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Abstract—Compared to still image editing, content-based video editing faces the additional challenges of maintaining the
spatiotemporal consistency with respect to geometry. This brings up difficulties of seamlessly modifying video content, for instance,
inserting or removing an object. In this paper, we present a new video editing system for creating spatiotemporally consistent and
visually appealing refilming effects. Unlike the typical filming practice, our system requires no labor-intensive construction of 3D
models/surfaces mimicking the real scene. Instead, it is based on an unsupervised inference of view-dependent depth maps for all
video frames. We provide interactive tools requiring only a small amount of user input to perform elementary video content editing,
such as separating video layers, completing background scene, and extracting moving objects. These tools can be utilized to produce
a variety of visual effects in our system, including but not limited to video composition, “predator” effect, bullet-time, depth-of-field, and
fog synthesis. Some of the effects can be achieved in real time.

Index Terms—Video editing, refilming, depth estimation, composition, background completion, layer separation.
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1 INTRODUCTION

THE wide availability of portable video capturing devices
allows home users to access the image/video contents

in daily life. This can be evidenced by the fact that more and
more home videos are shared and broadcasted over the
Internet. Nevertheless, compared to the advancement of the
image editing algorithms (e.g., inpainting, segmentation,
and matting), the development of the content-based video
editing is still left far behind in terms of the diversity,
practicability, and user-friendliness. A major difficulty
comes from the multiframe nature of a video that requires
high temporal consistency over frames. Unfortunately, such
consistency is widely known as challenging to maintain due
to the difficulty in acquiring the accurate geometry.

In the film industry, the typical solution to creating a
visually plausible video editing result is to use specially
designed equipments and set up a user-controlled environ-
ment. The typical configurations include blue screen back-
ground and motion capture. To enable the modification of
video content, 3D models are usually constructed, rendered
with carefully tuned lighting, and overlaid onto the video.
All these procedures involve manual intervention by skilled
professionals. Attempts have been made recently by van
den Hengel et al. [1] to design a more user-friendly video
editing system for interactively constructing 3D models.
However, creating a 3D model with sufficient geometry
details, e.g., a tree with many leaves, is still intractable, as a
large number of fine objects need to be modeled from
sparse feature points.

In this paper, we propose a new system for editing
casual videos without explicitly reconstructing 3D geome-
try models. The input single or multiple video clips are
allowed to be taken by a handheld moving camera. Our
system contributes in the following respective areas: We
describe an efficient level-expansion algorithm to increase
the precision of the depth estimates obtained from the
algorithm of Zhang et al. [2]. The output from this step is a
set of temporally consistent dense depth maps that are
accurate enough to maintain sharp object boundaries. Based
on these depth estimates, we introduce a few elementary
video editing tools, allowing the user to locally modify the
object color and structures.

The first tool is for inferring the missing depth and color of
the background pixels through an information propagation
process over the video frames. Then, we introduce a robust
moving object (sprite) extraction method taking account of
both the depth and the color information. The depth of the
extracted sprite is also inferred and represented by a 3D
plane. Finally, we describe a method to naturally separate the
static background into fine layers. With these tools, a
spectrum of special effects, such as depth-of-field, fog
synthesis, view interpolation (e.g., bullet-time effect), �pre-
dator� effect (camouflaging effect), and video composition,
can be created. Fig. 1 shows a set of these refilming effect
examples. Our semiautomatic depth estimation in the system
does not make visual effect generation in a frame-by-frame
manner, and thus, reduces the possible user interactions. It
benefits not only professionals, but also novice home users to
produce visually appealing effects without requiring sig-
nificant cost and manpower.

2 RELATED WORK

In video editing, several interactive image/video segmenta-
tion/matting techniques [3], [4], [5], [6], [7], [8], [9], [10], [11]
have been developed. Most of them only use the color
information or require special camera configurations. In
video matching, Sand and Teller [12] proposed to produce
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spatiotemporal alignment between two videos following
spatially similar camera trajectories. The 2D motion
information is used in this method to align video frames.
This method is not applicable to a single video input. Given
two video sequences of different scenes acquired with
moving cameras, Xiao et al. [13] proposed seamlessly
transferring a static 3D object from one sequence to the
other. However, they did not discuss the problem of
registering moving objects.

Recovering the camera motion is essential for video
editing. This can be achieved using the structure-from-
motion (SFM) techniques. The state-of-the-art SFM algo-
rithms can automatically recover sparse 3D points and
camera position for a large class of camera motions [14],
[15], [16]. Our system employs the SFM method of Zhang et al.
[16]. For content-based video editing, using SFM to compute a
sparse set of 3D points is not sufficient as it does not resolve
the geometrical relation of the scene. van den Hengel et al. [1]
introduced an interactive approach to build 3D models from a
video. However, for complex natural scenes (e.g., a tree with
many leaves), such an interactive reconstruction becomes
labor intensive and may not even be tractable.

Given an input of multiple images, dense depth maps can
be estimated by multiview stereo algorithms [17], [18], [19],
[20], [21]. However, these methods compute the depth map
for each frame independently and may not preserve temporal

consistency. Kang and Szeliski [22] addressed this problem
by simultaneously optimizing a set of depth maps at multiple
key frames, by adding a temporal smoothness term. Most
recently, Zhang et al. [2] proposed a bundle optimization
method to reconstruct temporally consistent video depth
maps. In our system, we improve this method by dramati-
cally increasing the depth precision without introducing
much computational overhead. Bhat et al. [23] introduced an
image video framework for automatically enhancing videos
using several high-resolution photographs. This method is
also limited to only handling the videos of static scenes.

3 CREATING DEPTH VIDEO

Fig. 2 illustrates an overview of our system. The input can be a
single or multiple video clips. Our system automatically
recovers the camera parameters and the complementing
depth video. With these view-dependent per-frame depth
maps, we are able to interactively perform sprite extraction,
layer separation, and background completion. Finally, in the
refilming module, various visual effects can be created using
these extracted sprites, separated layers, and backgrounds,
without explicit 3D model/surface reconstruction.

We employ a multiview stereo algorithm to compute the
depth map for each frame, in order to generate a high-quality
depth video. We improve the method of Zhang et al. [2] which
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Fig. 1. (a) The snapshots of the input videos. (b) Image frames show a set of exemplar refilming effects from our system.

Fig. 2. The overview of our system.
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