yj des?2 thkh jMisedzj dzgdv ftesn SH O
d3j dz' M dls! udfdzs IsjMistse §jtej mjuddadw dzlzy,
MstczCIlsktce® wWodzWw jIsw Btsdzj j SOy Mise j dedats? (
dzj 4 SekMsmMsesmis! sdmMcO (it Mmj ujdd?2 dzizyd

bzestedlsds fsmistesj ded v Isfif Gotg ta Yy ¢ DB  BlOts OU
fsdzdetsder , dL Csolsster n MtsMmissdIls Disdio jOdsls .0 Og h
5B sz Sddts o  d jltc OectS df'dh @ defg s 85 gfflsdflstets j dedw kM
Mistcz Cdgdztey j Mis o s fif tstdds] dsziEyIp tc ts M Is tc @ dsfiflslrn) j ,dds S G ¢
detsj] ddetsy jMlsoats ) sdsh ! 8 Hds?2 L d&Gdsce s
dzso " j f SH @Rdepyg'MIsCo@® Hisets dL detse '™ n  ff SH d3dzts
L jdz, wodzwe h 2 Mmwe kzthtglstisdzClaz dgzOH dfv QIS d d3 5B to
odzzlsted EMSC stew s | PlzdzB tc if Gisfytkindgd s Of totsH B dzy O
MdoflasC © COYHT2 BkLJjdz d BEHJjIs MBHJ Y Ols!
fsdzd e fstzgd OV dL o j fils dzOWB S t@Qc didiyfislsds dfpas detidsgPar § d
dzj dedwv 1 Ists 1 otcdMmisd ¢ O SAHKEBUreA[ed Helritstie [47§43])zts i) Is
lteddWisdj tjhjddvw s Istsddsf Offls adiiz yd t§ fiztfeOm gty
L &0 tsMhdztse Odzts dz00 W dzgsX yfiglsits fsdfs(isd f tetsm SH O

SAHCostN) = % @Couni(N, ) + Ss'f(agl\r)) {Couni(Ny) (1.3)

CHSAN) i § &zsh OH! ftojhdasiilsd &R o OBABENE N j
Haw R@ABEN)Y o dzv j sfjw B 5dzs S 524 @0 ro dnji o @t o
N); Coun(N) i y d Mmifittsdzd ¢ HiaesdO H dzj N; B ddeT § Sis sKS du OC Y |
W steikz®) dHebkls BT ls! dMitsd Lo Od7]. tOL dzd ydz

dbzetstedls i § shistetsj dzdv Byjdde0jls ©OL ddyd

dmf sd Lz difjss] Y S s . v e SEOJ EOd dsd o

HOdzj j ftetsgL otedglsitzy o@ese j &j L d&zso. [ g RO

dzdMstslse jIsMise 4 ls d3d dzdfigfOmsizf disoOmyls ! ts > fdte B SFHO  d
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BOdz! detsy L dzOyfldd.J oz JteOL HJ dzj ded VW 6 J 53,
ofjn oL @Sy d R S de o de@agd Msataize y tze y jsiglkp-sy d
fMlsokzsls twOL&JUdy j ojlstsHT bkdjd' hjddY fid
v, ot di3j dzdgOw ) czts ¥ dzts fflso O HOCOGEIBIR o affzidg Is
dzj 2R v OCdj BjlssH' dsckls d dzj o BwOls!
SYj syds? MiSsddtzglsstzd (b BdeOsls L O dgj-dg b
dzd v, B dafd dRdf{BO ' dzts sz L1daDuj eAfftad 21 . By J R Ef
3InsMdsodeyr 7 odHBe bEMCsiwshdn fikSlkis.

[JHdstctsHDOEA jj IsC3due 5L H OY Isfyw D4y dzt€ O HodRERNBDIC 8] ¢
f tetsMmis tc @ade.Hz0 OONfHTd2] & IglzOo dzw j Ismpw o wyj?26¢d MM
Jes (Md. wdm. 1.

ltejddslzf j Mise O

1.l sfylstets jdzf] jB 'Miflele s pHG s dzd yj Misots Istej ¢ tsdz

2.1 esMlsOw ey H kzac OV  jicxsC-@sH oIy gy fj toj

fMtHj ey O d B3d W (3Dfterlirplse) tad@ dfy d v dzlz Y O) .

B.ubbtesets z{ t5tcWhDHtstlous fipiidEsQidzfrpls 83  f j tod ud Mdzj oz

ot ote] BY jfeFdpUP dd W HddzW dzZzyo.

Wy
L\A /
t W5 [ HdzstetsP-ligPk C B

1LiHBMISOIEC

1.1 slstcjBdzjdedj BBz "t tBI YV BO f OBYIsd (
jMmMdzd Itej zetsdz dzgd C d tc Oy tdDifHig tin)lsdig O dzlpjlste Q ¢
Bsy dets slsdzj Misd d o6ntsdtshiss o Wi @i jOw i
hdrmw oHBd dOftcOo dzj dedw dzlzyOo
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StSd3d3] dzZls O dz? EZMistcOdzj dzdWw dzj HisMISOISE Of -9 5L
MCdro dztsy j dzdz" = HBHG IsesCHtcHaASO)f tcd 1 Issd3 L dzO U
ftecsyj HEtcO® ftesmaBHO d&Zizyo.

kd-tree. 3D-f tetsfls tc O dzfiy Is & 57 Wigts @ dad KO whisd o dzs HsOL B
hd s § dzs € sXgisdivesy = div, Z O divz( . B dMm.) Bt
mMd Chdn f dixfiQyifigddy) A si3sh ¢ ¢ @@ fsksdisEOIs v ¢
) s dzd c BdasH f esMistcOdhise j, o] Saaddsdzs
flstc Odzfs® @Ofpls] 2, MEH ] 6y GOEY j§ ©daddy tsdfro @z j

¥ 18)BAH-H | to j o [4M[48]d

ltej ddi3kzh j filse O

1.1 il §Jtoj SDe dssfipls 00 dam s 8 5 dztgiL§ @ B34l ts g o s o

2. vlsto s oW H sy jOidasg i lsds Ofzils o §  § j toj wd fdzj
9 HBUOY cOodi ity f s NC O f Jdelf Q@ yd dzd v

3.CUWW iCldsd@Euj drdj 1§ kfMistsc SAHY G e 1o t& Q dzf ko atsC
f N 8HO d&izyo.

e

VA

417

t d 6: kd-tree

1 JHEMIsOIS J:

1.1 siis tc SAMI O ® dzv § IsfmY  d3j H dzj:dzd@ 3] df jopiadzQ "
detsfls ! Odze sted IstsBP) dfdokOQ@EYagaN)Y @k § 5dgd-u
Mt sdzd e sdetseo My dz

2.1 8 &OYOEZO sy MMO §tsmistes]j dzd v teddiL 113 stets
BizEC O § O3V Isd ,H dats ffldakidigegaddezis .52 iz 6 s
NdIs dOmtsHdIs! MW o kdzjediscHIRR oCta]j ~d3 j dagdhids ¢ W -

3.1 4 tod o5 wWeordhytgBlsdriskcetrgedptstsiso j IsfigR o j 1§ 2 -j 2

Csflsd) .
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s s 3z dals Opkdtbeef toj  dszh jlsoa © 1 d 2 wo dgws Isf
desfdls Hiz'tedB®HD iR jMlsets 3 wodwjlkMmw fjdd
SHdstEHdE2 MjkSd. 1 JjHsMsOkSd 2 d Bj @jssddy
BVH.

BVH (bounding volume hierarchy).l sy MM {§ Mistdctsy) @] w
o 08 NHmtsdzsyd ¢ toj ¢ Iz tefndfstedftszd figfefttodzdtdas) lsién v i -dzd
¢cdd sBi jCIsT ftoj HMNIsOo dzj dedz" | tsB t5des yb-O0 &Jd
ftesmistcOdzmise § , tstc 6 OWzd Uz lisfipgw ¢ n @ iy ddsdcBd iy Iz t
l dzzIstc j dzdzBVH Wl idatr™ Is v 5~ o t©dsts det© AR ERdtdEkis-aligned
boundingbox i h | ffls tc © dadatft€ ) s dztdppjtstd = s ls 5 d3 S Read. d3d ds @ >p
By jls dZOASHII! v Istsdz' 5 9o BVEH dztf 5 k& dndfjdizazs
f sdz' L 5ol dadjffBAHS d MistczZC Iskztc O B & Gzsugpe@®dzddi-s o

sOCddz sBtOLtsd3, Yl ¢ 0O0¢ 6 pzGpissdylsB Q dzfiiplds:
sB d&zZOMIsj2, MHjte)y Ohdrn ftedddlsdoer

ltej ddBEO Mise

1.1t HMSCOLE] @3sy  Sists | ez ek  ORYEBHM §
[ dzv ‘Fftc@ukldadj/Bzj Isfmwy EtstcOLHIS d3j da' h j j ¢
YdJ @3 Hdzv Kilweedsg]. dzd v

2.1" Mistets§  tslsfj ud dzdj 4§ EMmMBABe toff & 4 fplstm @ daffpl
ftoesntsHO dBVHB.C o®d dOs Isiv tsls f z2Mssats
d2 &3d M Czh dd faEhBshisy Gt o Ol o O-" d -
Isd ¢ tcOdaded ¢ 59 )

t d fy7: BVH
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1LiHBMIsOIS d

1.1 tesyj My f SAHHeSY jase(@zv j Isfw 3] 1 tzj dzdzizezO W
dsfls!: Odze st d sERP] dfdsofAIBEsTiidgdny @i § saits
ftedddisdetses, dMftd! LB ~ o fesyj M
214 Mbtescts kY sDefvietshilg efizshi]ls oo 3§ § tog jutd nazd
O HBHOY tOod I Yo 5 o tcj BY ,5dH).D.0 dadets g3 i :
Hsf EMCPF s P tejlygdive B tzoAxER\HO d3d

3.1 tetsBdzj d3F M Hdzd dedz" d3d d Is s AABH B dzis B gzlz G
hdj Bl Y& fEMstset { totsfls kaxhsald. o dzkzls

S s3] dals Ot thQ tstew ¥ h  kd-thgddtBYH s je Is BN P2 dg
sts¢ 1. 1 JHBMIsOIsSBYH Bt 5w o4dzwHsdiskilitree | didzjHpid®i Is Ols ts
Is. €. Hdzdddz" | d IktsdCdj btoj ke tsdz dzd Kdftreests ¢ Iz I

l Tt EMCstow skhigi R MBwkflso ] BOLBOB2 EMC
Hdzv dBdesc dr  ff tos 6 tedd3dede’ GH | i o EEE$L2Z] o f 16 © 8 © 5| ¢
e Odzd Mmisd ydzts?2 odL z2O0OdzdL OyBEMH, y@BWHEdEdp S I8 dac@X (
ftod Jdiszh jMisea © (sMmisB ff)ldaldsds o Oy dzv fiBIsfipe e HME
fOBYkdz). dzj HisMIs OIBYHD9 3tc i3St ro OdzOMiIstswh j 2 0O
I WWiSlsdodesy tejh jdedi ( fd3. CGkzOa z 4) . [ dzw
(dzgj HEMIsOILEE 1) 9 ©OMREOr dzOMiIstsw idg J 63 astis
(6zOb) , 2 tsLotsdws M dj HdY HJOBIdUIMEdH- iy,
otseo o CHzsysfmMBY fomistetsjdzdw Hijtj OO (gezOo
mMédr Myjd MlstckzCkztek ttOdzj ] §tshistesj dzdetsc ts
o yd mdzy p J dzgts bzdzts i It t66tdO Wdtousiy 4 MMtstc©® (6 dzOo '

] ©O®RS 0% &OMmlsswh j2 ©Oesls' KOSy ddHf sd
fODMjsCqd Hd&v" GtcOddL Oydd §OwOddj d dii {
fMd wd ded2 ddzydy 2 d Mmyd dz@ dz2O0 c @by Jls Mezp i BE
fsdzdztsfls: ¥ odzgklsted WdLdyujMSs?2 §OkYIsd §tetsy,

JtjHT HEN d) Odze stedlsdz y it fighy teis jj digf "5 dztsCe-t5 W H

s E&PUJGPUs OCOHj BdUj MS s Mstseh jMlsej b4 dd
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void adapt_tree(node N)

it (is_leaf(N))

BV(N) = Union(BV(all leaf polygons))

}

else

{
adapt_tree(N.NL)

adapt_tree(N.NR);
BV(N) = Union(BV(N.NL), BV(N.NR));
Detect_migrated_or_exploded_node(N);

}
}
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