
Moving Object Removal and Background Completion in
a Video Sequence

Soon-Yong Park1, Chang-Joon Park2, and Inho Lee2

1Computer Engineering Department
Kyungpook National University

Daegu 702-701, Korea
Email: sypark@knu.ac.kr

2Digital Actor Research Team, Digital Content Research Division
Electronics and Communications Research Institute

Daejeon 305-350, Korea
Email: {chjpark,leeinho}@etri.re.kr

Abstract
A computer vision technique is introduced to remove a moving foreground object in a video sequence
for digital post-processing. Recently various digital special effects are employed in generating video
production. This paper introduces one of the digital special effect techniques, moving object removal and
background completion. To find a moving foreground object in a video sequence, we track background
features frame by frame to register background motion. After registration, we extract and remove the
moving object in every frame. The empty region of the object in a frame is completed by background
images transformed from other video frames. Several experiments show that the proposed technique can
be used to employ special effects in digital video post-processing.
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1 Introduction

Recently, it becomes common to employ digital
special effects in making movies and video prod-
ucts. For example, some common digital special
effects are composition of graphic objects, removal
of unnecessary objects, and insertion of virtual ob-
jects to a video sequence. In making a movie, these
tasks are mostly done by using special graphic soft-
wares after complete video sequences are recorded.
Therefore, they are called ’post-processing’. Con-
ventional special effects have been widely used in
film industry for a long period. Nowadays, how-
ever, many digital special effects (DFX) are intro-
duced due to the advance of computer graphics and
computer vision techniques.

Especially, object removal is one of the key tech-
niques in post-processing. If a foreground object
(hereafter object) is captured in a video sequence
by accident or if the object is decided to be un-
necessary, we need to erase the object from the
sequence. Therefore, an object removal technique
should remove the object and replace it with appro-
priate background objects (hereafter background).
Until recently, this kind of task has been done by
human intervention using graphic softwares. To
do such task, a human worker erases the object
frame by frame and fill the empty object area using

background objects from the other frames. In this
reason, post-processing is a very time-consuming
and difficult job in movie making.

This paper introduces an object removal technique
which erases an unnecessary object in a video se-
quence. An empty object region is filled with the
background occluded by the object. The presented
technique can be used as a post-processing tool.
A video sequence can be obtained by a stationary
camera or a moving camera. If a video sequence
is obtained by a stationary camera, it is not diffi-
cult to extract a moving object from the sequence.
In addition, there have been many investigations
already in the area of object tracking, where back-
grounds are mostly assumed to be stationary.

If a camera is moving, however, extraction and
removal of a moving object is not easy due to back-
ground motion. In this reason, there is a small
number of investigations in the area of object re-
moval with moving background. In this paper, we
track corner features in the background frame by
frame. Then we estimate projective homography
between video frames after removing outlying fea-
tures. By registering background images using the
transformations, we extract the object by combin-
ing object correlation and accumulation of frame
difference images. The empty object area is finally
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Figure 1: Diagram of an object removal and
background completion system

completed by its background image found in the
other frames. Figure 1 shows a flow diagram of
our system.

Section 2 presents a literature review in the area
of object tracking, removal and completion tech-
niques for digital special effects. Section 3 and 4
present registration of background images, object
tracking, and object removal and completion. Fi-
nally, Section 5 shows experimental results.

2 Literature Review

More investigations of moving object removal in a
video sequence are introduced recently. A. Agar-
wala et al. [1] semi-automatically extract and track
the boundary features of a moving object. They
apply digital special effects to the tracked object
to generate a new video sequence. They define
keyframes to refine the boundary of the object and
enhance object tracking performance.

Y. Zhang et al. [8] separate foreground and back-
ground objects in multiple layers to extract a mov-
ing foregroud object. This layered approach can
remove a foreground object even it does not move
in a video sequence. Y. Sugaya and K. Kanatani [4]
assume a feature point is an affine transformation
of a 3D feature point and generate a trajectory
vector by stacking 2D coordinates of tracked fea-
tures from all frames. By affine space fitting, they
remove outliers, extract and remove a moving ob-
ject.

Y. Wexler et al. [6] addresses a problem of
completing a moving object which is partly
occluded in a video sequence. They use a
stationary camera to obtain the video frame.
They complete the occluded object areas by filling
empty holes with space-time patches which have
spatio-temporal consistency. P. Sand and S. Telle
[3] use two video sequences to match features
frame by frame. They register two video sequences

and apply special effects such as object removal,
object insertion, and rotoscopy. K. Bhat [2]
extract a moving object from a video sequence by
making a mosaic image of the scene. A. Yamashita
et al. [7] remove noises in a dynamic scene. They
change the direction of a pan/tile camera to
identify and remove the noises. Their approach
can be applied to only adherent noises close to
a video camera. Some commercial products are
also available from ’2d3’ and ’Imageneer Systems’
[10, 11].

3 Background Tracking

To track a moving foreground object in a moving
background, we need to know the motion of the
background. If we know transformations between
all video frames, we can register all frames into a
single mosaic image. Then we restrict our problem
in a stationary image with a moving object. With
respect to the stationary scene, only foreground
object has motion. Therefore, we can track the
object using simple computer vision techniques.

3.1 Background feature matching

Suppose we obtain a video sequence of a mov-
ing object using a moving video camera. In the
video sequence, we know that both background
and background objects are moving but in different
motion. In the background, we assume there are
enough feature information by which we can track
using simple object tracking techniques. Let fB
and fO be the sets of background and object fea-
tures. To obtain fB, we use the ’Gandalf’ computer
vision library and extract corner points from each
video frame.

After enough number of features in each frame are
extracted, they are tracked frame by frame. To
match features between different frames, we use a
simple SSD (sum of squared difference) based fea-
ture matching technique. We define a 7×7 match-
ing window around a feature point, and search
its matching point in the next frame. Two fea-
ture points between adjacent frames are given as
fO(x, y) and fB(u, v). Then SSD error is defined
as follows:

ε =
∑

i,j∈Wm

|fO(x + i, y + j)− fB(u + i, v + j)| ,

(1)
where Wm is the size of matching window. For all
feature points in the first frame, we search their
matching points in the next frame. By considering
corner detection errors, we compute SSD errors of
3×3 neighborhoods of the feature point. Therefore
the computation complexity to match all feature



between two frames are 9× fB× fO. In this reason,
it takes a little long time to find correspondences
of all features. Once we find all correspondences
between two frames, we remove some erroneous
results using a RANSAC algorithm. We assume
distances to all background and foreground ob-
jects are quite far from the camera. Therefore, we
consider the model of our estimation as projective
homography in the RANSAC algorithm.

3.2 2D projective transformation

Suppose there are two images g(t) and g(t − 1)
which are obtained at time t and t−1, respectively.
If the coordinates of two matching points between
two images are (x,y) and (u,v), respectively, the
transformation matrix M is defined as
(

u
v
1

)
= M

(
x
y
1

)
=

(
m00 m01 m02

m10 m11 m12

m20 m21 m22

)(
x
y
1

)

(2)

By setting m22 = 1, the above equation is rewrit-
ten as

u =
m00x + m01y + m02

m20x + m21y + 1
(3)

v =
m10x + m11y + m12

m20x + m21y + 1
(4)

When the number of matching features is more
than the minimum required to compute the matrix,
we can use the linear least squares solution to solve
the over-determined matrix.

4 Moving object tracking

Using a similar technique employed in the back-
ground tracking mentioned in the earlier section,
we track a moving object. Suppose we define a
tracking window WT by manual user intervention
to contain the object. A Windows-based program
is used to initialize the object tracking window.
Let O(t, x, y) be the coordinates of the upper-left
corner of the window. If we know Mt−1,t, transfor-
mation of two video frames obtained at t and t−1,
we can write an equation

O′(t, x, y) = Mt−1,tO(t− 1, x, y) (5)

Because Mt−1,t transforms the background scene
of the tracking window, it does not match with the
motion of the object. Therefore, it needs to search
the object at time t in a search window S(t, x, y)
which is defined around the tracking window. The
matching object window Om(t, x, y) is determined
by the NCC (Normalized Cross Correlation) tech-
nique such that

Om(t, x, y) =
arg maxu,v∈WS NCC(O′(t, u, v), S(t, x + u, y + v)),

(6)

where WS is the region of the search window.
When the coordinates of resulting object at g(t) is
(xt, yt) and at gt − 1 is (xt−1, yt−1), motion of the
object vm(t) = (xt, yt)− (xt−1, yt−1).

The feature matching technique mentioned above
is simple but subject to background noise, object
orientation, and magnification. To solve this prob-
lem, we combine image difference of g(t) and g(t-
1) with the result of the matching technique. To
obtain a difference image, two video frames need
to be registered to a reference frame to compensate
the background motion. By considering g(t) as the
reference frame, we get image difference

Od(t, x, y) = |Om(t, x, y)−O′
m(t− 1, x, y)| , (7)

where

O′
m(t− 1, x, y) = M−1

t−1,tOm(t, x, y). (8)

O′m(t − 1, x, y) is the mapping of Om(t, x, y) to
g(t−1). Od(t, x, y) is then binalized by a predefined
threshold. Similarly, Od(t− 1, x, y) is obtained be-
tween g(t−1) and g(t−2) and a motion vector vd(t)
between two frames is obtained by the centroid
difference of the binarized images, Od(t, x, y) and
Od(t− 1, x, y).

Let us show an example of object tracking in Figure
2. In g(t−1), a rectangular tracking window O(t−
1, x, y) is defined around a moving person. In g(t),
the moving object Om(t, x, y) (a small rectangle) is
detected by the SSD algorithm inside of the search
window WS(t, x, y) (a lager rectangle). Using two
object windows, we obtain an accumulation image
Oa(t, x, y) and a binary image Od(t, x, y) as shown
in the figure. Instead of using image difference
directly, we employ accumulation image Oa to filter
out some high frequency noise in the difference
image [5]. The relationship between Od(t, x, y) and
Oa(t, x, y) is as follows:

Oa(t, x, t) =
(1− wa)Oa(t− 1, x, t) + wa |O(t, x, y)−O′(t, x, y)|
Od(t, x, y) =

{
1 if(Oa(t, x, t) > Td)
0 otherwise

(9)

The centroid of the moving object at time t is
computed from Od(t, x, y).

Using two motion vectors, final motion of the ob-
ject is determined as

v(t) = wmvm(t) + (1− wm)vd(t). (10)

In the above equation, wm is the weighting factor
of vm(t) to determine v(t). We get this from the



Figure 2: An example of moving object tracking

coefficient of NCC. Another factor should be con-
sidered to determine vd(t). In some asymmetric
object, centroid of the object moves the tracking
window out of the object region. This is because
the coordinates of the tracking window are deter-
mined by positioning the centroid at its center. To
cope with this problem, we introduce constraints
to place the object inside the window.

Figure 3 shows an accumulation image of a moving
object. Let (xc, yc) be the centroid of the accu-
mulation image, constants W and H be its width
and height, respectively. In addition, let yu and
yd be the y coordinates of the upper and the lower
boundaries of the image, xl and xr be the x co-
ordinates of the left and the right boundaries of
the image. When we determine the new tracking
window, its boundary along y axis ranges from yc−
H/2 to yc+H/2. However, if yc−H/2 is larger than
yu or yc +H/2 is smaller than yd, the object region
moves out of the tracking window. Therefore, yu

and yd should be considered as the upper and the
lower bounds of the tracking window. Similarly,
xl and xr are the left and the right bounds of the
window.

Figure 3: Tracking boundaries in an accumulation
image

4.1 Background completion

If a moving object is tracked completely in all video
frames, we can remove the object regions in the
frames. The next step is then to fill the empty
object areas with appropriate background images,
which is called ’video completion’. Because the
transformation of each frame with its neighbor-
hood is known already, we acquire a background
image of a removed object from one of the other
frames. Suppose the object region O(t, x, y) needs
to be filled by a background image. Then the
mapping of this region to (t + k) frame is written
as

O′(t + k, x, y) = Mt,t+kO(t, x, y). (11)

If O′(t+k, x, y) does not overlap with O(t+k, x, y),
O′(t + k, x, y) can be used to fill the empty re-
gion of O(t, x, y). In Figure 4 for example, O′(t +
k, x, y), mapping of O(t, x, y) from g(t) to g(t + k)
frame, does not overlap with O(t + k, x, y). How-
ever, O′(t− q, x, y) in g(t− q) frame overlaps with
O(t − q, x, y). Therefore, the empty object re-
gion O(t, x, y) is filled by mapping the image of
O′(t+k, x, y), not by O′(t−q, x, y). Transformation
between g(t) and g(t + k) frames is obtained by
multiplying pair-wise transformations from Mt,t+1,
to Mt+k−1,t+k such that

Mt,t+k = Mt+k−1,t+k · · ·Mt+1,t+2Mt, t + 1. (12)

However, multiplication of the pair-wise transfor-
mations accumulates errors of all frames which re-
sults in a serious accumulation error between the
first and the last frames. To solve this problem,
we first use Equation (12) to get a coarse registra-
tion transformation, and then refine the matrix by
feature matching between the two frames. Using
the coarse registration information, we restrict the
region of feature searching to speed up the regis-
tration process.

Figure 4: Background search to fill empty object
area

Because we are using multiple video frames, back-
ground images of a removed object can be found



in multiple frames. In addition, these frames are
found in both forward and backward directions
from the current frame. Therefore we search two
video frames in forward and backward directions
from the current frame, where the background im-
ages of the removed object are available. Then we
fill the object area with such background image
that is closer to the current frame. If distances to
both backward and forward frames are the same,
we take the average of the two images to fill the
object area. After filling the object area, we also
apply an image blending technique to minimize the
brightness blocking effect at the boundary of the
rectangular area. Along a 10-pixel boundary of the
rectangle, we linearly blend the original image and
the filled image.

5 Experimental results

5.1 Moving object removal

To obtain a video sequence of a moving object,
we use a SONY DCR-VX2000 video camcorder.
We move the camcorder slowly to the same or the
opposite direction of the moving object. To mini-
mize interlaced scan noise, the video is recorded
in progressive scan mode, and saved to an AVI
video file. From an original video sequence, we
take a short video sequence which length is about
100 frame with 720×480 image resolution. Each
frame is then saved to a TIFF image. After object
removal and background completion, all frames are
combined again to generate a new video sequence.

After initializing an object window O(0, x, y) in
the first frame, corner features are extracted in a
background of 300×300 region, placing the object
at its center. A search window WS of the object in
the next frame is also defined in 300×300 region.
If there are P corner features in the current frame
and Q features in the search window, computation
complexity of SSD to find correspondences between
two frames is P ×Q×9. We measure SSD for each
corner feature in the current frame with respect
to 3 × 3 neighborhoods of a destination feature.
This is computationally expensive in that it takes
about 10 seconds to complete all matching between
two frames. Further research should be needed to
speed up the processing.

Figure 5 shows results of the first experiment by
using a video sequence of a moving person. The
sequence consists of total 140 frames and Figure
5(a) shows original images of frame number 10,
40, and 70. In Figure 5(b), red-colored tracking
windows are shown in all frames. Finally in Figure
5, background images are filled in the object areas
in all frames. Figure 6 shows results of the second
experiment. In this experiment, a moving vehicle

is captured in a sequence of 100 video frames. Fig-
ure 6(a) shows tracking windows in frame number
10, 40, and 90. In Figure 6(b), background are
successfully filled in the object areas in all frames.

(a)

(b)

(c)

Figure 5: Removal of a moving person (a) Original
frames (10,40,70) (b) Tracked object window (c)
After background completion

(a)

(b)

Figure 6: Removal of a moving vehicle (a) Tracked
object window (b) After background completion

5.2 Performance comparison

To analyze the performance of our method, we
compare our results with those processed by a
special effect software called ’Mokey’ [11]. We
use the same video sequences to run the software,
remove moving objects, and complete background
images. ’Mokey’ initializes an object area with
a deformable template. In addition, it assumes
the object template is continuously deformed with
affine or perspective transformation. This factor
makes it difficult for the software to track any
object which shape changes arbitrarily frame by
frame. For example as in Figure 7(a), ’Mokey’



fails to track a walking person, a turning vehicle,
and an occluded moving person.

In contrast, our method uses a rectangular tracking
window and it is robust to any change of the object
shape, even while it is being tracked. As shown in
Figure 7(b), we successfully track all three moving
objects. Because background completion is per-
formed in the object area only, results of ’Mokey’
shows some parts of objects are remain in a new
video sequence (not shown in this paper due to
page limit). In contrast, our results remove and
fill object areas accurately as shown in Figure 6.

(a)

(b)

Figure 7: Comparison with a commercial software
(a) Mokey results (b) Our results

Table 1 shows some properties used in our experi-
ments and processing time for three objects. Find-
ing correspondence in object tracking and multi-
view registration take most of processing time due
to heavy computation. We may use a fast matching
algorithm to speed up the processing.

Table 1: Object window size and processing time

Object person1 vehicle person2

Total frames 140 192 100
Frame size 720×480 720×480 720×480

Tracking window 53×55 161×88 92×110

Processing BT 9.1 14.4 12.1
time OT 2.5 3.4 3.4
(sec) BC 41.2 54.1 48.6

BT: background tracking, OT: object tracking, BC:
background completion
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7 Conclusions

We present a computer vision technique to remove
a moving object in a video sequence. A new video

sequence is generated by filling the empty object
area with its background image. To track the mov-
ing object, background features are tracked frame
by frame using a SSD-based feature matching tech-
nique. After registering background images, we
extract the moving object from each frame. To
compensate erroneous feature matching, we em-
ploy the RANSAC algorithm and an accumulation
image of frame difference. Compared to the results
from a commercial software, our technique shows
better performance in object tracking and removal.
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