
ơ?1+ŎŌŎŒ

y×ÍæÿéÍÀùƒ ĒĝéĖĝƒrĠþþéĝ

y×ÍæƦ ĒĝéĖĝĖƕąĒáPąéÿƒąĠĒƒrùÀÍ÷ƚ



ơ?1+ŎŌŎŒ

[ąĝƒĠĖ×ƒàùÀĖæ

ZĠĝ×ƒıąĠĒƒďæąÿ×

*×ƒ÷éÿÓƒÀÿÓƒÍąĠĒĝ×ąĠĖƒĝąƒąĠĒƒĖď×À÷×ĒĖ

kù×ÀĖ×ƒn×þ×þÌ×ĒƒĝąƗ



ơ?1+ŎŌŎŒ

Da¨ƒ¨5ƒ1n ¨ƒ ƒŏ1ƒ
rknGy5ƒ¨anU1Ɨ
yæ×ƒrĝıùéĶ×Óƒ Ēĝƒąàƒ[×Ī×ĒƵĖƒ5ÿÓ

nıÀÿƒPĠÍ÷×ĝĝ

1éĒ×ÍĝąĒƖƒDıď×ĒĖ×Íĝ



ơ?1+ŎŌŎŒ

Å nıÀÿƒPĠÍ÷×ĝĝ

*a|yƒZ5

Å ?Àþ×ƒ1éĒ×ÍĝąĒƒÀĝƒDıď×ĒĖ×Íĝ

Å aĪ×ĒƒŎŌƒı×ÀĒĖƒéÿƒáÀþ×Ė

ĒıÀÿóĠÍ÷×ĝĝƼæıď×ĒĖ×ÍĝƕÍąþ

mailto:ryanjuckett@hypersect.com




ơ?1+ŎŌŎŒ

Åŏ1ƒĝĠĒÿƦÌÀĖ×ÓƒĝÀÍĝéÍÀùƒnk?

ÅDÀÿÓƦÓĒÀīÿƒŎ1ƒĖďĒéĝ×ƒùąą÷

ÅDéáæùıƒÓıÿÀþéÍƒīąĒùÓ

[×Ī×ĒƵĖƒ5ÿÓ

*a|yƒyD5ƒ? Z5



ơ?1+ŎŌŎŒ

¨D®Ɯ
ÅrĝÀÿÓƒąĠĝƒąàƒĝæ×ƒÍąþď×ĝéĝéąÿ

Å+Ē×Àĝ×ƒÀƒĪéĖĠÀùƒĖĝıù×ƒÿąĝƒąĝæ×ĒīéĖ×ƒ
ďąĖĖéÌù×

ÅnéÍæùıƒÀÿéþÀĝ×ÓƒĖďĒéĝ×ĖƒīéĝæƒÍĠĖĝąþéĶÀÌù×ƒ
á×ÀĒ

Å>ĠùùƒĖæÀÓąīƒÀÿÓƒùéáæĝéÿáƒĖĠďďąĒĝ



ơ?1+ŎŌŎŒ

15§5UakZ5[y
Åœƕőƒ®×ÀĒĖ
Å>éĒĖĝƒőƒĖąùąƒǐƒďÀĒĝƦĝéþ×ƒÍąÿĝĒÀÍĝąĒĖ
Å[ąīƒŐƒàĠùùƒĝéþ×ƒÀÿÓƒŐƒďÀĒĝƒĝéþ×

Å+ĠĖĝąþƒ5ÿáéÿ×ƒƢƒ5ÓéĝąĒ

ÅyąąùĖƗƒZÀıÀƖƒ*ù×ÿÓ×ĒƒÀÿÓƒkæąĝąĖæąď



ơ?1+ŎŌŎŒ

k ryƒ¨anS
Å >ąĠÿÓÀĝéąÿƒÌĠéùÓĖƒąÿƒĝąďƒąàƒĝæ×ƒīąĒ÷ƒąàƒ

ĒÍrıĖĝ×þ¨ąĒ÷ĖƒàąĒƒ?Ġéùĝı?×ÀĒƒ­ĒÓƕ

Å r××ƒŎŌōőƒĝÀù÷Ɨƒ
?Ġéùĝı?×ÀĒ­ĒÓƻĖƒĒĝƒrĝıù×ƒƗƒyæ×ƒ­ƒ>ÀÍĝąĒƒ
*×ĝī××ÿƒŎ1ƒÀÿÓƒŏ1



ơ?1+ŎŌŎŒ

ÅUéÿ×īąĒ÷

ÅræÀÓéÿá

Åkéİ×ùƒrÿÀďďéÿá

ÅrďĒéĝ×ƒrąĒĝéÿá

Å ÿéþÀĝéąÿ

Da¨ƒ¨5ƒ1G1ƒGy



ơ?1+ŎŌŎŒ

Da¨ƒ¨5ƒ1G1ƒGy

DéáæƒĒ×ĖąùĠĝéąÿƖƒĖþąąĝæƒĖæÀÓ×ÓƖƒď×ĒĖď×ÍĝéĪ×ƒĒ×ÿÓ×Ēƕ



ơ?1+ŎŌŎŒ

UG[5¨anS



ơ?1+ŎŌŎŒ

UG[5¨anSƗƒa§5n§G5¨
Å n×ÿÓ×Ē×ÓƒÀĖƒďąĖĝƒďĒąÍ×ĖĖƕ

Å +ù×ÀÿƒĖéÿáù×ƒďéİ×ùƒīéÓĝæƒĒ×ÀÓĖƒæÀÿÓƒÓĒÀīÿƕ

a>> a[



*ÀĖ×ƒ+ąùąĒ



*ÀĖ×ƒUéÿ×īąĒ÷



yĒÀÿĖùĠÍ×ÿĝƒaĪ×ĒùÀıĖ



r×ù×Íĝéąÿ



y×ĒĒÀéÿƒ¨Àĝ×Ē



y×ĒĒÀéÿƒ¨Àĝ×Ēƒ
Uéÿ×īąĒ÷



ơ?1+ŎŌŎŒ

UG[5¨anSƗƒa|yUG[5r

Å |Ė×ÓƒĝąƒĖ×ďÀĒÀĝ×ƒ×ù×þ×ÿĝĖƒéÿƒĝæ×ƒĖÍ×ÿ×ƕ

Å yæĒ××ƒĖ×ďÀĒÀĝ×ƒąĠĝùéÿ×ƒĝıď×Ė

1×ďĝæƒaĠĝùéÿ×ĖaÌó×ÍĝƒaĠĝùéÿ×Ė ZÀĝ×ĒéÀùƒaĠĝùéÿ×Ė



ơ?1+ŎŌŎŒ

UG[5¨anSƗƒa*P5+yƒa|yUG[5r

rď×Íéàé×Óƒď×Ēƒ×ÿĝéĝıƗ

Å ræÀĒ×ƒďÀĒ×ÿĝƵĖƒaÌó×ÍĝƒG1

Å ?×ÿ×ĒÀĝ×ƒąĠĝùéÿ×ƒÀĒąĠÿÓƒþıƒaÌó×ÍĝƒG1

aÌó×ÍĝƒG1ƒƪōŒƒÌéĝĖƫ 5ÿÀÌù×ÓƒZÀĖ÷



ơ?1+ŎŌŎŒ

UG[5¨anSƗƒ15kyDƒa|yUG[5r
Å ZÀĝ×ĒéÀùƒÓ×ÍéÓ×ĖƒéàƒéĝƒÍÀÿƒá×ÿ×ĒÀĝ×ƒÓ×ďĝæƦÌÀĖ×Óƒ
ąĠĝùéÿ×Ėƕ

Å ZÀĝ×ĒéÀùĖƒĖď×ÍéàıƒÀƒÌÀĖ×ùéÿ×ƒÓ×ďĝæƒĝæĒ×ĖæąùÓƕ

Å [ąĒþÀùĖƒÀÓóĠĖĝƒÓ×ďĝæƒĝæĒ×ĖæąùÓƒÀĝƒĖĝ××ďƒÀÿáù×Ėƕ

1×ďĝæƒaĠĝùéÿ×ƒZÀĖ÷1×ďĝæƒyæĒ×ĖæąùÓDÀĒÓƒ[ąĒþÀùĖ1×ďĝæ



ơ?1+ŎŌŎŒ

UG[5¨anSƗƒZ y5nG Uƒa|yUG[5r

Å ZÀĝ×ĒéÀùƒG1ƒþÀĒ÷ĖƒĖ×ÍĝéąÿĖƒĝąƒąĠĝùéÿ×ƕ

Å ZÀĖ÷ƒÓéĖÀÌù×ĖƒąĠĝùéÿ×ƒá×ÿ×ĒÀĝéąÿƕ

Å kÀĒÀþ×ĝ×ĒĖƒĖ×ĝƒÌıƒþÀĝ×ĒéÀùƒďĒąď×ĒĝıƒąĒƒĝ×İĝĠĒ×ƒÓÀĝÀƕ

ZÀĝ×ĒéÀùƒaĠĝùéÿ×ƒZÀĖ÷ZÀĝ×ĒéÀùƒG1



ơ?1+ŎŌŎŒ

UG[5¨anSƗƒa|yUG[5ƒknGanGy®
Å [××ÓƒĝąƒÍæąąĖ×ƒīæéÍæƒĖéÓ×ƒąàƒÀƒÌąĠÿÓÀĒıƒá×ĝĖƒĝæ×ƒąĠĝùéÿ×ƕ

Å ZÀ÷×Ėƒąÿ×ƒĖéÓ×ƒĪéĖĠÀùùıƒùÀĒá×ĒƒÀÿÓƒÀďď×ÀĒƒéÿƒàĒąÿĝƕ

aďĝéąÿƒ aďĝéąÿƒ*[ąƒaĠĝùéÿ×



ơ?1+ŎŌŎŒ

UG[5¨anSƗƒa|yUG[5ƒknGanGy®
kĒéƒōƗƒaÌó×Íĝ

Å aÌó×ÍĝƒG1ĖƒÀĒ×ƒÓ×ďĝæƒĖąĒĝ×ÓƕƒaĠĝùéÿ×ƒÿ×ÀĒ×ĖĝƒąÌó×Íĝƕ

kĒéƒŎƗƒ1×ďĝæ

Å aĠĝùéÿ×ƒÿ×ÀĒ×Ėĝƒďéİ×ù

kĒéƒŏƗƒZÀĝ×ĒéÀù

Å aĠĝùéÿ×ƒÿ×ÀĒ×Ėĝƒďéİ×ùƒéàƒáĒ×Àĝ×ĒƒĝæÀÿƒÓ×ďĝæƒĝæĒ×ĖæąùÓƒƪąÿùıƒ
ÿ××Ó×Óƒéàƒ1×ďĝæƒąĠĝùéÿ×ĖƒÀĒ×ƒÓéĖÀÌù×Óƫ

Å aĠĝùéÿ×ƒùąī×ĖĝƒZÀĝ×ĒéÀùƒG1ƒąĝæ×ĒīéĖ×



ơ?1+ŎŌŎŒ

UG[5¨anSƗƒa|yUG[5ƒ+aUanr
kąĝ×ÿĝéÀùƒąĠĝùéÿ×ƒÍąùąĒĖƒĒ×ÿÓ×Ē×ÓƒĝąƒĖ×ÍąÿÓÀĒıƒÍąùąĒƒ
ÌĠàà×Ēƕ

Å 1×àÀĠùĝĖƒĝąƒÓéààĠĖ×ƒùéáæĝéÿáƒĒ×ĖĠùĝƒīéĝæƒď×ĒƦþÀĝ×ĒéÀùƒĝéÿĝƕ

Å aďĝéąÿÀùƒĖ×ďÀĒÀĝ×ƒÍąùąĒƒĝ×İĝĠĒ×ƒàąĒƒąĠĝùéÿ×ƒÍąùąĒƒ
ÍÀùÍĠùÀĝéąÿ

Å aďĝéąÿÀùƒÌù×ÿÓƒĝąīÀĒÓĖƒÀƒÍąÿĖĝÀÿĝƒàùÀĝƒÍąùąĒ



ơ?1+ŎŌŎŒ

UG[5¨anSƗƒa|yUG[5ƒ5­yn|rGa[
Å 5İĝĒĠÓ×ƒÓ×ďĝæƒÌĠàà×ĒƒÀÿÓƒÀùùƒ
áÌĠàà×ĒĖƒàąĒƒàĠĝĠĒ×ƒĒ×ÿÓ×ĒƒďÀĖĖ×Ėƕ

Å 1×ďĝæƒ×İĝ×ÿĖéąÿƒÿ××ÓĖƒĝąƒàąùùąīƒ
á×ąþ×ĝĒıƒďùÀÿ×ƒąàƒďéİ×ùƒÌ×éÿáƒ
ąĠĝùéÿ×Óƕ

rĝÀĒĝéÿáƒ
1×ďĝæ

[ÀíĪ×ƒ+ąďıƒ
5İĝĒĠĖéąÿ

rþąąĝæƒkùÀÿ×ƒ
5İĝĒĠĖéąÿƒ

rĝÀĒĝéÿáƒ1×ďĝæ5İĝĒĠÓ×Óƒ1×ďĝæ



ơ?1+ŎŌŎŒ

UG[5¨anSƗƒG[y5nGanƒa|yUG[5r
Å ¨æ×ÿƒaÌó×ÍĝƒG1ƒþÀĝÍæ×ĖƖƒÌĠĝƒZÀĝ×ĒéÀùƒG1ƒÓą×ĖÿƵĝƖƒ
þÀĝ×ĒéÀùĖƒÍÀÿƒÌù×ÿÓƒÀĝƒďÀĒĝéÀùƒąďÀÍéĝıƕ

Å aÌó×Íĝƒr×ÍĝéąÿƒG1ĖƒÍÀÿƒàĠĒĝæ×ĒƒÓéĪéÓ×ƒÀƒàĠùùƒąÌó×Íĝƒ
éÿĝąƒĖ×ÍĝéąÿĖƒąàƒąďÀđĠ×ƒąĠĝùéÿ×Ėƕ

Gÿĝ×ĒéąĒƒ*ù×ÿÓƒ¨×éáæĝaÌó×Íĝƒr×ÍĝéąÿƒG1aÌó×ÍĝƒG1 ZÀĝ×ĒéÀùƒG1



ơ?1+ŎŌŎŒ

UG[5¨anSƗƒG[UG[5r
Å 1×ĝ×ÍĝƒĒéÓá×ĖƒĠĖéÿáƒùéáæĝéÿáƒÿąĒþÀùĖƒÀÿÓƒ
Ó×ďĝæƕ

Å ZÀĝ×ĒéÀùĖƒĒ×ÿÓ×ĒƒÀÿƒÀÿáù×ƒĝæĒ×ĖæąùÓƒÀÿÓƒ
ÌĒéáæĝÿ×ĖĖƒàÀÍĝąĒƕ

Å +æąąĖ×ƒĝæ×ƒÌĒéáæĝ×ĒƒĖéÓ×ƒƪþąĒ×ƒéÿƒ
ÓéĒ×ÍĝéąÿƒąàƒďĒéþÀĒıƒùéáæĝƫƕ

ÿáù×ƒyæĒ×ĖæąùÓ*Ēéáæĝÿ×ĖĖrþąąĝæƒ[ąĒþÀùĖ1×ďĝæ



ơ?1+ŎŌŎŒ

UG[5¨anSƗƒr5U5+yGa[ƒa|yUG[5r
År×ÍąÿÓƒùÀı×ĒƒąàƒąĠĝùéÿ×ƒÌÀĖ×Óƒąÿƒr×ù×Íĝéąÿƒ+Àĝ×áąĒıƒÌĠàà×Ēƕ

ÅGÿďĠĝƒéĖƒ×İĝĒĠÓ×ÓƒÓÀĝÀƒàĒąþƒàéĒĖĝƒąĠĝùéÿ×ƒďÀĖĖƕ

År×ù×Íĝéąÿƒ+Àĝ×áąĒıƒùąą÷ĖƒĠďƒéÿĝąƒÀƒĝÀÌù×ƒąàƒÍąùąĒĖƒƪÀÍĝéĪ×ƒ
ÍæÀĒÀÍĝ×ĒƖƒ a5ƒÓÀþÀá×Ɩƒ×ĝÍƫ

ÅaÌó×ÍĝƒG1ƒĖ×ďÀĒÀĝ×ĖƒþĠùĝéďù×ƒĖ×ù×ÍĝéąÿĖƒéÿƒĖÀþ×ƒÍÀĝ×áąĒıƕ

aÌó×ÍĝƒG1 r×ù×Íĝéąÿƒ+Àĝ×áąĒı



ơ?1+ŎŌŎŒ

UG[5¨anSƗƒyDG+SƒUG[5r
Å ÿıĝæéÿáƒĝæÀĝƒÿ××ÓĖƒĝąƒÌ×ƒþąĒ×ƒĝæÀÿƒąÿ×ƒďéİ×ùƒéĖƒ
Ē×ÿÓ×Ē×Óƒīéĝæƒĝæ×ƒĖÍ×ÿ×ƕƒ

Å +ÀĒĪ×Óƒá×ąþ×ĝĒıƒīéĝæƒÀƒĖ×ďÀĒÀĝ×ƒÍąùąĒĖƕ

Å [×ÀĒ×ĖĝƦÿ×éáæÌąĒƒĖÀþďù×Óƒĝ×İĝĠĒ×Ėƕ



ơ?1+ŎŌŎŒ

UG[5¨anSƗƒyDG+SƒUG[5r
Å ¨æ×ÿƒùéÿ×īąĒ÷ƒéĖƒæéáæùıƒÓ×ĝÀéù×ÓƒąĒƒ
ÀÿéþÀĝ×ÓƖƒéĝƒþÀıƒÿ××ÓƒÀƒĖąàĝ×ĒƒďÀéÿĝ×Óƒùąą÷ƕ

Å GĝƒþĠĖĝƒĒ×þÀéÿƒĖæÀĒďƖƒÌĠĝƒùąą÷ƒùé÷×ƒĝæ×Ē×ƒéĖƒ
Ėąþ×ƒďÀéÿĝ×ÓƒÀÿĝéƦÀùéÀĖéÿáƕƒ



ơ?1+ŎŌŎŒ

UG[5¨anSƗƒyDG+SƒUG[5r
Å+ÀĒĪ×Óƒá×ąþ×ĝĒıƒÀĒąĠÿÓƒ|§ƒùéÿ×ƒīéĝæƒÌéùéÿ×ÀĒƒ
ĖÀþďùéÿáƕ

Å|§ĖƒÀĒ×ƒÀİéĖƦÀùéáÿ×ÓƒàąĒƒéþďĒąĪ×Óƒĝ×İĝĠĒ×ƒ
ĖÀþďùéÿáƒĒ×ĖĠùĝĖƒƪĖ××ƒ?Ġéùĝı?×ÀĒƒ­ĒÓƫƕ



ơ?1+ŎŌŎŒ

rD 1G[?



ơ?1+ŎŌŎŒ

rD 1G[?Ɨƒyaa[ƒn Zk
yæĒ××ƒĖĝĒéďĖƒąàƒéÿàąĒþÀĝéąÿƕ

Å n?* ƒ1éààĠĖ×ƒnÀþď
Å ùďæÀƒÍąÿĝĒąùĖƒƲræÀÓ×ƒ*ù×ÿÓƳ

Å n?*ƒrď×ÍĠùÀĒƒnÀþď

Ån?*ƒ þÌé×ÿĝƒaÍÍùĠĖéąÿƒnÀþď

+ąùąĒ

ùďæÀ



ơ?1+ŎŌŎŒ

rD 1G[?Ɨƒyaa[ƒn Zk

*
+

1
5



ơ?1+ŎŌŎŒ

rD 1G[?ƗƒUG?Dyƒra|n+5r

Å 5ĪÀùĠÀĝ×ƒĝąąÿƒĒÀþďƒď×ĒƒùéáæĝƒÀÿÓƒÀÓÓ

Å 1éĖĝÀÿÍ×ƒÀĝĝ×ÿĠÀĝéąÿƒĖÍÀù×ĖƒĝąąÿƒĒÀþďƒ|§ƒ
ĝąīÀĒÓĖƒÓÀĒ÷ƒĖéÓ×

Å kąéÿĝƒùéáæĝƒĖæÀď×
Å >ÀùùąààƒÀÿéþÀĝ×ÓƒÌıƒÿąéĖ×ƕ
Å [ąÿƦĠÿéàąĒþƒĖÍÀù×



ơ?1+ŎŌŎŒ

rD 1G[?ƗƒrD 15ƒ Z*G5[yƒUG?Dy

Å yéþ×ƒąàƒÓÀıƒĖď×Íéàé×ĖƒĖ×ďÀĒÀĝ×ƒ
ÀþÌé×ÿĝƒùéáæĝƒÍąùąĒƒàąĒƒĖæÀÓ×ƕ

Å ùďæÀƒÍæÀÿÿ×ùƒąàƒàéĒĖĝƒĒąīƒÌù×ÿÓĖƒĝąƒ
ƲĖæÀÓ×Ƴƒùéáæĝéÿáƕ

Å +ÀĖĝƒĖæÀÓąīĖƒÀùīÀıĖƒÍąÿĖéÓ×Ē×Óƒéÿƒ
àĠùùƒĖæÀÓ×ƕ



ơ?1+ŎŌŎŒ

rD 1G[?ƗƒrD 15ƒZ y5nG U
+ÀÿƒÀùĖąƒÌù×ÿÓƒþÀĝ×ĒéÀùƒĖ×ĝĝéÿáĖƒéÿƒĖæÀÓ×ƕ

Å r×ďÀĒÀĝ×ƒÀùÌ×Óąƒĝ×İĝĠĒ×

Å r×ďÀĒÀĝ×ƒÀþÌé×ÿĝƒĝéÿĝ

Å r×ďÀĒÀĝ×ƒąĠĝùéÿ×ƒÍąùąĒĖ

OnOff

Direct Albedo Shade Albedo



ơ?1+ŎŌŎŒ

rD 1G[?Ɨƒyaa[ƒn Zkƒ*G r
Å |Ė×ƒĪ×Ēĝ×İƒÍąùąĒƒĝąƒÌéÀĖƒĝæ×ƒùéáæĝéÿáƒ×đĠÀĝéąÿƒ
ďÀĖĖ×ÓƒéÿĝąƒĝąąÿƒĒÀþďƒùąą÷ĠďĖƕ

Å +ÀÿƒàąĒÍ×ƒďÀĒĝĖƒąàƒþąÓ×ùƒéÿĝąƒĖæÀÓąīƕ

Crevices always in shadow

OnOff



ơ?1+ŎŌŎŒ

rD 1G[?Ɨƒ[anZ Uƒ51GyG[?
Å +ąÿĝĒąùĖƒĝæ×ƒĖæÀÓąīƒùéÿ×ƕƒ

Å +ÀÿƒƲàùÀĝĝ×ÿƲƒÿąĒþÀùĖƒàąĒƒĖąùéÓƒùéáæĝéÿáƕ

EditedDefault

EditedDefault



ơ?1+ŎŌŎŒ

rD 1G[?ƗƒrD 1a¨ƒ+ ry5n
Å |Ė×ƒĖ×ďÀĒÀĝ×ƒá×ąþ×ĝĒıƒàąĒƒÍÀĖĝƒĖæÀÓąīĖ

Å kĒ×Ī×ÿĝƒĠÿīÀÿĝ×ÓƒĖ×ùàƒĖæÀÓąīéÿá

EditedDefault



ơ?1+ŎŌŎŒ

rD 1G[?ƗƒrD 1a¨ƒn5+5G§5n
Å r×ďÀĒÀĝ×ƒĖæÀď×ƒàąĒƒĒ×Í×éĪéÿáƒĖæÀÓąīĖ

Å kĒ×Ī×ÿĝĖƒĖæÀÓąīĖƒéÿƒÍĒ×ĪéÍ×Ė

Å y×ĒĒÀéÿƒīÀùùĖƒďĒąó×Íĝ×ÓƒĝąƒàùÀĝƒĖĠĒàÀÍ×ƒ
àąĒƒĖÀþďùéÿáƒĖæÀÓąīƒþÀď



ơ?1+ŎŌŎŒ

rD 1G[?ƗƒZ*G5[yƒa++U|rGa[
ǒ yąąÿƒĒÀþďƒÀďďùé×ĖƒĝąąÿƒÍĠĝąààƒĝąƒrr aƒ
ÌĠàà×ĒƒéÿďĠĝƕ



ơ?1+ŎŌŎŒ

rD 1G[?Ɨƒrk5+|U n
Å yæĒ××ƒÓéàà×Ē×ÿĝƒĖď×ÍĠùÀĒƒþąÓ×ĖƗ
Å yąąÿƒéĖąĝĒąďéÍ
Å yąąÿƒÀÿéĖąĝĒąďéÍ
Å yąąÿƒæÀéĒ

Å n×ĖĠùĝƒéĖƒĖÍÀù×ÓƒÌıƒáùąĖĖƒþÀďƒÀÿÓƒĝæ×ÿƒ
ďÀĖĖ×ÓƒéÿĝąƒĝæéĒÓƒĒąīƒąàƒĝąąÿƒĒÀþď



ơ?1+ŎŌŎŒ

rD 1G[?ƗƒZ y+ k

|Ė×ÓƒàąĒƒĒ×àù×ÍĝéĪ×ƒþÀĝ×ĒéÀùĖƗƒ
Å Z×ĝÀùĖ
Å ?ùÀĖĖ
Å ZąÿĖĝ×Ēƒ×ı×Ė



ơ?1+ŎŌŎŒ

rD 1G[?ƗƒZ y+ k
Å n?*ƒÀÓÓĖƒĖď×ÍĠùÀĒƒùéáæĝƕ

Å >ÀÓ×ĖƒąĠĝƒīéĝæƒÓéààĠĖ×ƕ

Å ùďæÀƒĖÍÀù×ĖƒÀþÌé×ÿĝƒąÍÍùĠĖéąÿƕ

Å ùùąīĖƒàąĒƒĝæ×ƒÀďď×ÀĒÀÿÍ×ƒąàƒ
Ē×àù×ÍĝéąÿƒéÿƒĖæÀÓąīƕ

aƒ
ƪ ùďæÀƫ

rď×ÍĠùÀĒ
ƪn?*ƫ n×ĖĠùĝ



ơ?1+ŎŌŎŒ

rD 1G[?Ɨƒyaa[ƒD Gnƒrk5+|U n
aĪ×ĒĪé×ī

Å yąąÿƒæéáæùéáæĝƒùąÍÀĝéąÿĖƒÀĒ×ƒÿąĝƒÌÀ÷×Óƒ
éÿĝąƒþąÓ×ùƕ

Å UéáæĝéÿáƒĒ×ÀÍĝĖƒĝąƒÀÿéþÀĝéąÿƒÀÿÓƒ
ÍÀþ×ĒÀƕ

Å kÀĒÀþ×ĝ×ĒéĶ×ÓƒàąĒƒÀĒĝéĖĝéÍƒÍąÿĝĒąùƒąĪ×Ēƒ
ÍąĒĒ×Íĝÿ×ĖĖƕ

Å +ąþďùéÍÀĝ×ÓƒĝąƒĝĠÿ×ƖƒÌĠĝƒéþďąĒĝÀÿĝƒĝąƒ
àéÿÀùƒùąą÷ƕ



ơ?1+ŎŌŎŒ

rD 1G[?Ɨƒyaa[ƒD Gnƒrk5+|U n 
|§ƒrďÀÍ×

Å DÀéĒƒĖĝĒÀÿÓƒÓéĒ×ÍĝéąÿƒéĖƒÀùéáÿ×Óƒĝąƒ
Ī×ĒĝéÍÀùƒÀİéĖƒéÿƒĝ×İĝĠĒ×ƒ

Å nąąĝĖƒÀĝƒĝąďƕƒyéďĖƒÀĝƒÌąĝĝąþƕ

Å rÀþďù×ƒ|§ƒÍąąĒÓéÿÀĝ×ƒĝąƒ÷ÿąīƒ
ÓéĖĝÀÿÍ×ƒÀùąÿáƒĖĝĒÀÿÓƒąàƒæÀéĒƕƒ



ơ?1+ŎŌŎŒ

rD 1G[?Ɨƒyaa[ƒD Gnƒrk5+|U n 
*ÀĖ×ùéÿ×ƒræéàĝ
Å yĠÿ×ƒĖď×ÍĠùÀĒƒùéÿ×ƒÀĖƒ|§ƒĖďÀÍ×ƒÓéĖĝÀÿÍ×ƒ
ÀùąÿáƒæÀéĒƒĖĝĒÀÿÓĖƕ

Å ďďùıƒÀÿƒąààĖ×ĝƒÀÍÍąĒÓéÿáƒĝąƒÍÀþ×ĒÀƒ
ďéĝÍæƕ



ơ?1+ŎŌŎŒ

rD 1G[?Ɨƒyaa[ƒD Gnƒrk5+|U n 
+ĠĒĪÀĝĠĒ×
Å +ĠĒĪÀĝĠĒ×ƒąààĖ×ĝƒþąĪ×ĖƒĖď×ÍĠùÀĒƒùéÿ×ƒÀĖƒ
ÿąĒþÀùƒÌ×Íąþ×Ėƒď×Ēď×ÿÓéÍĠùÀĒƒĝąƒĝæ×ƒĪé×īƕƒ



ơ?1+ŎŌŎŒ

rD 1G[?Ɨƒyaa[ƒD Gnƒrk5+|U n 
rďÀĝéÀùƒkÀĒÀþ×ĝ×ĒéĶÀĝéąÿ
Å rď×ÍĠùÀĒƒéĖƒÍąÿĝĒąùù×ÓƒÌıƒĝæĒ××ƒďÀĒÀþ×ĝ×ĒĖƗ

Å ÓéĖĝÀÿÍ×ƒàĒąþƒÍ×ÿĝ×Ēƒùéÿ×

Å ÓéĖĝÀÿÍ×ƒ×İďąÿ×ÿĝƒ

Å áùąĖĖƒĖÍÀù×ƕ

specular = (distance ^ exponent)*gloss

Å réþďù×ƒ×đĠÀĝéąÿƖƒÌĠĝƒďÀĒÀþ×ĝ×ĒéĶ×Óƒīéĝæƒ
ÍĠĒĪ×ĖƒàĒąþƒ×Óá×ƒĝąƒÍ×ÿĝ×ĒƒąàƒæÀéĒƕ

Å yīąƒÍĠĒĪ×Ėƒď×ĒƒďÀĒÀþ×ĝ×ĒƗƒĖéÓ×ƒĪé×īƒÀÿÓƒ
ĝąďƒĪé×īƕ



ơ?1+ŎŌŎŒ

rD 1G[?Ɨƒyaa[ƒD Gnƒrk5+|U n 
ZÀĖ÷éÿá
Å ?ùąĖĖƒþÀďƒĠĖ×ÓƒĝąƒĖ×ďÀĒÀĝ×ƒÍæĠÿ÷Ėƒ
ąàƒæÀéĒƕ

Å §×ĒĝéÍÀùƒ>ùąīƒZÀĖ÷

Å +ĠĒĪ×ƒĒ×ÓĠÍ×ĖƒĖď×ÍĠùÀĒƒ
ÀÍÍąĒÓéÿáƒĝąƒæąīƒÀùéáÿ×ÓƒæÀéĒƒ
ĖĝĒÀÿÓƒéĖƒīéĝæƒÍÀþ×ĒÀƒĠďƒÀİéĖƕ

Å >ąÍĠĖ×ĖƒĖď×ÍĠùÀĒƒąÿƒÓąīÿīÀĒÓƒ
àùąīéÿáƒĖĝĒÀÿÓĖ



ơ?1+ŎŌŎŒ

rD 1G[?ƗƒrD 1a¨ƒ+a[yn ry
Å n×ÓĠÍ×ĖƒĖæÀÓąīƒÍąÿĝĒÀĖĝƒéĖƒÓ×ĖéĒ×Óƒ
àąĒƒĖąþ×ƒþÀĝ×ĒéÀùĖ

Å rÍÀù×ƒÓąīÿƒÓéààĠĖ×ƒÀÿÓƒĖÍÀù×ƒĠďƒ
ÀþÌé×ÿĝ

Å 1éààĠĖ×ƒąÍÍùĠĖéąÿƒþÀďƒÍÀÿƒÌ×ƒĠĖ×Óƒ
ĝąƒàąĒÍ×ƒďÀĒĝĖƒąàƒþąÓ×ùƒéÿĝąƒĖæÀÓ×ƒ
ùéáæĝéÿá



ơ?1+ŎŌŎŒ

rD 1G[?ƗƒrS®
+ąùąĒƒéĖƒďÀéÿĝ×ÓƒÀĖƒĪ×ĒĝéÍÀùƒĖ÷ıƒáĒÀÓé×ÿĝĖƒàąĒƒ×ÀÍæƗ

Å yéþ×ƒąàƒÓÀı

Å ¨ąĒùÓƒĖĝÀĝ×

Å ¨×Àĝæ×Ēƒ×İĝĒ×þ×

+ù×ÀĒƒ¨×Àĝæ×Ē
>ąĠĒƒ¨ąĒùÓƒrĝÀĝ×Ė

+ùąĠÓıƒ¨×Àĝæ×Ē
>ąĠĒƒ¨ąĒùÓƒrĝÀĝ×Ė



ơ?1+ŎŌŎŒ

rD 1G[?ƗƒrS®
Å ZÀďƒÀƒĒÀÿá×ƒąÿĝąƒĝæ×ƒĖÍĒ××ÿƒÌÀĖ×ÓƒąÿƒÍÀþ×ĒÀƒĶąąþƒÀÿÓƒďéĝÍæƕ

*ù×ÿÓƒn×ĖĠùĝ



ơ?1+ŎŌŎŒ

rD 1G[?ƗƒrS®
kÀéÿĝ×ĒùıƒræÀď×

Å 1éĖďùÀÍ×ƒĪ×ĒĝéÍÀùƒ|§ƒīéĝæƒÿąéĖ×ƒþÀďƕ

Å [ąéĖ×ƒþÀďƒīĒÀďĖƒÀĝƒīéĝæƒŏŒŌǃƒıÀīƕ

1éĝæ×Ēéÿá

Å rþÀùùƒĪ×ĒĝéÍÀùƒ|§ƒąààĖ×ĝƒąÿƒ×Ī×Ēıƒąĝæ×Ēƒďéİ×ùƕ

Å 1éĝæ×Ē×ÓƒÌÀÿÓĖƒÀùĖąƒĖĝĒ×ĝÍæƒīéĝæƒÿąéĖ×ƕ



ơ?1+ŎŌŎŒ

rD 1G[?Ɨƒ+Ua|1r

Å [××Ó×ÓƒÓıÿÀþéÍƒÍùąĠÓƒĖıĖĝ×þƒĝąƒ
ĖĠďďąĒĝƒÓıÿÀþéÍƒī×Àĝæ×ĒƒÀÿÓƒ
ÓıÿÀþéÍƒĝéþ×ƦąàƦÓÀıƕ

Å *ÀĖ×Óƒąÿƒyæ×ƒn×ÀùƦĝéþ×ƒ§ąùĠþ×ĝĒéÍƒ
+ùąĠÓĖÍÀď×ĖƒąàƒDąĒéĶąÿƒ³×Ēąƒ1Àīÿƒ
ƪrG??n kDƒŎŌōőƫƒÌĠĝƒÀÓóĠĖĝ×Óƒĝąƒ
īąĒ÷ƒąÿƒÀƒŎ1ƒďùÀÿ×ƕ

Å +ùąĠÓƒĝąąÿƒĖæÀÓéÿáƒÀďďùé×Óƒĝąƒ
Ē×ĖĠùĝƕ

aĪ×ĒĪé×ī



ơ?1+ŎŌŎŒ

rD 1G[?Ɨƒ+Ua|1r

Å+ąĠÿĝ×ĒƒĖÍĒąùùĖƒÀáÀéÿĖĝƒÍÀþ×ĒÀƒıÀīƒ
ÀÿÓƒďéĝÍæƕ

Å[ąéĖ×ƒùąą÷ĠďĖƒæÀĪ×ƒÀƒĖ×Àþù×ĖĖƒīĒÀďƒ
ďąéÿĝƒÀùąÿáƒæąĒéĶąÿĝÀùƒÀİéĖƕ
Å¨ĒÀďĖƒ×Ī×ĒıƒŏŒŌǃƒıÀīƕ

ÅrÍÀù×ƒ|§ƒīéĝæƒÓ×ďĝæƒàąĒƒďÀĒÀùùÀİƒ
×àà×Íĝ

§é×īƒn×áéąÿ



ơ?1+ŎŌŎŒ

rD 1G[?Ɨƒ+Ua|1r

Å+ùąĠÓƒùéáæĝéÿáƒĝÀ÷×ĖƒĝæĒ××ƒÍąùąĒƒéÿďĠĝĖƕƒ

Å1éĒ×ÍĝƒUéáæĝ

Å þÌé×ÿĝƒUéáæĝ

Å ĝþąĖďæ×Ē×

Å5ÀÍæƒéÿďĠĝƒéĖƒÀƒáĒÀÓé×ÿĝƒÀÍĒąĖĖƒĝéþ×ƒąàƒÓÀı

År×ĝĖƒąàƒáĒÀÓé×ÿĝĖƒÓ×àéÿ×ÓƒàąĒƒ×ÀÍæƒīąĒùÓƒ
ĖĝÀĝ×ƒÀÿÓƒī×Àĝæ×Ēƒ×İĝĒ×þ×

yąąÿƒ+ąùąĒĖ
+ù×ÀĒ +ùąĠÓı

¨ąĒùÓƒrĝÀĝ×ƒ

¨ąĒùÓƒrĝÀĝ×ƒ*

¨ąĒùÓƒrĝÀĝ×ƒ+

¨ąĒùÓƒrĝÀĝ×ƒ1



ơ?1+ŎŌŎŒ

rD 1G[?Ɨƒ+Ua|1r

Å +ùąĠÓƒþąÓ×ùƒæÀĖƒĝæĒ××ƒąĠĝďĠĝĖƒ

Å 5İĝéÿÍĝéąÿ

Å þÌé×ÿĝƒUéáæĝƒ5ÿ×Ēáı

Å 1éĒ×ÍĝƒUéáæĝƒ5ÿ×Ēáı

yąąÿƒræÀÓéÿá

ōŌŌǟDirectLightEnergy  > 0.485

ŐŌǟ ( DirectLightEnergy  + AmbientLightEnergy ) 
    > 0.891

Ōǟ Otherwise

Å aďÀÍéĝıƒĝæĒ×ĖæąùÓƒƪ5İĝéÿÍĝéąÿƒǗƒœőǟƫ

Å *ù×ÿÓƒþÌé×ÿĝ+ąùąĒƒĝąƒ1éĒ×Íĝ+ąùąĒƒéÿƒĖn?*



ơ?1+ŎŌŎŒ

rD 1G[?Ɨƒ+Ua|1r

Å5Ī×Ēıƒąĝæ×Ēƒďéİ×ùƒĠĖ×ĖƒÀÿƒ×ÿ×ĒáıƒĖæéàĝ×ÓƒùéáæĝéÿáƒÍÀùÍĠùÀĝéąÿƕ
Å1éĒ×ÍĝUéáæĝ5ÿ×ĒáıƒƦǔƒŌƕŌŔœ
Å þÌé×ÿĝUéáæĝ5ÿ×ĒáıƒƦǔƒŌƕŌŔœ

1éĝæ×Ēéÿá

a>> a[



ơ?1+ŎŌŎŒ

rD 1G[?Ɨƒ+Ua|1r

Å >ÀÓ×ƒĝąīÀĒÓĖƒĝþąĖďæ×Ē×+ąùąĒƒīéĝæƒ
ĖđĠÀĒ×ÓƒÓ×ďĝæƒ

Å rĝ×ďƒÍĠĒĪ×ƒīéĝæƒŐƒĪÀùĠ×ĖƒƪŌǟƖƒŎőǟƖƒ
őŌǟƒÀÿÓƒœőǟƫƒéĖƒĠĖ×ÓƒàąĒƒĝąąÿƒĖæÀÓéÿá

ĝþąĖďæ×Ē×ƒ*ù×ÿÓ



ơ?1+ŎŌŎŒ

kG­5Uƒr[ kkG[?



ơ?1+ŎŌŎŒ

kG­5Uƒr[ kkG[?Ɨƒ+ Z5n ƒkarGyGa[
Å nąĝÀĝ×ƒÍÀþ×ĒÀƒďąĖéĝéąÿƒéÿĝąƒĖÍĒ××ÿƒąĒé×ÿĝÀĝéąÿ

Å rÿÀďƒĝæ×ƒÍÀþ×ĒÀƒďąĖéĝéąÿƒĝąƒĖÍĒ××ÿƒďéİ×ùĖ

Å aààĖ×ĝƒÌıƒæÀùàƒďéİ×ùƒàąĒƒąÓÓƦĖéĶ×ÓƒĪé×īďąĒĝĖ
Å ƪn×ÿÓ×ĒĖƒĖÀþ×ƒéþÀá×ƒàąĒƒÀùùƒĪé×īďąĒĝƒĖéĶ×Ėƫ

Å n×ÍąÿĖĝĒĠÍĝƒīąĒùÓƒďąĖéĝéąÿ

a>>

a[



ơ?1+ŎŌŎŒ

kG­5Uƒr[ kkG[?Ɨƒ+ Z5n ƒ³aaZ
Å 5ÀÍæƒōİōƒÌùąÍ÷ƒÿ××ÓĖƒÀÿƒ×İÀÍĝƒďéİ×ùƒĖéĶ×ƒĝąƒĝéù×ƒ
ďĒąď×Ēùı

Å 1×àéÿ×ƒĝæ×ƒÍÀþ×ĒÀƒĶąąþƒÌÀĖ×ÓƒąÿƒÓ×ĖéĒ×Óƒďéİ×ùƒ
īéÓĝæƒąàƒÀƒÌùąÍ÷



ơ?1+ŎŌŎŒ

kG­5Uƒr[ kkG[?Ɨƒ+ Z5n ƒkGy+D
a>> a[

×İĝĒÀƒ
ďéİ×ù

Å +Àþ×ĒÀƒďéĝÍæƒÓ×ĝ×Ēþéÿ×ĖƒĪ×ĒĝéÍÀùƒĖďÀÍéÿá

Å +ąþďĠĝ×ƒďéİ×ùƒæ×éáæĝƒąàƒÀƒÌùąÍ÷ƒÀĝƒÓ×ĖéĒ×Óƒ
ďéĝÍæ

Å rÿÀďƒĝæ×ƒďéİ×ùƒæ×éáæĝƒÀÿÓƒĒ×ÍąþďĠĝ×ƒďéĝÍæ



ơ?1+ŎŌŎŒ

kG­5Uƒr[ kkG[?ƗƒZa15Ur
Å ùùƒéÿĖĝÀÿÍ×Ėƒąàƒĝæ×ƒĖÀþ×ƒþąÓ×ùƒĒ×ÿÓ×Ēƒĝąƒĝæ×ƒ×İÀÍĝƒĖÀþ×ƒĖéùæąĠ×ĝĝ×ƕ

Å rÿÀďƒĒąąĝƒďąĖéĝéąÿƒĝąƒĖÍĒ××ÿƒďéİ×ùĖ

Å ùþąĖĝƒÀùīÀıĖƒÓéĖÀÌù×Óƒīæ×ÿƒÀĝĝÀÍæ×ÓƒƪĪĖƒĖÿÀďƒÀĖƒďÀĒĝƒąàƒďÀĒ×ÿĝƒƲĖďĒéĝ×Ƴƫ

Å +ÀÿƒÓéĖÀÌù×ƒàąĒƒþąÓ×ùĖƒĝæÀĝƒďĒéąĒéĝéĶ×ƒĖ×Àþù×ĖĖƒÍąÿÿ×ÍĝéąÿĖƒƪ×ƕáƕƒīÀùùĖƫ


