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Abundance of video data calls for more easy-to-use video editing
tools. A basic editing operation is to paste a user-specified portion
of another image or video onto the existing video footage. This
works well for images, however for video sequences the problem
is harder because usually one has to estimate the motion of the un-
derlying object shapes, changes in lighting conditions, and possible
occlusions. This sketch introduces a simple user-controlled video
editing system that tracks and replaces patches of video sequences
with a specified replacement texture.

Our main contribution is to introduce a multi-level template track-
ing procedure extending the approach of [Guskov 2006], and show
its applications within a video patch pasting system with simple
user interface. Our system can handle large frame-to-frame motions
of the underlying shapes and imperfect matching of the template re-
gions. The final rendered result uses Poisson-based gradient fitting
method to blend the replaced portion seamlessly with the rest of the
sequence.

Figure 1: Left: tracking targets, right: warped replacement grid.

Recently, there appeared several approaches for superimposing of
images onto a video sequence. Most of them track the underlying
geometry and warp a mesh based on the estimated motion. The
main difference lies in the tracking capabilities of the proposed
methods: Pilet et al. [2005] use a fast keypoint detection procedure
for robust tracking of non-rigid surfaces, with impressive real-time
performance. However this approach requires a lengthy preprocess-
ing stage for every template, which reduces its attractiveness for in-
teractive editing. It is not clear how the method performs for imper-
fectly matched texture regions. Bartoli et al. [2004] propose to use
a non-rigid factorization for the set of correspondences established
by point and curve feature tracking. For near-regular textures, the
work of Lin [2005] uses an MRF based approach for superimposing
images onto tracked geometry. The main difference between these
approaches and our work is the ability of our system to handle noisy
and imperfectly matching features during the tracking process.

In our approach, a user session starts by specifying template target
masks for the image regions to be tracked and a replacement cutout
mask for the image region to be replaced both done using a brush
tool on a frame from the input video sequence. Then, a tracking
routine is invoked that performs template alignment for the spec-
ified template collection for all the frames of the input video se-
quence. The tracking results can be visualized by the motion of in-
dividual templates, or by the corresponding warping of the replace-
ment patch. The warp is computed by blending the transformations
of all the relevant templates, with weights determined locally by
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the distances from the particular cutout patch point to each tem-
plate area. A grid covering replacement patch is warped by storing
the barycentric coordinates of each grid vertex with respect to each
target triangle. In each consecutive frame, new image plane posi-
tions of grid vertices are computed with respect to warped targets,
and blended using the weights determined in the first frame, similar
to the morphing approach of [Beier and Neely 1992]. Some of the
tracking targets do not affect the cutout warping directly; instead
they are used for a more robust tracking of the collection of targets.
For instance, in Figure 1 the two smaller templates are used for
warping the replacement patch, whereas the bigger template with
coarsely sampled blob texture is used to improve the robustness of
tracking under large motions.

Once the user is happy with the tracked collection, she can replace
the cutout image by an arbitrary part of another image. The user
specifies a warp between the replacement image and the cutout
patch with the help of a warping grid adjusted on the replacement
image plane. Finally, the system renders the video with the cutout
region replaced by an adjusted version of the replacement image
patch. The adjusted color mask matches the gradients of the warped
replacement image inside the warped cutout region and satisfies
the boundary conditions coming from the input video frame [Pérez
et al. 2003]. We also find it necessary to perform a user-specified
rescaling of the gradients to adjust the contrast of the replacement
image to the contrast of the input video sequence. Since our motion
estimation procedure is able to handle blurred video sequences, we
also added the capability to add motion blur to the rendered replace-
ment patch.

We evaluated performance of our system on several replacement
tasks shown in the accompanying video. The current bottleneck of
the sequence is the tracking stage: currently a single template prop-
agation in one frame takes 1.5 seconds on average (measured on
a 3GHz Pentium 4 Windows XP workstation). On a sixty-frame
video clip, a typical user session would include a minute of inter-
active mask specialization, followed by a minite or two of fully
automatic tracking. After the tracking, the user can try several re-
placement images or video sequences in a fully interactive mode,
varying the parameters of the Poisson fill and motion blur.
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