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Figure 1: Our method computes an alignment of two contours (a), which allows us to position and orient a planar billboard
(b) and to create a non-planar 3D billboard (c). The input figures in (a) are from [YOWI10].

Abstract

In this work, we present a method for computing 3D contours from the silhouettes of objects in multiple views. Our
approach unwraps contours into 1D signals and computes an efficient, globally optimal alignment using a modified
dynamic time warping technique. Using our method, we can approximate real model geometry by interpolating
the 3D contour on the billboard plane, thereby reducing the stereo problem to 1D and allowing for much more

efficient and robust computation methods.

Categories and Subject Descriptors (according to ACM CCS): 1.4.9 [Image Processing and Computer Vision]:

Applications—

1. Introduction

Virtual view synthesis (VVS) describes the process where
novel views of a scene are generated from virtual cameras.
One difficulty of VVS is efficiently acquiring accurate scene
geometry. Planar billboards are commonly used as a simple
geometric proxy. Objects are first segmented from an input
image and then projected onto planar billboards (see for ex-
ample [HS06]). In this work we introduce a method to effi-
ciently compute non-planar 3D billboards. Another impor-
tant contribution of this work is the application of dynamic
time warping (DTW), originally introduced in [BK59], to
the stereo correspondence problem.

First, our method takes two input images from differ-
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ent stereo views and an object segmentation. From the seg-
mented images we extract the 2D contours (a list of points
on the boundary of the silhouette) and we compute the align-
ment (correspondences) using a modified DTW method (see
Figure 1(a)). From the alignment, we triangulate the 2D con-
tour points obtaining a 3D contour, and then we fit a sur-
face through it obtaining a 3D billboard (see Figure 1(b) and

1(c)).

2. Alignment

Dynamic Time Warping DTW is a method based on dy-
namic programming for finding the best alignment between
two 1D signals. We use DTW to align two 2D contours
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from different views: ¢;(iy) € R? with i; = 1,...,N; and
c(ir) € R? with ip = 1,...,Ny. For each alignment a cost is
defined and the goal is to find the alignment with the small-
est cost. The cost of an alignment is defined as the sum of
the distances ®(i, j) between the pairs of matched contour
points ¢; (i) and ¢;(j). Given two contour points ¢; (i) and
¢ (j) we propose the following distance:

CI)(i’j) = dpatch(iaj)+7‘depipolar(i:j) ey

dparen(i, j) is defined as the sum of the color differences be-
tween two windows centered at the contour points ¢; () and
€2(J)- depipotar(i, j) is based on the distances between point
¢ () and the epipolar line of ¢; (i) and vice versa.

DTW fills a N;xN, matrix X in scan-line order, where
each entry X(u,v) stores the minimum cost of aligning the
contour points ¢;(i;) with iy = 1,...,u and ¢;(ip) with
ip = 1,...,v. Each entry (u,v) of the matrix X is computed
by evaluating ® at (u,v) and by considering only already
computed neighboring entries. The cost of the best align-
ment is in the entry X(N,N;), and the optimal alignment
can be obtained from X. The running time of DTW is then
in O(NN,).

Modified Dynamic Time Warping A limitation of DTW
is that the starting points of the two 2D contours must be
known. Since this information is not available, we have de-
veloped a modified DTW where we wrap the second contour
around the first twice, and compute the best alignment over
all starting points simultaneously. For this purpose a matrix
X’ of size 2N} x N, is computed similarly to X.

Optimization = Most of the running time of the modi-
fied DTW is spent in constructing the matrix X’ and more
specifically in evaluating ®. In order to reduce the running
time we have implemented three improvements. First, ® is
saved when evaluated in order to avoid to compute it twice.
Second, we keep an upper bound of the alignment cost in
order to prune the propagation of partial contours above
this bound. Third, we have developed a special criteria that
avoids to propagate unlikely partial contours.

Alignment filtering A filter has been specifically designed
to cope with alignment errors that occur when a 2D contour
region in one view is not present in the second view.

3. 3D Billboard

Given two corresponding 2D contour points the 3D point is
obtained by intersecting rays in world space. We can use this
set of 3D points to help with several VVS tasks.

Billboard location and orientation For VVS, billboards
must be correctly placed in 3D world coordinates, to allow
for rendering novel views. One possibility would be to con-
sider the mean of the 3D points. In the case of reconstructing
standing people, we determine billboard locations by consid-
ering only the leg contour points (established as points near

the ground whose neighbors are vertical), which we found to
give robust billboard placement locations.

Besides the position of the billboard we can also compute
the orientation of the billboard around a vertical axis by ap-
plying principal component analysis (PCA) to the projection
of the 3D contour points onto an horizontal plane (see Fig-
ure 1(b)). The first PCA component defines the major axis,
and will be the best approximation for a planar or near planar
billboard orientation.

3D Billboards Once we have defined the position and ori-
entation of the planar billboard, we can use the 3D contour
points to create an offset from the planar billboard. We in-
terpolate all positions within the contour using normalized
convolution. For standing people we additionally inflate the
interior of the 3D billboard: the more interior a point is, the
more inflation it gets until a certain limit (see Figure 1(c)).

4. Conclusion

In this work, we have presented a simple and efficient way
to enhance billboard rendering accuracy by integrating some
3D information. A modified DTW method has also been pro-
posed for solving a 1D version of the stereo problem with
unknown starting correspondences, and several efficiency
optimizations.

However, our method is not without limitations. Our as-
sumption that the contour points match in two views can be
violated when camera positions are too far apart. In this case,
we have proposed a filtering approach to remove these con-
tour points.

Future work would be to investigate combining additional
cameras to reduce fitting ambiguities, using more compli-
cated geometric representations driven by our 3D contours,
and exploring in greater detail what the theoretical bounds
are on VVS for different objects given semi-planar geomet-
ric representations.

For more details about our work see [CSW13].
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