
Rendering Tons of Sand
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1 Introduction

ey Spider-Man 3fi zyp zq Rsp ItwwltyF tF Rsp ilyoxlyfi l nslElnRpE
nzxCzFpo zq Flyo- izyA ftnRHEpF TxlrpUzEvF yppopo Rz EpyopE
ilyoxly mzRs lF l Fzwto qzEx lyo lF ,zUtyr Flyo rEltyFfi Ustns
ty Fzxp FnpypF nzyFtFRpo zq sHyoEpoF zq xtwwtzyF zq rEltyFfi lyo ty
Fzxp FnpypF Rsp rEltyF UpEp nwzFp pyzHrs Rz Rsp nlxpEl Rz Fpp ”yp
opRltw- jstF FvpRns opFnEtmpF zHE RzzwF lyo UzEv,zU qzE EpyopEtyr
Fz xlyA rEltyF UtRs hpyopEcly lyo nzyREzwwtyr Rsp wpIpw zq opRltw
qzE l nzyFtFRpyR wzzv-

2 Rendering

2.1 Grains on Polygons

Ty xlyA zq Rsp FszRF ilyoxly UlF l Fzwto zmupnRfi lytxlRpo lF l op8
qzExtyr CzwArzylw xzopw- jz FlIp Rtxp lyo xpxzEA qzE FtxHwlRtyr
ClERtnwpFfi zHE Oie nzHwo Eplo ”wpF zq CzwArzyF UtRs FpRRtyrF tyot8
nlRtyr ClERtnwp opyFtRA lyo FtMp lyo UzHwo rpypElRp Rsp ClERtnwpF lR
EpyopE Rtxpfi UtRs l nzyFtFRpyR xpRszo zq mtERstyr ClERtnwpF zy CzwA8
rzyF RslR rHlElyRppo Rsp ClERtnwpF UzHwo yzR CzC zy lyo zqq qEzx
qElxp Rz qElxp lF Rsp xzopw opqzExpo-

2.2 Buckets of Sand

jz wzlo Rsp xtwwtzyF zq Flyo rEltyF UtRs RsptE Fslotyr ClElxpRpEF
tyRz xpxzEA UzHwo HFp xzEp xpxzEA Rsly zHE nzxCHRpEF slIpfi
Fz Up txCwpxpyRpo l otntyr Fnspxp ty zHE CEznpoHElw Oie Rz Rlvp
loIlyRlrp zq hpyopEcly1F opwlApo pIlwHlRtzy zq CEznpoHElw mzHyo8
tyr mzapF- eHE Oie UzHwo Eplo Rsp Fppo ClERtnwpF zE Rsp CzwArzylw
xzopwfi Ustns UzHwo slIp lRREtmHRpF zE rwzmlw FpRRtyrF Rz tyotnlRp
szU xlyA ”ylw EpyopElmwp ClERtnwpF RspA UzHwo CEzoHnp- jsp Oie
Rspy lolCRtIpwA otnpo Rsp Fnpyp1F mzHyotyr mza tyRz FxlwwpE mzapFfi
FHmotItotyr Rsp mzapF HyRtw RspA UpEp mpwzU l RsEpFszwo zq ClERt8
nwpF RslR nzHwo mp wzlopo FtxHwRlypzHFwA- itynp hpyopEcly zywA
wzloF CEznpoHElwF lF yppopo qzE l rtIpy mHnvpR zq CtapwF lyo tR CEz8
npFFpF mHnvpRF qEzx wpqR Rz EtrsRfi Up nzxCHRpo Rsp mzHyotyr mzapF
ty FnEppy FClnp lyo otnpo Rsp mzHyotyr mzapF tyRz szEtMzyRlw FREtCF
HyRtw RspA UpEp Rsp FtMp zq l mHnvpR- jstF lwwzUpo Rsp EpyopEpE Rz
otFnlEo ClERtnwpF tR slo ”ytFspo UtRsfi wplItyr xpxzEA qzE Rsp nHE8
EpyR mHnvpR1F ClERtnwpF-

2.3 Render-time Geometry Shaders

gzE oAylxtnF8oEtIpy rEltyFfi Up yppopo Rz FtxHwlRp l xlylrplmwp
yHxmpE zq ClERtnwpF lyo Rspy mzzFR Rsp yHxmpE zq ClERtnwpF lR Epy8
opE Rtxp- bp lnnzxCwtFspo RstF RsEzHrs l nzxmtylRtzy zq FRpCF-
bp txCwpxpyRpo l d8wtvp Fslotyr wlyrHlrp RslR wtrsRpEF lyo FslopE
UEtRpEF nzHwo HFp Rz nzyREzw ClERtnwp lRREtmHRpF lR EpyopE Rtxpfi lwwzU8
tyr Rspx Rz mtERs ypU ClERtnwpF qEzx Rsp FtxHwlRpo Fppo ClERtnwpF
lyo IlEA Rsp ypU ClERtnwpF1 FtMp lyo zRspE CEzCpERtpF- SlItyr ly
pxmpoopo FnEtCRtyr wlyrHlrp lwFz lwwzUpo Rsp wtrsRpEF lyo pqqpnRF
lERtFRF Rz nEplRp RsptE zUy xpRszoF zq mtERstyr ypU ClERtnwpFfi lwwzU8
tyr Rspx Rz mtERs otFvF zq ClERtnwpF lyo pIpy Rz mtERs nHEIpo otFvF zq
rEltyF RslR nzyqzExpo Rz Rsp HyopEwAtyr CzwArzylw xpFs mA tyspE8
tRtyr Rsp FHEqlnp1F nHEIlRHEp lF l CpE8CztyR lRREtmHRp- bp lwFz UEzRp
l CEpCEznpFFtyr FnEtCR Rz lylwAMp Rsp ClERtnwpF ty l FtxHwlRtzy lyo
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gtrHEp 0. n�dzwHxmtl ftnRHEpF TyoHFREtpFfi Tyn- �ww EtrsRF EpFpEIpo-

opRpExtyp Rsp xtytxHx yHxmpE zq yptrsmzEF plns ClERtnwp slF zIpE
Rsp nzHEFp zq Rsp FszRfi Ustns UlF HFpo Rz opRpExtyp szU xlyA ypU
ClERtnwpF UzHwo mp mtERspo qEzx plns Fppo- jstF rHlElyRppo RslR
zHRwAtyr ClERtnwpF UzHwo yzR mp FHEEzHyopo mA nwHxCF zq EtrtowA
lRRlnspo ClERtnwpF-

2.4 Level of Detail

itynp Fzxp FszRF UpEp nwzFp8HC FszRF zq Flyofi Up yppopo nzyREzw
qzE wpIpw zq opRltwfi Fz yplE rEltyF UzHwo EpyopE UtRs nzxCwpafi xzo8
pwpo rpzxpREA Ustwp otFRlyR rEltyF UzHwo EpyopE UtRs FtxCwpEfi wpFF
xpxzEA8tyRpyFtIp CztyRF- gzE rEplRpE nzyREzwfi Up txCwpxpyRpo zHE
zUy wpIpw8zq8opRltw Fnspxp ty Rsp Oie ElRspE Rsly HFp Rsp Epy8
opEpE1F mHtwR8ty FAFRpx- Plns rElty UlF lFFtrypo l wpIpw zq opRltw
mlFpo zy tRF FtMp ty FnEppy FClnpfi UtRs HFpE8FpRRlmwp RsEpFszwoF qzE
Rsp otqqpEpyR rElty RACpF- jsp ”EFR wpIpw qzE Rsp FxlwwpFR rEltyF nzy8
FtFRF zq htfztyRF- jsp Fpnzyo wpIpw qzE wlErpE rEltyF nzyFtFRF zq
4xHwRt8CztyRF4fi nwHFRpEF zq qzHE htfztyRF qzE plns EpyopEpo rEltyfi
UtRs ElyozxtMpo yzExlwF Rz FtxHwlRp qzHE Fslotyr FlxCwpF- jsp
RstEo wpIpw nzyFtFRF zq htdHEIpF EpyopEpo lF nlxpEl8lwtrypo FDHlEp
ClRnspFfi Rspy otFCwlnpo ty l FslopE tyRz Rsp FslCp zq rElty rpzxp8
REA- jsp qzHERs lyo strspFR wpIpw FtxCwA FRlxCpo l Etm lEnstIp zq Rsp
CzwArzylw Flyo rElty xzopw- jstF strspFR wpIpw UlF zywA HFpo qzE
paREpxp nwzFp8HCFfi lyo xzFR rEltyF UpEp qlE pyzHrs qEzx nlxpEl
RslR l nzxmtylRtzy zq CztyRF lyo xHwRt8CztyRF UlF FHq”ntpyR-

2.5 Tiling

�yzRspE RpnsytDHp Rz tynEplFp ClERtnwp RsEzHrsCHR UlF Rz Rtwp Rsp
EpyopE tyRz IpERtnlw FREtCF Fz RslR Rsp EpyopEF UzHwo FRtww Rlvp loIly8
Rlrp zq Rsp szEtMzyRlw FREtCF zq FnEppy8FClnp otntyr slyowpo mA zHE
Oiefi mHR lwFz FCwtR Rsp xpxzEA wzlo zq Rsp EzUF zq mHnvpRF- jsp
RtwpF nzHwo plFtwA mp xpErpo RzrpRspE ty FnEppy FClnpfi lwwzUtyr HF Rz
EpyopE sHyoEpoF zq xtwwtzyF zq ClERtnwpF lnEzFF xHwRtCwp dfkF UtRs
xtytxlw mzzvvppCtyr-

3 Results

kFtyr Rsp nzxmtylRtzy zq RpnsytDHpF lmzIpfi Up UpEp lmwp Rz EpyopE
l Cplv EpnzEopo nzHyR zq Wfl: xtwwtzy ClERtnwpF ty l Ftyrwp ”ylw qElxp
ty zyp zq Rsp FszRF- gtrHEpF l lyo m FszU palxCwp txlrpF qEzx
Spider-Man 3-


