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Abstract—To display a video sequence in different display
devices with different resolutions and aspect ratios, the video
frames should be resized (retargeted) adaptively, whereas the
important content of the video sequence should be retained. This
is called the video retargeting problem.

The proposed video retargeting approach consists of three
main stages: preprocessing, optimization, and transformation. In
the preprocessing stage, the initial scaling factor map, the
saliency measure, and the temporal coherence measure of each
video frame will be computed. In the optimization stage, an
iterative optimization procedure is used to find the scaling factor
maps of individual video frames via an optimization function
involving spatial benefit and temporal cost. In the
transformation stage, the scaling factor maps of individual video
frames are improved by cropping. Then, the retargeted video
frames are generated by pixel fusion using the scaling factor
maps. Based on the experimented results obtained in this study,
the performance of the proposed approach is better than those of
five comparison approaches.

I.  INTRODUCTION

In recent years, multimedia contents (videos) may be
displayed in different devices with different resolutions and
aspect ratios. To display a video sequence on different devices,
the video frames should be resized (retargeted) adaptively,
whereas the important content of the video sequence should
be retained. This is called the video retargeting problem.

There are several simple video retargeting techniques, such
as uniform scaling and direct cropping. Seam carving [1] is a
content-aware image resizing technique, which will change
the image size by iteratively removing or inserting a seam
with the minimal cost. Content-aware video retargeting
approaches, such as [2], should retain both spatial information
and temporal coherence. Grundmann et al. [3] proposed a
video retargeting approach, in which seams may be non-
connected. To maintain temporal coherence, a cost function is
used to select good seams in each video frame. Wolf et al. [4]
proposed a non-homogeneous content-driven video
retargeting approach. Wang et al. [5] proposed an image
retargeting approach using warping. They use the mesh to get
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many quads, and compute the distortion energy for each quad
by measuring the distance between the deformed quad and the
uniformly scaled version of the original quad. The deformed
mesh is obtained by global optimization iteratively. Wang et
al. [6] proposed a video retargeting approach, extended from
their image retargeting approach [5]. They align video frames
by estimating motion firstly. Individual video frames are
resized for preserving spatial content, whereas camera and
object motions within video frames are aligned for retaining
temporal coherence. Wang et al. [7] proposed a motion-based
video retargeting approach with optimized crop-and warp.
Wang et al. [8] proposed a video retargeting approach which
handles spatial and temporal components sequentially. Kim et
al. [9] determined the scaling factor of each column in the
source image by using an importance map. In Yen et al. [10],
after aligning video frames in a shot to a panoramic mosaic
constructed for a shot, a global scaling map for these frames is
derived for the panoramic mosaic so that effective temporal
coherence can be retained. Hua et al. [11] proposed a
distortion-free video retargeting approach by scale-space
spatiotemporal saliency tracking. Li et al. [12] formulated
video retargeting as the problem of finding an optimal
trajectory for a cropping window to go through the video.
Rubinstein et al. [13] defined a resizing space as a conceptual
multi-dimensional space combining several resizing operators,
and showed how a path in this space defines a sequence of
operations to target media.

In this study, a video retarget approach using non-
homogeneous scaling and cropping is proposed.

II. PROPOSED VIDEO RETARGETING APPROACH

As shown in Fig. 1, the proposed approach consists of three
main stages: preprocessing, optimization, and transformation.

In the preprocessing stage, the initial scaling factor map,
the saliency measure, and the temporal coherence measure of
each video frame will be computed. In the optimization stage,
an iterative optimization procedure is used to find the scaling
maps of individual video frames via an optimization function
involving spatial benefit and temporal cost. In the
transformation stage, the scaling factor maps of individual
video frames are improved by cropping. Then, the retargeted



video frames are generated by pixel fusion [17] using the
scaling factor maps.
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Fig. 1. The framework of the proposed approach.

Here, it is assumed that the input video frames are from a
video shot with temporal coherence. F, represents video frame
t, T denotes the number of video frames, w and / represent the
width and the height of each original video frame,
respectively, and w'and &' represent the width and the height
of each retargeted video frame, respectively. To simplify the
presentation of the proposed approach, we only describe the
case that the width of the original video frame is reduced
(i.e., h'=h and w'<w). The other cases can be similarly
processed.

A. Preprocessing Stage

The scaling factor map of a video frame is used to
transform the original video frame to the retargeted video
frame by pixel-mapping. Each scaling factor is use to scale a
pixel (or a patch) in the horizontal direction. Note that: (1) the
size of the scaling factor map of a video frame is the same as
that of the video frame, (2) the value of each scaling factor
lies within the range [0,1], (3) the sum of the scaling factors

within each row should be equal to w', and (4) the difference
between two neighboring scaling factors within each column
should be very small. If S,(x,y) represents the scaling factor
of pixel F,(x,y) in F,, the above-mentioned constrains on
scaling factor maps are as follows

DS, (x.y)=w, Yy, (1)
|S,(x,»)=S,(x,y+ ) |[STHyg,, Vx,y, ()
0<S,(x,y) <L, Vx,y, 3)

where THg,, is a threshold (a small value) for spatial
smoothness.

If S“(x,y) denotes the scaling factor of pixel F(x,y)
within the i-th iteration and S (x,y) denotes the “optimal”
scaling factor of pixel F,(x,y). Here the initial scaling factor
SO (x,y) for F(x,y) is

SO (x,y) =2, Vx,y. )
w

The spatial saliency measure plays an important role in
content-aware image/video retargeting, which reflects the
importance of a pixel (or a region). The proposed energy
function E,(x,y) for spatial saliency of pixel F(x,y)
combines the image saliency measure /E,(x,y) [14] and the

video saliency measure VE, (x,y) [15] as follows
E,(x,y)=04-1E (x,y)+0.6 -VE, (x,), Vx, y, %)

where both /E,(x,y) and VE,(x,y) are normalized to the
range [0,1] using min-max normalization.

To determine temporal coherence measure using motion
vectors, the exhaustive block matching algorithm (EBMA) is
used to determine block motion vectors between frames F,
and F, ;. Here, the block size is set to 2x2 and the search

range of block matching is set to +£8. Based on the optimized
scaling factor map S:i , and motion vectors between F, | and F),
the predicted scaling factor map PS, can be described as

PS, =MV,__, (St*—l)7 (6)

where the motion prediction function MV, (-) can be

computed based on the motion vectors between video frames
F, and F,.

B. Optimization stage

Based on the following rules: (1) if the saliency measure of
a pixel is large, the scaling factor of the pixel should close to
1; (2) the temporal coherence should be retained; and (3) the
three constraints (Eqs. (1)-(3)) should be retained, the
“optimal” scaling factor can be determined as
87 (x,y) = argmax(Wg, - SB,(E,(x,),S;" (x,»))
S (x,9) (7)
- WTC ’ TCt (PSt (st’)ySp(”) (st’))), anya

where SB,(E,(x,y),S" (x,y)) and TC,(PS,(x,y),5"(x,¥))

represent the spatial benefit and temporal cost of F,,
respectively, and Wgz and Wy are the weighting coefficients
of the spatial benefit and temporal cost, respectively. Here,

SBt (Er (x’y)aSr(n) (xay)) = Ez (x’y) ' St(n)(x’y)a (8)

TC,(PS,(x,),5" (. 2) =[PS,(x ) =S (e )} (9)

The constraints described in Egs. (1)-(3) will be embedded
in Eq. (7) as

s.t. ZS, (x,y)=w, Yy, (10)



|8 (x,9) =S (x,y + 1) € TH g, V., (1D

TH, SSt(”)(x,y)STHub,Vx,y, (12)

where TH), and TH,,;, are the lower and upper bounds of the
scaling factor, respectively.

To determine the “optimal” scaling factor described in Eq.
(7) with three constraints, the interior-point solver [16] is
employed. To reduce the computation complexity, the
“optimal” scaling factor map may be determined in a patch-
wise manner rather than in a pixel-wise manner. In this study,
the number of iterations is set to 100. Additionally, for F,

(the first video frame), W, =1 and W,. =0, while for each
other video frame F, (t #1), Wy, =1 and W,. =4.

C. Transformation Stage

As an illustrated example shown in Fig. 2, there may be
some problem in some part of an “optimal” scaling factor map
St* marked by a red rectangular in Fig. 2(d). This artifact is
induced by the small scaling factors of the part marked by the
red rectangular in Fig. 2(b). In this study, the scaling factors
of the part marked by the rectangular in Fig. 2(f) will be set to
zero (i.e., cropping) in Fig. 2(g). That is, if the area of some
part having small scaling factors is larger than a threshold, the
scaling factors of the part are identically set to zero (i.e.,

cropping).
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Fig. 2. (a) The original image, (b) the “optimal” scaling factor map, (c) the
improved scaling factor map by cropping, (d) the retargeting result using the
“optimal” scaling factor map, (e) the retargeting result using the improved
scaling factor map, (f) the scaling factors of the part marked by a red
rectangular in (b), and (g) the “improved” scaling factors of the part marked
by a red rectangular in (c).

To maintain spatial coherence, cropping will be performed
in a column-wise manner. If the average scaling factor of the
pixels in a column is less than a threshold TH,,, (0.2 in the
proposed approach), this column will be cropped. To keep the
constraint of Eq. (10) valid, the sum of the scaling factors of a

cropped area will be uniformly distributed to the scaling
factors of the non-cropped area.

Based on the final scaling factor maps Sf ,t=1,...,T, the
retargeting video frames RF}, t=1,...,T, are generated by the
pixel fusion method described in [17].

III. EXPERIMENTAL RESULTS

The proposed approach has been implemented on an Intel
Core i7-2600 CPU 3.40 GHz PC using Matlab (version
R2011b) software develop tool. To evaluate the effectiveness
of the proposed approach, three video retargeting approaches
are implemented, including uniform scaling, Grundmann et
al.’s approach [3], and Yen et al.’s approach [10].
Additionally, Rubinstein et al.’s retargeting results [2] and
Wang et al.’s retargeting results [6] will be compared. In this
study, 11 test video sequences are employed. The
characteristics of the 11 test video sequences are listed in
Table 1.

Fig. 3 shows the original frames 1 and 60 (468x192) of
“Car go forward,” and the retargeted frames 1 and 60
(234x192) of uniform scaling, Rubinstein et al. [2], Wang et
al. [6], Grundmann et al. [3], Yen et al. [10], and the proposed
approach. Fig. 4 shows the original frames 1 and 60
(688x%286) of “Cape No. 7 (1),” and the retargeted frames 1
and 60 (344%286) of uniform scaling, Rubinstein et al. [2],
Wang et al. [6], Grundmann et al. [3], Yen et al. [10], and the
proposed approach. Fig. 5 shows the original frames 1 and
150 (688x286) of “Cape No. 7 (2),” and the retargeted frames
1 and 150 (344x286) of uniform scaling, Rubinstein et al. [2],
Wang et al. [6], Grundmann et al. [3], Yen et al. [10], and the
proposed approach. Based on the experimental results
obtained in this study, the retargeted results of the proposed
approach are better than those of five comparison approaches.

Frame 1 Frame 60

(a6) (a7) (b6) (b7)
Fig. 3. The original frame 1 (al) and frame 60 (bl) (468x192) of “Car go
forward;” (a2)-(a7) the retargeted frames 1 and (b2)-(b7) the retargeted
frames 60 (234x192) of uniform scaling, Rubinstein et al. [2], Wang et al.
[6], Grundmann et al. [3], Yen et al. [10], and the proposed approach,
respectively.



Frame 60
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Fig. 4. The original frame 1 (al) and frame 60 (b1) (688%286) of “Cape No. 7
(1);” (a2)-(a7) the retargeted frames 1 and (b2)-(b7) the retargeted frames 60
(344%286) of uniform scaling, Rubinstein et al. [2], Wang et al. [6],
Grundmann et al. [3], Yen et al. [10], and the proposed approach,
respectively.

Frame 1 Frame 150

(al) (b1)

(a6) (a7) (b6) (b7)
Fig. 5. The original frame 1 (al) and frame 150 (b1) (688x286) of “Cape No.
7 (2);” (a2)-(a7) the retargeted frames 1 and (b2)-(b7) the retargeted frames
150 (344%286) of uniform scaling, Rubinstein et al. [2], Wang et al. [6],
Grundmann et al. [3], Yen et al. [10], and the proposed approach,
respectively.

IV. CONCLUDING REMARKS

The proposed video retargeting approach consists of three
main stages: preprocessing, optimization, and transformation.
In the preprocessing stage, the initial scaling factor map, the

saliency measure, and the temporal coherence measure of

each video frame will be computed. In the optimization sage,
an iterative optimization procedure is used to find the scaling

factor maps of individual video frames via an optimization
function involving spatial benefit and temporal cost. In the
transformation stage, the scaling factor maps of individual
video frames are improved by cropping. Then, the retargeted
video frames are generated by pixel fusion [17] using the
scaling factor maps. Based on the experimented results
obtained in this study, the performance of the proposed
approach is better than those of five comparison approaches.

TABLE I

CHARACTERISTICS OF 11 TEST VIDEO SEQUENCES.

Sequences Orngmal Ta.r gct Frame Motion Objects Background
size size number
Car forward 468x192 234x192 124 low one Natural
Coastguard 352x288 240x288 151 low two Natural
Two children 468x192 234x192 155 medium two Natural
Cape e
No.7 (1) 688x286 344x286 120 low two artificial
Cape e
No.7(2) 688x286 344x286 365 low two artificial
Dark glass 640x320 | 320x320 179 low one artificial
woman
Two girls 720%350 360%350 222 medium two artificial
Cheer leaders 384x288 232x288 165 low many artificial
Highway 448x192 224x192 194 medium many artificial
Water ski 540%280 270x280 96 high one Natural
Basketball 232x176 160x176 228 high many artificial
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