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<Summary> This paper proposes a pipeline to accelerate the computation of frustum traced hard shad-
ows. Recently this shadow algorithm has been applied to real-time applications such as video games, but it
is computationally expensive compared to shadow mapping. To reduce the computation cost of the frustum
tracing, this paper employs a two-pass visibility test by integrating a conservative shadow map into the
pipeline of frustum traced shadows. Furthermore, this paper also presents a more precise implementation
of the conservative shadow map than the previous method. In our experiments for 4K screen resolution,
although the performance improvement varies depending on the scene, the shadow computation time is

improved by about 2.4 times on average.
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Fig.1 Visibility mask buffer (a, b) and final result (c) rendered using our hard shadow rendering pipeline
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Fig.3 Difference between two detection techniques for
a fully covered texel

void main(float4 p : SV_Position, float2 s : BARYCENTRICS) {
float2 dx = ddx(s) * 0.5;
float2 dy = ddy(s) * 0.5;
float2 a = dx + dy;
float2 b = dx - dy;
if(s.x < max(abs(a.x),abs(b.x)) || s.y < max(abs(a.y),abs(b.y))
Il 1.0 - s.x - s.y < max(abs(a.x + a.y),abs(b.x + b.y))) {
discard;
}
}

B4 Ry Ry 7OE 72y = —4— (HLSL)
Fig.4 Our pixel shader for conservative shadow maps
(HLSL)
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Fig.5 Difference of triangle fragment culling techniques
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Fig.6 Scenes used in this experiment
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Table 2 Computation time of hard shadows (ms)
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Table 3 Rendering results of conservative shadow maps
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Hertel 5ODEFHY ¥ Ry vy 7Oy 2 — X — %
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MM L ZEAY 7Ly s — X —itixng. ¥ ox
VY =X —=TIXZ OHEEN T 7 2 VO EM DR LD
HEREVDEDZHET DI LIZE > TCEARTREIE
bl TF oV EREd 5.

struct Output{
float4 p : SV_Position;
float3 d : DISTANCE;
};
[maxvertexcount (3)]
void main(triangle float4 inPos[3] : SV_Position,
inout TriangleStream<Output> output) {

float2 p0 = inPos[0].xy * g_smResolution;
float2 pl = inPos[1].xy * g_smResolution;
float2 p2 = inPos[2].xy * g_smResolution;
float2 e0 = pl - pO;

float2 el = p2 - pl;

float2 e2 = p0 - p2;

float2 n0 = normalize(float2(-e0.y, e0.x));
float2 nl = normalize(float2(-el.y, el.x));
float2 n2 = normalize(float2(-e2.y, e2.x));
float dO = abs(dot(ni, e2));

float d1 = abs(dot(n2, e0));

float d2 = abs(dot(nO, el));

Output elementO = { inPos[0], float3(d0, 0.0, 0.0) };
Output elementl { inPos[1], float3(0.0, di, 0.0) };
Output element2 { inPos[2], float3(0.0, 0.0, d2) };
output . Append (elementO) ;

output.Append(elementl) ;

output.Append(element2) ;

output.RestartStrip();

B A. 1 Hertel 5 DRSPS ¥ U<y TDYA A Y

¥z —&— (HLSL)

app.Fig.1 Geometry shader for Hertel et al.’s conser-
vative shadow maps (HLSL)
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void main(float4 p : SV_Position, float3 d : DISTANCE) {
float DIAG = 1.414213562373095;
if (d.x < DIAG || d.y < DIAG || d.z < DIAG) {
discard;
}
}

B A. 2 Hertel 5 DRFHY ¥ RUvy TOE T &)L
¥z —&— (HLSL)
app-.Fig. 2 Pixel shader for Hertel et al.’s conservative
shadow maps (HLSL)
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