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GPU based Real-Time Foveated Rendering

Oh-Seok Kwon

Dept. of IT Convergence and Application Engineering,
The Graduate School,
Pukyong National University

Abstract

Today's Head—Mounted Displays and high-resolution display above 4K
provide a high visual experience and an immersive experience for
users. However, the rendering on high resolution displays needs
efficient rendering techniques enough to give a real-time. One of such
techniques is a foveated rendering combined with gaze-tracking that
minimizes the loss of perceptual detail.

Therefore, we propose a GPU based real-time foveated rendering
technique. The proposed method operates in a way that imitates the
human visual system. We designed the sampling map considering the
human retina, visual attention, and efficiency of reconstruction.
Especially, it can be designed to effectively work on the GPU, and
also reduces the computational cost that has been improved by
previous foveated sampling. In addition, we use a combination of ray
tracing and temporal reprojection to generate a complemented sparse
pixel 1mage. Finally, we generate a dense 1mage through the
reconstruction process. We also show real-time foveated rendering
pipelines for various purpose that are effectively mapped on the GPU.
As a result, the proposed method allows high—quality generated
images in real time on a high-resolution display with minimizing loss

of perceptual detail.
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Code 1: GLSL SAMPLING fragment shader

Input: G-buffers

output: outFovSample, outTemporalReproj

layout(binding = 0) uniform sampler2D positionTex;
layout(binding = 1) uniform sampler2D normalTex;
layout(binding = 2) uniform sampler2D albedoTex;
layout(binding = 3) uniform sampler2D depthTex;
layout(binding = 4) uniform sampler2D prev_depthTex;
layout(binding = 5) uniform sampler2D reprojectionTex;

layout(binding = 6) uniform sampler2D velocityTex;

layout(location = 0) out vec4 outFovSample;

layout(location = 1) out vec4 outTemporalReproj;

layout(location = 0) uniform vec2 uf screenSize;
layout(location = 1) uniform float uf depth_epsilon;
layout(location = 2) uniform vec2 uf gaze;
layout(location = 3) uniform vec4 uf eye;
layout(location = 4) uniform vec4 uf prev eye;
layout(location = 5) uniform float uf mar slope;
layout(location = 6) uniform float uf mar min;

layout(location = 7) uniform float uf mar far;

void main()

{

vec2 FragCoord = gl FragCoord.st / uf screenSize;

vecd pos = texture2D(positionTex, FragCoord);
vec4 normal = texture2D(normalTex, FragCoord);
float depth = texture2D(depthTex, FragCoord).x;

vec2 reprojection_coord = texture2D(reprojectionTex, FragCoord).xy;
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vecd velocity = texture2D(velocityTex, FragCoord);

float prev_depth = texture2D(prev_depthTex, reprojection coord).x;
float hit = func_isCacheHit(prev_depth, length(pos - uf prev_eye), uf depth epsilon);

float e = func_eccentricity(uf gaze, uf eye, FragCoord);
float fov_sample rate =  func fov probability(e, uf mar slope, uf mar min,

uf mar far);

float saliency = func saliency(albedoTex, FragCoord);

float normal gradient = func gradient(normalTex, FragCoord);

float DoF = func depth of field(depthTex, FragCoord, uf gaze);

float usingRay = func sampling probability(fov_sample rate, saliency, normal gradient,
DoF);

outFovSample = vec3(FragCoord, usingRay);

outTemporalReproj = vec3(reprojection_coord, hit);

3. Reordering Stage

Sampling Reordering Reordering f;zﬁgﬁi egd
- =row= <column> e
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329 HAE T odAR AP AFHe FHs] A A

=29 W Tk Alo]=¢] WM ping—pong buffer7} & 2344,
W 8] Atol=7F UF & Af AdE 73 des 183l 22 A
3t 4 QIEE segment AXR7F ZHQ3FITE ©] segmentE HIH O R
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4 BHoA o= G 2AE JYo] 2R o7\ HFE Ao
t] (compute shader) & AF&-3to] A sty e Aojy] Z2 79 =
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Code 2: GLSL REORDER ROW COMPRESS compute shader

Input: samplingMap, bufferSize
output: dstMap

layout(binding = 0) uniform sampler2D samplingMap;
layout(location = 0) uniform vec2 bufferSize;
layout(binding = 0, rgba32f) coherent uniform image2D dstMap;

layout(local _size x = 1, local size y = 32) in;
void main()

{
ivec2 idx_start = ivec2(gl GloballnvocationID., gl GloballnvocationID.y);

ivec2 idx_end = ivec2(bufferSize.x - 1, gl GloballnvocationID.y);

for (int i = 0; i < bufferSize.x; i++)

{

ivec2 idx_search = ivec2(i, gl GloballnvocationID.y);

vec4 data = texture(samplingMap, idx_search / bufferSize);
if (data.z > 0)

{

imageStore(dstMap, idx_start, data);
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vec4 first sample = imageLoad(dstMap, ivec2(0, gl GloballnvocationID.y));
first_sample.z++;
imageStore(dstMap, ivec2(0, gl GloballnvocationID.y), first sample);
idx_start.x++;

h

else

{
imageStore(dstMap, idx_end, data);
idx_end.x--;

4. Shading Stage

P— .
Reordered
Sampling ———+ = Ray Trace ¥
map
/

false

Shading
Reproejctiol

buffer
map

v

Reprojection
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Code 3: GLSL SHADING compute shader

Input: samplingMap, reprojectionMap, shadingTex, historyTex
output: outShadingTex, outHistoryTex

layout(location = 0) uniform sampler2D samplingMap;

layout(location = 1) uniform sampler2D reprojectionMap;

layout(location = 2) uniform sampler2D shadingTex;

layout(location = 3) uniform sampler2D historyTex;

layout(location = 0) uniform vec2 uf screenSize;

layout(location = 1) uniform float seed;

layout(location = 2) uniform float coef temporal;

layout(binding = 0, rgba32f) coherent uniform image2D outShadingTex;
layout(binding = 1, rgba32f) coherent uniform image2D outHistoryTex;

layout(local size x = 32, local _size y = 32) in;

void main()

{
vec2 FragCoord = gl FragCoord.st / uf screenSize;
vec3 thread work = texture2D(samplingMap, FragCoord);
vec2 thread uv = thread work.xy;

vecd reprojection_uv = texture2D(reprojectionMap, thread uv);

vec4 temporal color = vec4(0.0f);
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if (c_weightz > 0.0f) {

temporal_color = texture2D(historyTex, reprojection_uv);

bool usingRay = thread work.z;
if (lusingRay) {
float acc frame = fabs(frame - imageLoad(shading buffer, ivec2(thread uv)).w;
imageStore(outHistoryTex, ivec2(thread uv),
acc_frame < coef temporal ? temporal color : vec4(0.01));
imageStore(outShadingTex, ivec2(thread uv), acc frame <
coef temporal ? vec4(color to accumulated(temporal color), temporal color.w *
shading_buffer[thread uv].w) : make float4(0.01);

return;

vec2 pixel = vec2(thread uv) / uf screenSize * 2.0f - 1.0f;
vecd tmp = vecd(pixel, -1.0f, 1.0f);
tmp = mvp * tmp;

vec3 nearPos = vec3(tmp) / tmp.w;

vec3 ray origin = eye;

vec3 ray direction = normalize(nearPos - eye);

Ray ray(ray_origin, ray direction);

trace(model_object, ray);

vec3 result color = ray.result;

result = Uncharted2ToneMapping(result);

float4 final result = make float4(result, 1.0f) + temporal color;

imageStore(history buffer, ivec2(thread uv), final result);
imageStore(shading buffer, ivec2(thread uv), vec4(color to_accumulated(final result),
frame + 1);

}
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5. Reconstruct Stage
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Code 4: GLSL RECONSTRUCT fragment shader

Input: coordTex, colorTex
output: outColor

layout(binding = 0) uniform sampler2D coordTex;

layout(binding = 1) uniform sampler2D colorTex;
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layout(location = 0) out vec4 outColor;

layout(location = 0) uniform vec2 screenSize;

layout(location = 0) uniform float jitterSize;

void main() {
vec2 FragCoord = gl FragCoord.st / screenSize;
vecd closest = texture2D(coordTex, FragCoord.st);

vecd closestColor = texture2D(colorTex, closest.st);

vec2 min box = FragCoord - jitterSize;
vec2 max_box = FragCoord + jitterSize;

vec2 increment = vec2(1.0f) / screenSize;

vec4 incrementColor = vec4(0.0f);
for (float h = min box.y; h < max box.y; h += increment.y) {
for (float w = min_box.x; w < max_box.x; w += increment.x) {
vec2 ref uv = vec2(w, h);
if (ref uv.s < 0.0 || ref uv.s >= 1.0f || ref uv.t < 0.0 || ref uv.t >= 1.0f)
continue;

closest = texture2D(coordTex, ref uv.st);
float radius = distance(closest.st, ref uv.st);
float dist i to p = distance(FragCoord.st, ref uv.st);
if (radius < dist i to p)

continue;

vecd ref closestColor = texture2D(colorTex, ref uv.st);

incrementColor += vec4(ref closestColor.xyz, 1.0f);

if (incrementColor.a > 0.0f)
outColor = vec4(incrementColor.rgb / incrementColor.a, 1.0f);
else

outColor = closestColor;
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bunny 72,027 144,046
Vokselia spawn 863,521 1,875,632
Rungholt 3,289,722 6,704,264
Eye exam 25 32
House 85,900 126,248
Earth 482 960
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Full ray tracing Foveated ray tracing
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Number ofrays = 45.93%

Number of rays = 41.97%

Number ofrays = 31.38%



Full ray tracing Foveated ray tracing
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Number of rays = 30.53%

Number of rays = 31.92%
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Reconstructed image Full shading image

I8 40. A5y A 1. (sampling rate = 41.97%)
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Sparse shading

Reconstructed image Full shading image

a9Y 41. A58 A3} 2. (sampling rate = 25.95%)
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Sampling pattern Sparse shading

Reconstructed image Full shading image

a3 42. A58 A3 3. (sampling rate = 31.38%)
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Sampling pattern
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Reconstructed image Full shading image
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Sparse shading

Reconstructed image

I8 44. A6Y A3} 5. (sampling rate = 31.92%)
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Sampling pattern Sparse shading

Reconstructed image Full shading image

a3 45. A9y A3} 6. (sampling rate = 30.53%)
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