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ABSTRACT

The relative arrangement, such as relative positions and ori-
entations among objects, can play an important role in ex-
pressing the situation such as sports games and race scenes,
etc. In this paper, we propose a retargeting method that al-
lows maintaining the relative arrangement. Our proposed re-
targeting method is based on a warping method which finds
an optimal transformation by solving an energy minimization
problem. To achieve protection of object arrangement, we
introduce an energy that enforces all the objects and the rel-
ative positions among these objects to be transformed by the
same transformation in the retargeting process. Experimental
results demonstrate that our proposed method maintains the
relative arrangement while protecting important regions.

Index Terms— content-aware image retargeting, warping
method, image resize, object arrangement

1. INTRODUCTION

As the diversity of electronic display devices increases (e.g.,
smart phones, notebooks, tablets, and HDTV), it is increas-
ingly important that visual media display appropriately on
these devices. Because the same image needs to be displayed
with different resolutions on different devices, image resizing
plays an important role in appropriate display. The classi-
cal resizing methods of homogeneous scaling and cropping
have the drawbacks of distorting the entire image and dis-
carding important parts of the image, respectively. Content-
aware image retargeting [1, 2] has recently been developed
to overcome these limitations. Several retargeting methods
have been proposed, including seam carving [3, 4] and im-
age warping [5, 6]. The key concept of these techniques is to
resize images to an arbitrary resolution while protecting visu-
ally important regions from distortion. Seam carving changes
the size of a source image by iteratively carving out or insert-
ing paths of pixels, which is called seam. A seam is selected
to pass through less important regions to keep important re-
gions unchanged. Warping methods place a mesh onto an
image and then deform the mesh by solving an optimization
problem. Many methods use a regular grid mesh and few
methods [6] use an irregular triangle mesh.

Recently developed methods have focused only on pro-
tection of the shape of visually important regions. Therefore,
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Fig. 1. The relative distance between the horses on the source
image (a) is changed in the retargeting image (b) using seam
carving [4]. The retargeting image (c) using our method
maintains the relative distance.

conventional methods often shrink or enlarge unimportant re-
gions among objects, resulting in the change of the distance
among these objects. Fig. 1 (b) is an example of the reduction
of the image width using a conventional method. Although
the retargeting result may be satisfactory to a viewer, it can
be unsatisfactory to a photographer if one considers that the
distance between the main objects (horses) has a significant
meaning in the image. The distance among objects can play
an important role in expressing the situation such as sports
games and race scenes like Fig. 1 (a), etc. Thus, the change
of a relative arrangement, such as relative positions and ori-
entations among objects, can distort the intended content. In
this paper, we propose a retargeting method that allows main-
taining the relative arrangement among objects.

2. PROPOSED METHOD

Our proposed method aims to achieve protection of the rel-
ative arrangement among objects on an image in retargeting.
In this paper, the relative arrangement between object ωi and
object ωj is defined by two parameters (θi,j , ri,j): θi,j is the
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Fig. 2. Example of the protection of object arrangement.

relative direction between the reference orientation of ωi and
the direction of ωj from ωi, and ri,j is the ratio of the dis-
tance li,j between ωi and ωj relative to the size hi of ωi, i.e.,
ri,j = hi/li,j (see Fig. 2).

Our proposed method introduces other two conditions to
produce more satisfactory results. The first condition is that
the shape of important regions is protected. The second con-
dition is that extreme deformation is avoided.

2.1. Problem Formulation

Our proposed retargeting method is based on a warping
method. In our warping method, a mesh is projected onto
the image and then deformed to a target size to satisfy de-
sired conditions as much as possible by solving an energy
minimization problem. An initial mesh M = {V,F} is rep-
resented as a set containing two components. V = {vi}αi=1 is
a set of vertex positions where α is the number of vertices and
vi = [vi,x, vi,y]

T is a vector consisting of x and y coordinate
values. F = {fi}βi=1 is a set of faces where β is the number
of faces. Our method can use both triangle and quadrilateral
mesh. Let us denote an element after retargeting by adding
a prime mark, e.g., v′

i indicates a vertex position after retar-
geting. The transformation of an image of size W × H to
W ′ × H ′ is a problem of finding optimal vertex positions
V′

opt by solving an energy minimization problem.
The energy minimization problem consists of energy

functions E and boundary conditions. E increases less as
the deformed mesh better satisfies a desired condition. The
optimal mesh transformation is expressed as

V′
opt = arg min

V′

∑
z∈Z

λzEz (1)

subject to boundary conditions:
v′i,x = 0 if vi,x = 0,

v′i,x = W ′ if vi,x = W,

v′i,y = 0 if vi,y = 0,

v′i,y = H ′ if vi,y = H.

(2)

Here Z is a set of desired conditions, Ez is an energy function
for condition z and λz is a weight parameter for Ez . Using a
larger λz enhances the corresponding condition.

2.2. Energy Definition

We use the following three conditions to be satisfied in the
retargeting process:

• maintaining the relative arrangement among objects,
• protection of important regions,
• avoiding extreme deformation.

This subsection describes the following three energies corre-
sponding to the above conditions: arrangement energy, rigid
energy, and smoothing energy.

Arrangement energy. First, we describe which transfor-
mation maintains the relative arrangement among objects. Let
us take the case of two objects, ωi and ωj , as an example.
Let us represent the position of ωi by the center of gravity
gω
i and denote the relative position of ωj relative to ωi by

gω
ij = gω

j − gω
i . When ωi is transformed by an affine trans-

formation T that rotates the reference orientation and scales
the size of ωi, the relative position gω

ij should be transformed
by T to maintain the relative arrangement (θi,j , ri,j). The
same holds for ωj . Thus, we can see that all the objects and
all the relative positions among objects should be transformed
by the same transformation T to maintain the relative arrange-
ment among objects. Fig. 2 shows an example of the protec-
tion of relative arrangement. In addition, T should be a trans-
formation that maintains the aspect ratios of objects to avoid
distortion. Thus, a similarity transformation is used as T .

Next, we define the transformation and the center of grav-
ity of an object to formulate the arrangement energy. They
can be expressed using faces because an object is on faces.
The transformation of an object can be approximated by the
transformation of the faces where the object is on. The n edge
vectors constituting the face f are deformed from {efi |i =

1, ..., n} to {efi
′
|i = 1, ..., n} in the retargeting process. The

transformation of the face can be computed as the linear trans-
formation of the mapping from before to after retargeting:

Jf =
[
ef1

′
, ..., efn

′] [
ef1 , ..., e

f
n

]+
(3)

where [·]+ is an operator that calculates A+ = (ATA)−1AT

for matrix A. This mapping is a linear approximation for a
quadrilateral face. The center of gravity of an object can be
approximated by the weighted average of the center of gravity
of the faces where the object is on. The center of gravity of
the face f can be calculated by

gf =
1

|V(f)|
∑

v∈V(f)

v (4)

where V(f) is a set of the vertices constituting the face f
and |V(f)| is the number of elements in V(f). The center of
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gravity of an object can be expressed as

gω =
1∑

f∈F(ω) af

∑
f∈F(ω)

afg
f (5)

where af is an area of f . The center of gravity of an object
after retargeting is approximately calculated using af instead
of a′f .

Finally, we define the arrangement energy Ea for main-
taining the relative arrangement among objects. From above
discussion, we can see that the following two conditions
should be satisfied to maintain the relative arrangement. The
first condition is that all the faces where the objects are on
are transformed by the same transformation T . The second
condition is that all the relative positions among objects are
transformed by the same T . Thus, Ea can be expressed as the
sum of two energies corresponding to these conditions.

The first condition is expressed as the energy

Ea1 =
∑
ω∈Ω

∑
f∈F(ω)

af∥TΩ − Jf∥2F (6)

where Ω is a set of all objects, F (ω) is a set of the faces where
the object ω is on, ∥ · ∥F is the Frobenius norm of a matrix,
and TΩ is a similarity transformation:

TΩ =

[
c −d
d c

]
. (7)

Ea1 increases more as the transformation of a face is further
deformed from TΩ.

The second condition is expressed as the energy

Ea2 =
∑

(ωi,ωj)∈ΦΩ

li,j∥TΩg
ω
ij − gω

ij
′∥22 (8)

where ∥·∥2 is the ℓ2-norm of a vector, li,j = ∥gω
ij∥2 and ΦΩ =

{(ωi, ωj) ∈ Ω×Ω|ωi ̸= ωj} is a set of all the possible ordered
pairs of all objects. Ea2 increases more as the transformation
of the relative position gω

ij is further deformed from TΩ.
Rigid energy. We introduce the rigid energy Er to pro-

tect important regions. To achieve protection of important
regions, higher importance faces are to be less transformed.
This condition can be formulated as

Er =
∑
f∈F

sf∥Jf − I∥2F (9)

where I is an identity matrix and sf is an importance of f
that is calculated by summing the pixel importance on f . Er

increases more as a face is further deformed.
Smoothing energy. We introduce the smoothing energy

Es to avoid extreme deformation. To achieve smooth trans-
formation, the transformation of a face should be as similar
as possible to the transformation of its adjacent faces. This
condition can be formulated as

Es =
∑
fi∈F

∑
fj∈N(fi)

(afi + afj )∥Jfi − Jfj∥2F (10)

where N(fi) is a set of adjacent faces that share an edge with
fi. Es increases more with an increasing difference in the
transformation of a face between its adjacent faces.

2.3. Implementation

Our proposed method first loads an image, and then objects
subject to protection of the relative arrangement are manually
selected by a user. Next, the pixel importance is computed
using the saliency detection [7]. This method produces a fa-
vorable result with a relatively low computational complex-
ity. Importance values are normalized in the range of [0, 1].
Finally, an energy minimization problem is solved to obtain
an optimal mesh transformation. The energy minimization
problem is formulated as follows:

V′
opt = arg min

V′
λaEa + λrEr + λsEs (11)

subject to Eq. (2) where Ea = Ea1 + Ea2. Ea1 and Ea2 can
respectively be transformed into the following:

Ea1 =
∑
ω∈Ω

∑
f∈F(ω)

af

∣∣∣∣∣∣∣∣
∣∣∣∣∣∣∣∣

1 0
0 −1
0 1
1 0

 t− vec(Jf )

∣∣∣∣∣∣∣∣
∣∣∣∣∣∣∣∣
2

2

, (12)

Ea2 =
∑

(ωi,ωj)∈ΦΩ

li,j

∣∣∣∣∣∣∣∣[gx −gy
gy gx

]
t−

[
g′x
g′y

]∣∣∣∣∣∣∣∣2
2

(13)

where t = [c, d]T , gω
ij = [gx, gy]

T , and vec(·) is an oper-
ator that creates a column vector from a matrix by stacking
the column vectors of the matrix. Since vec(Jf ) and gω

ij are
represented as a linear combination of the vertex positions af-
ter retargeting x = [v′1,x, ..., v

′
α,x, v

′
1,y, ..., v

′
α,y]

T , Ea can be
written as the following quadratic form in x:

||Bt−Ax||22 . (14)

The optimal t can be found by solving Ax = Bt in a least
square sense: t = B+Ax. Thus, Ea can be written as fol-
lows: ∣∣∣∣(I −BB+)Ax

∣∣∣∣2
2
. (15)

Since Er and Es are also quadratic with respect to the vertex
positions after retargeting, the solution of Eq. (11) can be
found by solving a sparse linear system.

3. EXPERIMENTAL RESULTS AND DISCUSSION

To evaluate our method, we have implemented the proposed
method and tested it on a variety of images. We used a uni-
form grid mesh divided by 20 × 20 faces. Hence, each face
is of W/20 × H/20 pixels. Weight parameters are set to
λa = 20, λr = 2, and λs = 1. We compared our method
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with Rubinstein’s seam carving method [4] and Wang’s warp-
ing method [5]. Our method uses a user input for selection of
regions subject to protection of the relative arrangement. To
achieve a fair comparison, the pixel importance on the se-
lected regions was set to a maximum value to reduce distor-
tion in the comparison methods [4] and [5].

Fig. 3 represents retargeting results of image reduction.
Both our proposed method and the conventional methods
protect the shape of the objects. In addition, our method
maintains the relative arrangement among objects while the
conventional methods change it. As shown in Fig. 4, our
method also produces satisfactory results when enlarging
images. While the conventional methods expand the relative
distance between objects, our method appropriately maintains
it.

Fig. 5 represents retargeting results using quadrilateral
and triangle mesh. As can be seen from Fig. 5, our en-
ergy definition can be used for both types of mesh. In ad-
dition, all the energies including the arrangement energy are
expressed as a quadratic form, which is commonly used in
warping methods. Therefore, the arrangement energy can be
incorporated into conventional warping methods.

(a) (b) (c) (d)

(e) (f) (g) (h)

(i) (j) (k) (l)

Fig. 3. Retargeting results of image reduction. (a), (e) and (i)
Source images with selected regions (blue polygons). (b), (f)
and (j) Retargeting image using seam carving [4]. (c), (g) and
(k) Retargeting image using warping method [5]. (d), (h) and
(l) Retargeting image using our method.

4. CONCLUSIONS

We proposed a novel method for retargeting images while
maintaining the relative arrangement among objects. To
achieve protection of object arrangement, we introduced the
arrangement energy that enforces all the objects and the rel-

(a) (b)

(c) (d)

(e) (f)

(g) (h)

Fig. 4. Retargeting results of image enlargement. (a) and
(e) Source images with selected regions (blue polygons). (b)
and (f) Retargeting image using seam carving [4]. (c) and
(g) Retargeting image using warping method [5]. (d) and (h)
Retargeting image using our method.

(a) (b)

Fig. 5. Retargeting images with quadrilateral mesh (a) and
triangle mesh (b).

ative positions among these objects to be transformed by the
same transformation in the retargeting process. Experimental
results demonstrate that our proposed method maintains the
relative arrangement while protecting important regions.
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