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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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1 visibility mask buffer (a b) (c)
Fig. 1 Visibility mask buffer (a b) and final result (c) rendered using our hard shadow rendering pipeline

1 1
Table 1 Execution environment of Fig. 1
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GPU NVIDIA GeForce GTX 1070
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7.4 ms 3.7 ms
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Fig. 2 Fully shadowed shading points (left) and a texel
fully covered by a triangle (right)
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(a) Hertel (b)

3
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))
|| 1.0 - s.x - s.y < max(abs(a.x + a.y),abs(b.x + b.y))) {
discard;

}
}

4 HLSL

Fig. 4 Our pixel shader for conservative shadow maps
(HLSL)
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Fig. 5 Difference of triangle fragment culling techniques

visibility

mask buffer 1(a)

IZB

IZB

3.2

IZB

Wyman 1) GPU

5(a) IZB

IZB

5(b)

Wyman

IZB

GPU

IZB

4.

NVIDIA GeForce GTX 1070 GPU

2K

1920×1080 1024×1024 IZB

4K 3840×2160 2048×2048

IZB

1),3) IZB

4.1

6

Frustum Traced Shadows

2

2K 1.9 4K

2.4

6(f) 2K

4K

3.1

IZB 2K

1024×1024 4K 2048×2048

4K

4.2

3 2048×2048

6(b) 0.5%

6(e) 1.6%

6(b) 6(e)

4.3 ms

2K 4K

0.25 ms

The Journal of the Institute of Image Electronics Engineers of Japan Vol.47 No.4 （2018）

421



(a) (b) (c) (d) (e) (f)

6
Fig. 6 Scenes used in this experiment

2 ms
Table 2 Computation time of hard shadows (ms)

Sponza : 279k San Miguel : 5.3M Power Plant : 12.8M

6(a) 6(b) 6(c) 6(d) 6(e) 6(f)

2K

0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
– 0.17 – 0.20 – 1.89 – 1.90 – 4.34 – 4.30

IZB 0.74 0.43 0.38 0.28 0.63 0.32 0.70 0.42 0.30 0.26 0.30 0.27
1.11 0.54 3.51 0.29 10.67 8.18 21.15 8.74 21.68 9.96 12.62 10.24

1.88 1.17 3.92 0.80 11.33 10.42 21.88 11.09 22.01 14.59 12.95 14.84

4K

0.10 0.10 0.10 0.10 0.13 0.12 0.11 0.11 0.12 0.12 0.10 0.10
– 0.35 – 0.47 – 2.10 – 2.08 – 4.72 – 4.59

IZB 3.03 1.67 1.66 1.16 2.58 1.18 2.82 1.65 1.24 1.07 1.22 1.10
3.99 1.23 8.63 0.45 15.73 8.83 35.49 9.46 29.74 10.29 15.33 10.79

7.12 3.35 10.39 2.18 18.44 12.23 38.42 13.30 31.10 16.20 16.65 16.58

3
Table 3 Rendering results of conservative shadow maps

6(b) 6(e)

Hertel 0.48 ms 55.5% 4.75 ms 35.8%
0.47 ms 56.0% 4.72 ms 37.4%
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7 4K Rungholt : 6.7M

Fig. 7 Rendering results of the Rungholt model (trian-
gle count: 6.7M) for 4K resolution
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Hertel 6)

A. 1, A. 2

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 p1 = inPos[1].xy * g_smResolution;
float2 p2 = inPos[2].xy * g_smResolution;
float2 e0 = p1 - p0;
float2 e1 = p2 - p1;
float2 e2 = p0 - p2;
float2 n0 = normalize(float2(-e0.y, e0.x));
float2 n1 = normalize(float2(-e1.y, e1.x));
float2 n2 = normalize(float2(-e2.y, e2.x));
float d0 = abs(dot(n1, e2));
float d1 = abs(dot(n2, e0));
float d2 = abs(dot(n0, e1));
Output element0 = { inPos[0], float3(d0, 0.0, 0.0) };
Output element1 = { inPos[1], float3(0.0, d1, 0.0) };
Output element2 = { inPos[2], float3(0.0, 0.0, d2) };
output.Append(element0);
output.Append(element1);
output.Append(element2);
output.RestartStrip();

}

A. 1 Hertel
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;
}

}

A. 2 Hertel
HLSL

app.Fig. 2 Pixel shader for Hertel et al.’s conservative
shadow maps HLSL
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