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ABSTRACT

An image and video retargeting algorithm using an
adaptive scaling function is proposed in this work. We
first construct an importance map which uses multi-
ple features: gradient, saliency, and motion difference.
Then, we determine an adaptive scaling function, which
represents a scaling factor of each column in the source
image. Finally, the target image is constructed with
a weighted average filter using those scaling factors.
Moreover, we extend this algorithm to video sequence.
Simulation results demonstrate that the proposed algo-
rithm provides better results than conventional retar-
geting methods.

1. INTRODUCTION

Recently, as users can access multimedia contents with
various devices, including mobile phones, portable mul-
timedia players, and televisions, the demands for effec-
tive resizing techniques have been increased. For ex-
ample, movie contents are often manufactured with an
aspect ratio of 2.35:1, but may be consumed on multi-
media display devices with different aspect ratios such
as 4:3 or 16:9. Retargeting methods are employed to
fit the sizes of contents into those of devices. Conven-
tional approaches include the scaling, cropping, and let-
ter box methods. However, when an image is scaled,
object shapes can be distorted if the aspect ratios of the
original and retargeted images are different. The let-
ter box method preserves the aspect ratio, but it makes
it difficult to perceive objects when the target display
is small. The cropping method also has a problem that
the visual information of cropped regions is lost entirely.
Figure 1 illustrates the scaling and cropping methods.
Several algorithms have been proposed recently to
overcome these limitations and resize images and videos
in a content-aware manner. Liu and Gleicher [1] pro-
posed an image retargeting algorithm using fish-eye view
warping. Their algorithm detects a region of interest
(ROI) based on a saliency map and face detection re-
sults, and then warps the region outside the ROI while
preserving the ROI. It is simple but causes distortions in
the warped region, yielding unnatural images. Avidan
and Shamir [2] proposed the seam carving algorithm,
which finds a monotonic and connective path, called
seam, that is the least noticeable. Seams are carved
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Figure 1: An original image in (a) is retargeted using
(b) the scaling method and (c) the cropping method.

out iteratively, until the remaining image has the tar-
get size. In [3], the seam carving is extended to video
retargeting using two-dimensional seam manifolds. The
seam carving provides impressive results, but it also has
limitations. When a target size is too small, important
objects are carved out and the image becomes distorted.
To avoid carving out important regions, a hybrid algo-
rithm, which switches modes between the seam carving
and the conventional scaling, is proposed in [4]. Re-
cently, Kim et al. [5] proposed a retargeting algorithm
based on Fourier analysis. It first divides an image
into strips according to image contents. Then, it scales
each strip differently to minimize the sum of distortions,
which are modeled in the frequency domain.

Liu and Gleicher [6] proposed an adaptive video
cropping algorithm, which moves a cropping window
based on image saliency, motion saliency, and face detec-
tion results. Deselaers et al. [7] improved the adaptive
cropping by employing zooming operations as well. Wolf
et al. [8] described the retargeting process from a source
image to a target image as a system of linear equations
and solved the system in the least square manner. Their
algorithm also uses local saliency, face detection, and
motion detection results to define the system of equa-
tions.

In this work, we propose an image and video retar-
geting algorithm. The proposed algorithm first com-
putes an importance map based on gradient, saliency,
and motion difference features. Then, it determines the
scaling factor of each column adaptively so that more
important columns are preserved, while less important
columns are downsampled. The target image is con-
structed using a weighted average filter, which employs
the adaptive scaling factors as weights. Simulation re-
sults demonstrate that the proposed algorithm resizes
images and video more effectively than the conventional
algorithms.
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Figure 2: An overview of the proposed algorithm. The proposed algorithm computes the adaptive scaling function
based on the importance map, and then constructs the target image using a weighted average filter.

The paper is organized as follows. Section 2 de-
scribes the proposed algorithm, and Section 3 provides
retargeting results in comparison with the conventional
algorithms. Finally, Section 4 concludes the paper and
discusses future work.

2. PROPOSED ALGORITHM

Figure 2 shows an overview of the proposed algorithm.
First, the proposed algorithm extracts an importance
map, describing the regional importance of the source
image. Second, based on the importance map, the pro-
posed algorithm computes an adaptive scaling function.
Third, the proposed algorithm constructs the target im-
age using a weighted average filter.

In this section, for the sake of simplicity, we assume
that a source image of width Wi, is resized in the hor-
izontal direction only to make a target image of width
Wout, where Wy < Win. However, the extension to
vertical resizing is straightforward.

2.1 Importance Map

The importance map [ is defined as a weighted sum of
three feature maps: gradient map Iq, saliency map Ig,
and motion difference map I;.

I =wglg +wsls +wnln, (1)

where wg, wr, and wys are weighting parameters. In
this work, those parameters are fixed equally to 1/3.
Figure 3 illustrates how these three maps compose the
importance map.

2.1.1 Gradient Map

The human visual system is more sensitive to complex
regions containing edges than to flat regions. Therefore,
we extract a gradient map from the source image to
represent the edge information. We acquire the gradient
map from the gradient magnitude of each pixel, given
by

VPGl = % (2rwn) +(Lren) ©
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Figure 3: An example of importance map: (a) input
frame, (b) gradient map, (c) saliency map, (d) motion
difference map, and (e) importance map.

where the partial derivatives are approximated by the
Sobel operators.

2.1.2 Saliency Map

We also use a saliency map, which has been proposed in
various forms [9, 10, 11]. Ma and Zhang [9] used con-
trast information to extract a saliency map, Hou and
Zhang [10] used the log-spectrum, and Itti et al. [11]
used luminance, color, and orientation features. In this
work, we adopt the Itti et al.’s algorithm, in which fea-
ture differences are computed in multiple scales with a
Gaussian pyramid. Then, the differences are combined
to construct the saliency map.

2.1.83 Motion Difference Map

In the case of video signals, the human visual system is
also sensitive to object motions. Thus, we detect object
motions and assign higher importance values to mov-
ing objects. For computational simplicity, we obtain
frame differences instead of estimating the optical flow.
In other words, absolute pixel differences between two



adjacent frames represent motion activities in this work.

2.2 Adaptive Scaling Function

Using the importance map, we derive an adaptive scal-
ing function s(z), which represents the scaling factor of
the zth column in the source image.

2.2.1 Initialization

First, we add up the importance values within each col-
umn of the importance map I by

I(@) =) I(z.y). (3)

The column sum I(z) represents the importance of the
xth column. Thus, the scaling factor s(z) of the zth
column should be proportional to the column sum I(x).
Thus, it is initialized by
()
si(z) = =7 Wout,
2, 1(x)

where Wt denotes the width of the target image.

(4)

2.2.2 Normalization

The initial scaling factor s;(z) may be greater than 1.
However, in this work, we assume that the target image
has a narrower width than the source image. Therefore,
the scaling factor should be normalized to have a value
between 0 and 1.

If we simply normalize all initial scaling factors by
dividing them by the maximum factor, the sum of all
normalized factors may not be equal to the target width.
Therefore, in this work, we normalize the initial scaling
factors by

si(x)”

sn(z) = { ;

where v is a variable to be set such that

Z Sn(x) = Wous.

if s;(x)

<1
if s;(z) > 1

(5)

2.2.3 Refinement

Next, we refine the normalized scaling factors to obtain
the final scaling factors s(z). Specifically, the factors
are enhanced so that a large factor becomes even larger,
whereas a small factor becomes smaller.

1
(1-6) (%) ST L0 sy (x) > 6

s(z) = a1
9 [1 _ (—sn(ex)-f-é) 6(19)] if sn(2) < 0

(6)

where the threshold 6 is selected to satisfy the constraint
>, 5(x) = Wou, and 3 is a controllable parameter that
determines the shape of the refinement curve. In this
work, (3 is fixed to 1.4. Figure 4 shows an example of
the refinement curve, when § = 0.5 and § = 1.4. We see
that the scaling factors are amplified if s, (z) > 6, and
reduced otherwise.
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Figure 4: A refinement curve, when § = 0.5 and § = 1.4.
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Figure 5: Target image generation using scaling factors.
Each target pixel is a weighted sum of source pixels, and
the weights come from the scaling factors. If a scaling
factor is not consumed up in a pixel, then the remaining
value is used for the next pixel also.

2.3 Target Image Generation

Given the scaling factor s(x) for each column in the
source image, the proposed algorithm simply fills in each
target pixel with a weighted sum of source pixels, where
the weights come from the scaling factors. If a scaling
factor is not used up for a pixel, the remaining value is
used for the next pixel also.

For example, in Figure 5, suppose that a row in the
source image has 8 pixels and that we generate a target
row of 4 pixels. The first pixel in the target row is filled
in with the weighted sum of A and B, where the weights
come from the scaling factors s(x). The whole scaling
factor for B is not consumed up yet, thus B is also used
to generate the next pixel in the target row. In this way,
all target pixels are filled in.

2.4 Video Retargeting

In video retargeting, if each frame is resized indepen-
dently, the resultant target video sequence may yield
severe jittering artifacts. To suppress jittering artifacts,
we enforce mooth variation between the scaling func-
tions of adjacent frames.

Let si(x) denote the scaling function of the kth
frame, which is computed independently of the other
frames as described in Section 2.2. Then, we obtain a
new scaling function s (z) of each frame sequentially



Figure 6: An original image in (a) is resized by (b) the
scaling method, (c¢) the cropping method, and (d) the
proposed algorithm.

using the scaling function of the previous frame by

/

() = wsk(@) + (1~ w)sh_, (), (7)
where w is a renewal weight given by

_ 2 llsk(2) — s34y ()]
B Q(VVm - Wout) '

(8)

The renewal weight w is proportional to the scaling fac-
tor difference between adjacent frames. By suppressing
drastic variations of scaling functions, the proposed al-
gorithm can provide temporally coherent video retarget-
ing results.

3. EXPERIMENTAL RESULTS

Figure 6 compares the proposed algorithm with the
standard scaling and cropping methods. We see that
the proposed algorithm preserves the important region,
a Japanese traditional building, more effectively than
the scaling method. Moreover, the proposed algorithm
contains most visual contents in the original image, in-
cluding leaves and flowers, which are discarded in the
cropping method.

Figure 7 compares the proposed algorithm with the
seam carving with forward energy [3]. Although the
seam carving algorithm provides a natural rendering of
the scene, it makes the main object, a black human fig-
ure, thinner and distorted. On the other hand, the pro-
posed algorithm preserves the shape of the main object
more faithfully.

Figure 8 also compares the proposed algorithm with
Kim et al’s algorithm[5]. On this image, the proposed
algorithm provides more symmetrical and visually pleas-
ing result. The proposed algorithm can be regarded as
an extreme case of Kim et al.’s algorithm, when each
strip consists of a single column of pixels. Therefore,
the proposed algorithm can be more adaptive to image
contents, but may distort object shapes. When there is
an important object, Kim et al.’s algorithm can place
it within a strip and thus can preserve its shape more
reliably.

Figure 9 shows an example of changing the aspect
ratio of the movie “Indiana Jones.” The aspect ratio of
the original movie is 2.38:1. We retarget the movie into
the sizes of HDTV and SDTV, which have aspect ratios
16:9 and 4:3, respectively. We see that the proposed
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Figure 7: Comparison of the proposed algorithm with
the seam carving: (a) original image, (b) the seam carv-
ing with forward energy, and (c) the proposed algorithm.

Figure 8: Comparison with Kim et al.’s algorithm: (a)
original image, (b) Kim et al’s algorithm (c) the pro-
posed algorithm.

algorithm preserves the vehicles faithfully, while scaling
down less important regions. Thus, the proposed algo-
rithm presents better results than the standard cropping
and scaling methods.

Figure 10 compares the proposed algorithm with op-
timal cropping, which moves the cropping window to
track the most salient region based on the Itti et al.’s
saliency measure. In the bottom row, note that the crop-
ping discards one of the characters, while the proposed
algorithm preserves all three characters. The resultant
video clips are available on the internet [12].

4. CONCLUSIONS AND FUTURE WORK

We proposed an algorithm for image and video retar-
geting, which preserves important regions while scaling
down less important regions. The proposed algorithm
first computes an importance map and an adaptive scal-
ing function. Then, based on the adaptive scaling func-
tion, the target image is constructed from the source im-
age with a weighted average filter. Experimental results
demonstrated that the proposed algorithm provides bet-
ter results than the conventional algorithms.

One of the future research issues is to extend the
proposed algorithm so that the scaling operation can be
applied in arbitrary directions, as well as horizontal and
vertical directions. Also, another issue is to generalize
the proposed algorithm for other applications such as
image enlarging or object removal.
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