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£ R BH (65536 virtual point lights)
Resolution: 1920x1152, GPU: AMD Radeon™ R9 290X
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—Lightcuts [walteros)
—Coherent path tracing [sadeghiod]
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EXAMPLE IMPLEMENTATION
OF
REAL-TIME INDIRECT ILLUMINATION
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Light cullkg v(hh clamping ranges
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Shading time: 44.4 ms Shading time: 2.87 ms Shading time: 2.87 ms

65536 VPLs, Resolution: 1920%1152, €,,,, = 0.0005, GPU: AMD Radeon™ R9 290X
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clamping ranges

Total rendering time: 48.5 ms Total rendering time : 7.0 ms Total rendering time : 7.0 ms

RMSE: 0.0017 RMSE: 0.0026 RMSE: 0.0377

65536 VPLs, Resolution: 1920X1152, €,,,, = 0.0005, GPU: AMD Radeon™ R9 290X
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1024 VPLs

Stochastic light culling Light culling with clamping ranges

Resolution: 1920%x1152, €,,,4,, = 0.0005, GPU: AMD Radeon™ R9 290X
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4096 VPLs

Stochastic light culling Light culling with clamping ranges

Resolution: 1920%1152, €,,,4, = 0.0005, GPU: AMD Radeon™ R9 290X
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Stochastic light culling Light culling with clamping ranges

Resolution: 1920%1152, €,,,4, = 0.0005, GPU: AMD Radeon™ R9 290X
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Stochastic light culling Light culling with clamping ranges

Resolution: 1920%x1152, €,,,4, = 0.0005, GPU: AMD Radeon™ R9 290X
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STOCHASTIC LIGHT CULLING
FOR
PROGRESSIVE PATH TRACING
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STOCHASTIC LIGHT CULLING (POINT LIGHT)

UNOPTIMIZED

s ZTNENDI—TAUT RIZET
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DIRECT ILLUMINATION

PT (Base)

HitInfo hit = scene.intersect( from, to );
if( 'hit.hasHit() )

continue;

float4 hp = from + ( to — from ) * hit.m_f;

for(int il=0; ilKnLightSamples; il++)
{

const Samplelnfo& | = Is[ill;

float g = geomTerm( hp, hitm_ns, L.m_x, .m_n );

if( 'scene.intersect( hp, .m_x ).hasHit() )

{

float4 f = scene.brdfEvaluate( hitm_ns, m );

dst +=f * Lm_le * g / |.m_pdfArea;
}
}

Computer Entertainment Developers Conference
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PT + SLC

HitInfo hit = scene:intersect( from, to );
if( hit.hasHit() )
continue;

float4 hp = from + ( to — from ) * hit.m_f;

for(int il=0; ilKnLightSamples; il++)
{
const Samplelnfo& | = Is[ill;
const float d2 = 12( hp — l.m_x );
if( SleImpl:radius2( I.m_le, ALPHA, xi[il] ) < d2 )

continue;

float g = geomTerm( hp, hitm_ns, L.m_x, .m_n );

if( 'scene.intersect( hp, .m_x ).hasHit() )

{
float4 f = scene.brdfEvaluate( hitm_ns, m );
float rrPdf = SlcImpl:computeRrPdf( hp, |, ALPHA );
dst +=f * I.m_le * g / (Lm_pdfArea * rrPdf);

}

}
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class Slclmpl
{
public:
static
float computeRt( const float4& le, float alpha )
{
return sqrtf( dot3F4( float4( g ! ), le ) * (1.5/( *alpha) ) );
}

static
float computeRrPdf( const float4& vtx, const float4& Ivtx, const float4& le, float alpha )
{

float d2 = dot3F4( vtx—Ivtx, vtx—Ivtx );

float r_t = computeRt( le, alpha );

if( d2 > rtkrt)

return r_tkr t / d2;
return

}

static
float radius2( float r_t, float xi )
{
return ( rtxrt / (1.f—xi) );
}
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Reference Stochastic Light Culling Clamping
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while( nodeldx )

= 8K
BVH L @ j Node node = getNode( nodeldx );
RS o —_ W ifChit( node, ray ) )
=D )EO E =T 1 s o

if( isLeaf( node )-)
{
Ray shadowRay = createRay( node, ray );
if( lintersect( shadowRay) )
{
pixel += shade( node, ray );
1
nodeldx = node.m_next;
}
else
{
nodeldx = node.m_child;
}
}
else
{
nodeldx = node.m_next;
}
}

Expensive computation deep in branches => Very bad
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WORK ITEM DIVERGENCE

n \‘JI)_*(«IEIL,'C[,\}-‘;)t%':s Sr— Ailenodg N

Node node = getNode( nodeldx );

T4 T ETHEWN=HIZE., 54
I\O)%?,&/ \\“J777‘:1%?#L~ fﬁf‘ [(lsLeaf( node ))

Ray shadowRay = createRay( node, ray );

/I_j__\\’r / 7\‘5 'd— é {( lintersect( shadowRay) )

pixel += shade( node, ray );
1

nodeldx = node.m_next;

}
{

nodeldx = node.m_child;
}
}

{
nodeldx = node.m_next;
}
}

Expensive computation deep in branches => Very bad
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MEMORY FOOTPRINT

n \‘JI)_*(«IEIL,'C[,\%’)t%':s Sr— Ailenodg N

Node node = getNode( nodeldx );

T4 T ETHEWN=HIZE., 54
I\O)%?,&/ \\“J77‘:1%?#Ls fﬁf‘ [(lsLeaf( node ))

hitList[nHits++] = nodeldx;

/I_j__\\,rjb\‘é-d— é : nodeldx = node.m_next;

u “J I) = ((( @ ¢ @%iﬁt&'iﬁg;‘k L/T: b‘\ [ nodeldx = node.m_child;
~1—A—ETOEMEAIESDL (ray B

cast + shade) ‘

“SAFDBELEEZD/N\VITHKRE =

9 F 5 (# of lights x # of WIs) (=0 Kottt 1)

{
Node node = getNode( hitList[i] );
Ray shadowRay = createRay( node, ray );
(lintersect( shadowRay) )

{
pixel += shade( node, ray );

}
}

Isolate expensive computation
Loop over nHits, which varies a lot => Bad

nodeldx = node.m_next;
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RESERVOIR SAMPLING

YY—WEPOEMEBRLIS

Node node = getNode( nodeldx );

SALOBBEBRS VITHRE e
_g—g é [( isLeaf( node )°)
= iy o - resevoirSampling( hitList, nodeldx );
-_=> ﬁkk{@ 0)7/{ '\7’—: (-}-E%Zé } nodeldx = node.m_next;
o> BRKEDS T—T AL T TS [
» YYF—n\H Ty =

2 TOBHEE R TICRAEEE =
*R.d—é:th“.te%é : nodeldx = node.m_next;

]

nodeldx = node.m_child;

(i=0; i<resevoirMax; i++)

{
( nHits <=1)

Node node = getNode( hitList[i] );
Ray shadowRay = createRay( node, ray );
(lintersect( shadowRay) )

{
pixel += shade( node, ray );

}
} .
Loop at most reservoirMax (constant) => Good ©
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_kernel
void RefitOneLevelKernel( GLOBAL(BSTreeNode) gTree, GLOBAL(u32)

[ | *Eﬂ;ﬂd)jj—*)b%%ffﬁ- L"Cl) 7,{\y|\ {gLeveIs, int ¢b_n, int cb_level )
- %*L%:‘;h'o)jj_*)b—clb&)l/\ Tk int gldx = GET_GLOBAL IDX:

u fOI‘ %*L% *LO) ‘J I) 0) ’J'_'-"é if( gLevels[gldx] = cb_level )
—) 749D A—RIVEZELT .

int nodeldx = gldx;

if( gldx >= cb_n ) return;

BSTreeNode* dst = &gTree[nodeldx];

u32 c0 = dst—>m_childO;
u32 c1 = dst—>m_child1;

float4 vO = gTree[ c0 ].m_volume;
float4 v1 = gTree[ c1 ].m_volume;

mergeChildVolumes( dst );
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Uniform Sampling (RSME:0.0749) Stochastic Light Culling (RSME:0.0464)

5,000 triangle lights, after 2min
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Uniform Sampling (RSME:0.0355) Stochastic Light Culling (RSME:0.0203)
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59,000 triangle lights, after 2min
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