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Abstract We present a real-time video-based rendering system using a network camera array. OQur
system consists of 64 commodity network cameras which are connected to a single PC through Gbit
Ethernet. To render a high-quality novel view, we estimate a view-dependent per-pixel depth map in
real-time based on a layered representation. The rendering algorithm is fully implemented on GPU,
which allows our system to efficiently perform independent and parallel processing of CPU and GPU.
Our system renders free-viewpoint videos at 24 fps using QVGA input video resolution. Experimental
results show high-quality images synthesized from various scenes.
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Fig.1 Our camera array system.
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Fig.3 Software architecture and data flow of our system.
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Fig.4 Example images from Meeting room sequence. (a) Input 64 images. (b, c) Output synthesized images and

their corresponding depth maps from different viewpoints.
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and Juggling sequence (bottom row).
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Fig.5 Comparison of color interpolation method. Syn-
thesized images using (a) average interpolation and

(b) bilinear interpolation. (c) Camera grid.
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I Allocate texture memory on GPU

Texture tLayer, tCurOptDepth, tCurOptlmage, tPrevDepth;
Texture tInputImage [64];

Texture tBilinearWeight; // Inited with weight values

/I Start rendering a novel view
RenderNovelView (viewpoint) {
for_each (inputCamldx)
UploadTexture (tInputlmage [inputCamlIdx]);

for_each (depthLayer) {
// Render a layer
SetFragmentProg (CALC_COST_INTERP_COLOR);
/f Neighboring 4 cameras are used for the target light
/I rays passing within the positions of the cameras
for_each (neighbor4Cameras) {
for (idx = 0; idx = 4; ++idx) {
camldx = FindCamldx (neighbor4Cameras, idx);
SetMatrices (viewpoint, CalibParams {camldx]);
ProjTextureMap (tInputlmage {camlIdx]);
/I The weight texture is mapped with different
/! directions for each index
ProjTextureMap (tBilincarWeight);
}

}
ReadFrameToTexture (tLayer);

/I Set matrices to orthogonal, for applying the same
/] instructions for each pixel in the textures
SetMatrices (Orthogonal2D);

I Smooth the cost, and select the depth with the
I/l minimum cost

SetFragmentProg (SMOOTH_COST_RECON_DEPTH);

TextureMap (tLayer, tCurOptDepth, tPrevDepth);
ReadFrameToTexture (tCurOptDepth);
/! Store the estimated depth map for the next iteration
if (last depth layer)

ReadFrameToTexture (tPrevDepth);

/[ Select the color with the minimum cost
SetFragmentProg (COMPOSITE_LAYER);
TextureMap (tLayer, tCurOptDepth, tCurOptImage);
ReadFrameToTexture (tCurOptlmage);

A1 BEGERTATY XAOEL=— R
Fig.A-1 Pseudo code of our rendering algorithm.
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CALC_COST_INTERP_COLOR {
/l Calculate color consistency cost
cost = Sum ¢, g, b (Variance ; (tInputlmagefi].c));
// Interpolate color
color = Sum; (tInputlmagefi].rgb * tBilinearWeight[i});

// Output the calculated values to (RGB, A) channels
Il of the frame buffer
Output (color, cost);

}

SMOOTH_COST_RECON_DEPTH {
I/l Smooth cost in the neighborhood window W
smoothCost = Average w (tLayer.a);

// Temporal depth smoothing
if (current depth value != tPrevDepth)
smoothCost += A;

if (smoothCost < tCurOptDetph.a)
Output (current depth value, smoothCost);
else
Output tCurOptDepth;
)

COMPOSITE_LAYER {
if (tCurOptDepth.a < tCurOptImage.a)
Output (tLayer.rgb, tCurOptDepth.a);
else
Output tCurOptImage;

MA2 77374070y Ts08Ha—k
Fig. A-2 Pseudo code of the fragment programs.
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