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Abstract

Palomo, C. M.; Gattass, M.. Interactive image-based render-
ing for virtual view synthesis from depth images. Rio de
Janeiro, 2009. 52p. Dissertacao de Mestrado — Departamento de
Informatica, Pontificia Universidade Catolica do Rio de Janeiro.

Image-based modeling and rendering has been a very active research topic
as a powerful alternative to traditional geometry-based techniques for image
synthesis. In this area, computer vision algorithms are used to process and
interpret real-world photos or videos in order to build a model of a scene,
while computer graphics techniques use this model to create photorealistic
images based on the captured photographs or videos.

The purpose of this work is to investigate rendering techniques capable of
delivering visually accurate virtual views of a scene in real-time.

Even though this work is mainly focused on the rendering task, without the
reconstruction of the depth map, it implicitly overcomes common errors in
depth estimation, yielding virtual views with an acceptable level of realism.
Tests with publicly available datasets are also presented to validate our

framework and to illustrate some limitations in the IBR general approach.

Keywords

Image-based rendering. Blending. GPU programming. Depth im-

ages.
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Resumo

Palomo, C. M.; Gattass, M.. Renderizagao interativa baseada
em imagens para sintese de vistas virtuais a partir de ima-
gens com profundidade. Rio de Janeiro, 2009. 52p. Dissertagao
de Mestrado — Departamento de Informatica, Pontificia Universi-
dade Catodlica do Rio de Janeiro.

Modelagem e renderizagao baseadas em imagem tem sido uma area de
pesquisa muito ativa nas ultimas décadas, tendo recebido grande atengao
como uma alternativa as técnicas tradicionais de sintese de imagens
baseadas primariamente em geometria. Nesta area, algoritmos de visao com-
putacional sao usados para processar e interpretar fotos ou videos do mundo
real a fim de construir um modelo representativo de uma cena, ao passo que
técnicas de computacao grafica sao usadas para tomar proveito desta rep-
resentacao e criar cenas foto-realistas.

O propésito deste trabalho é investigar técnicas de renderizacao capazes de
gerar vistas virtuais de alta qualidade de uma cena, em tempo real. Para
garantir a performance interativa do algoritmo, além de aplicar otimizacoes
a métodos de renderizacao existentes, fazemos uso intenso da GPU para o
processamento de geometria e das imagens para gerar as imagens finais.
Apesar do foco deste trabalho ser a renderizacao, sem reconstruir o mapa
de profundidade a partir das fotos, ele implicitamente contorna possiveis
problemas na estimativa da profundidade para que as cenas virtuais geradas
apresentem um nivel aceitavel de realismo.

Testes com dados publicos sao apresentados para validar o método pro-
posto e para ilustrar deficiéncias dos métodos de renderizacao baseados em

imagem em geral.

Palavras—chave

Renderizagao Baseada em Imagens. Composi¢ao. Programacao em

placas graficas. Mapa de profundidade.
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Skin and hair rendering are examples of challenges to purely
geometry-based approaches.
Plenoptic function.

Bullet-time effect shows the necessity of counterbalancing the
number of input cameras and quality of rendered images.

IBR goals: establish mapping between representation and image
screen, and blend.

Layered Depth Images [30]. Input images (left) used to generate
the layered representation of a scene (top right). It allows for
reconstruction of views free from disocclusion problems (bottom).
View-dependent texture mapping [11]. Input images are projected
onto reconstructed architectural model, and assembled to form a
composite rendering. Top two pictures show images projected onto
model, lower left shows results of blending those two renderings,
and lower right shows final result of blending a total of 12 original
images.

Kanade et al's Virtualized Reality geodesic dome [17].

Goldliicke results [13]. The regular triangular mesh causes inaccu-
rate appearance at the vicinity of depth discontinuities.

Camera setup in Zitnick et al [38]. Eight cameras are used to
capture 1024x768 images, synchronized with commissioned PtGrey
concentrator units.

Rendering results for Zitnick et al [38]: (a) main layer M from
one view rendered, with depth discontinuities erased; (b) boundary
layer B rendered; (c) main layer M for other view rendered; (d) final
blended result.

Imaging process in the pinhole camera model: image formation
is a sequence of transformations between coordinate systems. We
ignore here radial distortion.

Example of a depth image: color image + dense depth map. Darker
pixels in depth map mean greater depth. Courtesy of Zitnick et al
[38].

3D warping process. First, 3D mesh generated using depth map
from reference camera C; is unprojected to global coordinate
system. Then, mesh is projected into a virtual view using camera
Clirtual Projection matrix.

3D warping result. Depth image (pair of images to the left) from
a reference camera is projected into a virtual view (right image)
using the described 3D warping process. In this case, virtual camera
Clirtuar Was placed slightly to the right of reference camera C;.
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3D warping artifacts due to discontinuity in depth. The continuity
assumption in depth map does not hold at objects’ boundaries,
which causes undesirable artifacts in the form of stretched triangles
in warped view. When depth map (left) is warped to new viewpoint,
the region to the right of the ballet dancer reveals occluded areas.
3D warping to a new viewpoint, with occluded regions drawn in
black thank to our labeling schema.

Example of cameras setup: input cameras arranged along a 1D arc,

Navigation of virtual camera C;,4ua restricted to the lines linking
center of adjacent pair of input cameras.

Virtual camera’s parameters can be determined as a linear interpo-
lation of adjacent pair of cameras.

Blending algorithm. Two reference views C; and C;. 1, adjacent to
virtual viewpoint Cy;,t4q:, are used in composition stage.

Cases considered in the compositing process.

Frontier r between regions A and B may become undesirably visible
due to the stepped behavior of our compositing algorithm and there

exist photometric (e.g. gain) differences in cameras used for capture.

Visible seams between occlusion and blended areas, to the right
and to the left of woman's head.

Conceptual algorithm for novel view synthesis.

Vertex-buffer object used for improving performance during mesh
generation.

Reference view rendering into a FBO, using vertex and fragment
shaders.

Influence of angular distance in reference camera’s contribution
during compositing.

Penalty for pixels marked occluded based on angular distance.

Sample data from Ballet (left) and Breakdancers(right) sequences:
color images on top, and corresponding depth images below [38].
Synthesized images for one frame of ballet sequence. Left and mid-
dle columns respectively correspond to cameras’ 5 and 4 warping
results, and right column is the final result. First row: occlusion ar-
eas not identified and rubber sheets appear. Second row: we apply
the proposed labeling approach.

Synthesized images for one frame of breakdancers sequence. Left
and middle columns respectively correspond to cameras’ 3 and 2
warping results, and right column is the final result. First row:
occlusion areas not identified and rubber sheets appear. Second
row: we apply the proposed labeling approach.

Virtual camera positioned coincidently with camera’s 5 position in
ballet sequence, and cameras 5 and 6 used as reference cameras.
Left column: original image. Middle column: synthetic image. Right
column: differences between real and synthetic images. Negated for
ease of printing: equal pixels in white.
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Virtual camera positioned coincidently with camera’s 5 position in
ballet sequence, and cameras 5 and 6 used as reference cameras.
Left column: original image. Middle column: synthetic image. Right
column: differences between real and synthetic images. Negated for
ease of printing: equal pixels in white.

Close-up of rendering result for frame 48 in ballet sequence. Left
column: original photo from camera 7. Middle column: estimated
depth map. Right column: visible seams below dancer caused by
wrong depth estimates.

Close-up of rendering result for frame 88 in breakdancers sequence.
Left column: original photo from camera 7. Middle column: esti-
mated depth map. Right column: visible seams close to dancer's
foot caused by wrong depth estimates.

Close-ups of rendering artifacts (shadowing) for frame 48 in ballet
sequence and frame 88 in breakdancers sequence.

Close-ups of rendering artifacts (due to matting absence) for frame
48 in ballet sequence and frame 88 in breakdancers sequence.

6.10 Render time X input images’' number of pixels.
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