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Abstract. Image retargeting, as a content aware technique, is regarded
as a logical tool for generating image thumbnails. However, the enormous
difference between the size of source and target usually hinders single re-
targeting method from obtaining satisfactory results. In this paper, an u-
nified framework is proposed to fuse three popular retargeting strategies,
i.e. warping, cropping, and scaling, for thumbnail generation. Comple-
menting each other, three retargeting strategies work together efficiently.
Firstly, cropping selectively discards the unimportant regions in order to
free up more space for displaying important content aesthetically. Next,
warping helps to incorporate as much as possible visual information into
thumbnails by rearranging important content more compactly through
non-uniform deformation. Finally, scaling retrains the important con-
tent at an optimal size rather than undergoing an improper shrinkage.
In our solution, warping, cropping and scaling are encoded as three en-
ergy terms of the objective function respectively, which can be solved
efficiently by numerical optimization. Both qualitative and quantitative
comparison results demonstrate that the proposed method achieves an
excellent trade-off among smoothness, completeness and distinguishable-
ness in thumbnail generation. Through these results, our method shows
obvious superiority over state-of-the-art techniques.

1 Introduction

With the development of multimedia and Internet techniques, massively increas-
ing visual data, such as image and video, play an important role in modern com-
puter application. Therefore, how to present and browse image data efficiently
becomes an urgent issue to be resolved. Thumbnail, as a small-size generalization
of source image, has been used broadly across various digital display platforms,
from PC, PDA, cell phone to digital album. Most of the current image tools gen-
erate thumbnails through scaling the source uniformly. However, this intuitive
strategy often causes noticeable distortion and shrinkage of important content in
image. Consequently, the generated thumbnails can hardly deliver meaningful in-
formation, which cannot satisfy either the users’ intuitional browsing experience
or intelligent image searching and recognition.
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As a crowded research topic, content-aware image retargeting is originally
designed for changing the aspect ratio of image to accommodate various display
devices. The core of technique focuses on preserving the visual information of
important content as possible while resizing the images arbitrarily. Recently, a
variety of approaches have been published, which can be further categorised as
discrete methods —seam carving [1–3], continuous methods —cropping [4, 5],
warping [6–8], shift map [9], and hybrid approaches [10–12]. Due to the content
aware property, image retargeting is considered as a reasonable tool for thumb-
nail generation. However, in practice, the existing retargeting approaches are
better for resizing images to a comparable size. Once the target size is set too
small, especially for the thumbnail of 100×100 or so, single retargeting approach
can hardly secure viewers’ browsing experience.

Cropping methods [4, 5] return a target-size window, which covers the most
salient content. When applied for thumbnails, the cropping window has to on-
ly retain part of the important content while discard the other regions. This
often destroy the integrity of the objects, and the result thumbnails can not
provide meaningful information. Seam carving methods [1–3] alter image size
by removing the unimportant pixel chain in both horizontal and vertical direc-
tions iteratively. However, the quite difference between the size of source and
target brings significant damage to the geometric structure of content. Warping
methods [6–8] continuously transform the image to target size while decentral-
ize distortion to non-salient regions. Compared to other methods, warping based
methods maximally preserve the geometric structure. However, the continuity of
warping transformation not only is the key of visual smoothness, but also permits
the unimportant region to occupy more or less room in output. As a result, there
is usually not enough space to absorb the distortion in warping, and an obvious
scale shrinkage of the important objects will appear. In the case of thumbnail,
the objects even become undistinguishable. In addition, shift-map methods [9]
are proposed for reconstructing image through cropping and blending the im-
portant regions. Most recently, some hybrid approaches [10–12] are developed to
further improve the performance of retargeting. Without the consideration about
small-size target, these recent works subject to the same difficulties mentioned
above, and are not appropriate for handling the thumbnail problems.

Some researchers have noticed the limitation of existing retargeting strategies
on generating thumbnail. Sun et al. [13] proposed an approach for addressing this
problem, where seam carving and warping are used in combination. They first
employ cyclic seam carving(CSC) to adapt images to thumbnail size. Subsequent-
ly, the result guides the thumbnail generation with a thin plate spline(TPS),
which forms a continuous mapping from the source to target. Although this
method preserves the smoothness in thumbnail and makes the most use of the
limited space, the two-stage combination leads to too much time cost to meet the
practical needs. As discussed above, direct scaling totally neglects the distortion
and shrinkage of content; cropping may damage the completeness; warping often
weakens the distinguishableness. Motivated to integrate the advantages of crop-
ping, warping and scaling while guide them to complement each other, in this
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Fig. 1. The thumbnails generated by each step of our approach. From left to right:
(a) Source image (b) Importance map (c) Warping the image just considering shape
distortion (d) The result of cropping + warping (e) The result of cropping + warping
+ scaling.

paper, an unified thumbnail generating model is proposed, where three retar-
geting strategies are encoded in terms of the energy terms respectively. Firstly,
warping distributes deformation across images non-homogeneously, which rear-
ranges the salient content more compactly as well as preserving the geometric
structure of objects smoothly. This property actually helps the cropping window
to include more important information while to avoid the loss of completeness.
Secondly, cropping automatically removes the relatively unimportant margin of
images. Consequently more space in thumbnail is reserved for warping to ab-
sorb the distortion due to resizing and makes it possible to produce the output
more aesthetically. Moreover, scaling is added as a constraint for restraining the
important content at an optimal size, which aims at striking a balance between
distinguishableness and completeness. As shown in Fig.1, in our solution, the
above three methods are fused into an unified optimization, which can be solved
efficiently and specially appropriate for the image tools across various digital
platforms.

2 The Unified Framework

To achieve an efficient solution, we fuse three retargeting methods as an unified
framework. By encoding warping, cropping, and scaling as three energy terms,
the total objective function is formulated as follows:

Dtotal = DW + λDC + µDS (1)

where DW indicates warping and evaluates the shape distortion of content in
thumbnail; DC indicates cropping and decides how to discard the unimportant
regions;DS indicates scaling and is employed for displaying content at an optimal
size. λ and µ are two parameters responsible for adjusting the weights of them.

Our algorithm is implemented on the basis of the grid structure. The first
step is to partition the source image into m× n grids uniformly, and denote the
set of grids as Q = {q11, q12, . . . , qmn}. Vij = {v1ij , v2ij , v3ij , v4ij} ⊆ R2 is de-

fined as the vertex coordinate set of qij . Ṽij represents the deformed coordinate
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set in thumbnail correspondingly. Dtotal is actually the sum of various energy
loss of all grids. Minimizing of Dtotal finally results in new vertex coordinates.
The deformed vertex coordinates and cropping window of target size determine
the output together. In our solution, the minimizing is solved as a convex pro-
gramming problem, which can be resorted to the numerical optimization plan
efficiently.

2.1 Warping

In this section, we employ grid based warping to preserve the spatially important
content from obvious shape distortion, which is suppose to retain the geomet-
ric structure smoothly. We employ the similarity transformation as in [14] to
evaluate the shape distortion energy in resizing, which can be formulated as
follows:

Dw(q) =
4∑
l

∥ sq(v
l
q)− ṽlq ∥22 (2)

where s represents the unique similarity transformation for each grid. This trans-
formation is essentially formed from the affine projection in 2D, which can be
defined in terms of four parameters as follows:

s(v) =

[
c −d
d c

] [
x
y

]
+

[
tx
ty

]
, v =

[
x
y

]
(3)

By plugging Eq.3 within, Eq.2 can be reformulated as a linear least-quare
problem in terms of [c, d, tx, ty]

T , where

Aq =


x1
q −y1q 1 0

y1q x1
q 0 1

...
...

...
...

x4
q −y4q 1 0

y4q x4
q 0 1

 , bq̃ =


x̃1
q
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It is intuitive to obtain the least-square solution [c, d, tx, ty]
T
q = (AT

q Aq)
−1AT

q bq̃
and the shape distortion energy Dw(q) =∥ (Aq(A

T
q Aq)

−1AT
q − I)bq̃ ∥22, more de-

tails can be found in [14]. The shape distortion energy is finally formulated as
:

DW =

m,n∑
i,j

IijDw(i, j) (5)

Up to now, the target has converted to solve a quadratic programming(QP)
problem, which can be handled efficiently. We quantify the importance of grids as
I, which is normalized to [0.2, 2] for avoiding undue deformation. Some boundary
constraints can make the deformed grids have specified size, however, in this
solution, we just restrict the deformed image to have rectangle appearance.
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2.2 Cropping

As discussed before, the products of single warping usually subject to the small
size of target and hardly make a good meeting to human vision. Thus, by crop-
ping some regions out selectively, we provide system more space for presenting
the content in result aesthetically. At the same time, the cropping procedure
is requested to satisfy two requirements: 1) the most important information of
image should be preserved preferentially; 2) the proposed scheme should be nat-
urally integrated into our framework, while not influencing the smooth geometric
structure achieved by warping.

To achieve this, we first define a spatial rectangle of target size as the crop-
ping window. The deformed grids, which are located outside the window, are
deemed as “cropped” and would not appear in thumbnail. Then, we encode the
information loss caused by cropping as a piecewise function as follow:

DC =

m,n∑
i,j

= (Dx
c (i, j) +Dy

c (i, j)) (6)

and

Dx
c (q) =

{
(−1) · (xq · (WT − xq)) · Iq if xq /∈ [0,WT ]

(−1) · (xq · (WT − xq))
1
δ · Iq if xq ∈ [0,WT ]

(7)

Dy
c (q) =

{
(−1) · (yq · (HT − yq)) · Iq if yq /∈ [0,HT ]

(−1) · (yq · (HT − yq))
1
δ · Iq if yq ∈ [0,HT ]

(8)

where WT , HT are the width and height of thumbnail respectively. [xq, yq]
T

represents the centroid coordinate of q, which can be calculated in terms of Vq

easily. And δ is a positive parameter correlated to the size of target. For 120×120
thumbnail, it works well when δ = 15.

As shown in Fig.2(a), the first term of piece-wise function ensures that the
function fetches a lower value when the grid lies inside the cropping window
than outside, which would help the most important content to be preserved
in output preferentially. The second term of Eq.7 or Eq.8 guarantees Dc not
to make significant differences when the grid vertices move inside the cropping
window. That is, the resulted coordinates of grid within cropping window are
still determined by the warping procedure chiefly.

As discussed in last section, DW is quadratic and the global solution can be
resolved. Fig.2(a) illustrates that the original form of Dc is quadratic as well.
When it become the piece-wise version, both pieces are still convex respectively.
It is easy to prove that the boundary points make no effect on the convexity
of entire Dc, and the function is numerical continuous. Although the cropping
cost energy is incorporated, the global solution of unified framework still exists
and can be solved through numerical optimization. Fig.2(b) shows an example
of deforming the grids via combining warping with cropping.
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Fig. 2. (a) The function curve of Dx
c , and Dy

c have same form. (b) The result coordi-
nates of grid vertexes obtained by combining cropping with warping.

2.3 Scaling

Through removing the relatively unimportant margin, cropping frees up more
space for system to present the important content more aesthetically. Howev-
er, the warping procedure takes only shape distortion into account, where the
indifference of scale usually prevents the combination of warping and cropping
from satisfactory result, especially for small-size thumbnail. As shown in Fig.1
and Fig.3, the thumbnails generated without consideration about scale general-
ly display the content at a small size. Although the content in output may be
accurate(have same shape as in source) and complete, all the regions suffer such
huge shrinkage that the important content becomes undistinguishable. And it
is difficult to reflect the advantage of combination of warping and cropping. To
address this problem, we further incorporate scaling into our solution, which is
responsible for balancing distinguishableness with completeness.

As discussed before, the similarity transformation of each grid is uniquely de-
termined by 4 parameter as [c, d, tx, ty]

T
q , which factually results from the affine

projection in computer vision and can be rewritten as [r cos θ, r sin θ, tx, ty]
T
q . θ

and r decide the rotation and scaling of transformation respectively, and the lat-
ter is positive. When r equals to 1, the grid is considered deformed without scale
difference. According to this, we make the scaling take effect as a constrain-
t, which can be formulated in terms of r. We define Uq = [u1, u2, u3, u4]

T =
(AT

q Aq)
−1AT

q , while c, d can be calculated as c = u1 · bq̃ and d = u2 · bq̃. For gen-
erating thumbnails, the grids generally undergo shrinkage and the corresponding
r is supposed to range from 0 to 1. As a result, the scale energy can be formulated
as:

DS = sz ·
m,n∑
i,j

Iij · (1− r2ij) = sz ·
m,n∑
i,j

Iij(1−
∥∥[u1, u2]

T · bq̃
∥∥2
2
) (9)
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+Cropping
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Fig. 3. The thumbnail generating process fusing three strategies together gradually.
The full-line box : the source image and the importance map. The dashed-line box :
the thumbnails yielded with different strategies and parameters; the cropping window
and grids corresponding to the optimal effect. The bottom row : thumbnail results with
different strategies.

Where sz measures the length of original grid diagonal, and guarantees DS

is comparable to DW and DC in magnitude. Eq.9 doesn’t accord with norm
form, and can be negative. To avoid scaling up objects incorrectly, we impose
the following constraints to ensure all m×n terms of Eq.9 fetch positive values:

0 < r < 1 =⇒

{
−1 < c < 1

−1 < d < 1
=⇒

{
−1 < u1 · bq̃ < 1

−1 < u2 · bq̃ < 1
(10)

All the constraints are linear, which reduce little efficiency in optimization.

2.4 Energy Minimization

As discussed above, DW and DS are quadratic, and DC is convex. Although
the latter makes it impossible to solve Eq.1 via sparse linear system, minimizing
still can be achieved by numerical algorithm under some linear constraints. In
this solution, an active-set method is employed.Minimizing becomes a convex
programming problem. Once a local solution is resolved, the global solution is
yielded. And we initialize the optimization by placing the vertices of grids inside
the cropping window uniformly, where the linear constraints are all satisfied.

Fig.3 shows the thumbnails obtained using different strategies. By adjusting
λ and µ, different focuses are reflected in output. When only the grid-based
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warping is employed, the improvement compared to direct scaling is limited. Al-
though warping tries best to preserve the geometric structure, the ship appears
to be so small that the viewers can hardly discriminate it from simple scal-
ing. In the cases of incorporating cropping with warping, a higher λ encourages
less regions to be discarded, which achieves similar result with using warping
only; while a lower λ permits abandoning the unimportant regions liberally to
improve the aesthetic effect of output. We notice that the cropping helps to
improve the visual effect as well as to preserve the most salient object(boat)
preferentially. However, since the scale difference is not counted into the shape
distortion energy, all the deformed grids(both inside and outside cropping win-
dow) usually suffer huge shrinkage, where the cropping window often fails to
yield distinguishable output. Finally, when scaling participates in, a trade-off
among smooth visual effect, distinguishableness and completeness is achieved.
According to the experiments, in Eq.1, the λ can be between 0.01 and 0.08 when
fixing µ = 6, and it works well when λ = 0.025 in most cases.

Fig.3 further demonstrates how warping, cropping and scaling take effect.
In order to demonstrate the advantages of our algorithm comprehensively, more
examples can be found in Fig.4.

3 Experimental Results

To demonstrate the effectiveness and efficiency of our framework, there are 420
images are used for generating thumbnails of 120 × 120. There are 240 images
collected from PASCAL VOC2008[15], 100 from ImageNet[16], and 80 from Re-
targetMe[17]. The test images range from photos containing one or more salient
foregrounds to landscapes with relatively scattered importance distribution. In
this paper, the importance of pixels are computed through combining the visual
attention-based method [18] with the face detector[19]. Based on the grid struc-
ture, the proposed method achieves better visual effect but consumes more time
when employing a finer grid partition. According to practice, grid size of 20×20
strikes a good balance between thumbnail quality and computational complexity
in most cases.

To provide a comprehensive evaluation, our method is compared with pop-
ular state-of-the-art approaches, including improved seam carving (ISC)[2] for
discrete method, shape-preserving warping (SPW)[14] for continuous method
and scale and object aware retargeting (SOAR)[13] for combinational method,
in both qualitative and quantitative fashions. In addition, the speed of different
methods are presented for further demonstrating the efficiency and feasibility
of our method. All the experiments are completed on a computer with Intel
Pentium 2.33GHz dual core, 4GB memory.

3.1 Speed

Table.1 gives the average time cost of various methods. On one side, the seam
based methods show a poor performance in comparison: single seam carving
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Method SPW[14] ISC[2] SOAR(CSC+TPS)[13] ours

Time 0.02s 0.6s 1.25s(0.5s+0.75s) 0.3s

Table 1. Speed of various methods for adapting 500× 400 source images to 120× 120
thumbnails.

procedure consumes about 0.5s on average; for SOAR[13], which employs seam
carving as a component of two-stage combination, the total time even exceeds
1s. In fact, the performances of seam based methods are specially dependent
on the size of source: when the size reaches 700 × 500, the computational time
quickly reaches more than 2.5s, which is generally deemed inappropriate for any
online applications. On the other side, as the grid based approaches, although
both SPW[14] and our method employ grids of 20 × 20 and consequently have
the same number of variables in optimization, SPW[14] works more efficiently
than ours. This is because the objective function of SPW[14] is quadratic and
can be converted to a sparse linear system. Our solution, of which DC is not
quadratic but just convex, has to resort to numerical optimization. Fortunately,
the computational cost of our method is still acceptable. Our method outper-
forms seam based methods obviously and can achieve a satisfactory trade-off
between effectiveness and efficiency.

3.2 Qualitative Results

Some intuitional comparisons are shown in Fig.4, where various types of images
are exhibited. Compared to other methods, our method preserves the structure
of important objects smoothly and avoids the inordinate shrinkage simultane-
ously. In another word, our method delivers visual information as much and as
accurate as possible to the viewers. Other approaches either damage the geo-
metric structure of image significantly or shrink the important foreground too
much to distinguish.

For SPW[14], the output images are usually smooth and natural. And yet,
the important foregrounds have to face a borderless shrinkage at the same time.
Especially for the purpose of thumbnail, the foreground become so small that
viewers can hardly discriminate them from scaling. This occurs in almost all
examples. ISC[2] produces the thumbnails by removing the least important pix-
el chain iteratively, which from another angle helps the foreground maintain a
understandable size. However, this arbitrary strategy of discarding often dam-
ages the geometric structure of output severely. As shown in Fig.4, unacceptable
distortions occur in the 1st, 2nd, 3rd, 6th, 8th, 9th, 10th rows on the left side,
and the 1st, 2nd, 3rd, 4th, 5th, 7th, 8th rows on the right. SOAR[13], making
use of discrete seam carving to guide continuous mapping, yields compatible
results with ours in some cases, which prevents the foreground from significant
shrinkage and achieves the smooth global visual effect simultaneously. Neverthe-
less, unnatural distortions still happen occasionally, such as the 1st, 6th, 8th,
9th, 10th rows on the left, and the 5th, 7th, 8th, 10th rows on the right. The
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reason can be explained as that TPS is insufficient for completely repairing the
geometric structure damaged by CSC.

Generally speaking, the continuity of warping not only is the key of visual s-
moothness, but also permits the unimportant region to occupy more or less room
in thumbnail. The too much space occupied by unimportant content impels the
foreground to undergo a fain shrinkage, which causes the degeneration of distin-
guishableness definitely. On the contrary, the discrete methods reserve as much
space as possible for preserving important content, while the geometric struc-
ture cannot be saved effectively. SOAR[13], as a two-stage solution, combines
the advantages of discrete approaches and continuous approaches. In essence,
our solution is based on the similar consideration. Instead of carving, our solu-
tion employs cropping to discard the irrelevant image margin selectively, which
reduces the impact of unimportant regions on displaying the important content.

3.3 Quantitative Result

In order to reflect the effectiveness and efficiency of thumbnail browsing ob-
jectively, we conducted a user study and collected the quantity statistics for
4 thumbnail generation schemes. There are altogether 72 college students par-
ticipating in this user study, 50 of which come from the natural science realm
while others come from social science realm. Each participator is designated to
4 groups of data, which are generated by various methods respectively. Each
group includes 50 thumbnails, and the source are selected at random without
overlap. The participators are asked to browse all data and choose the category
for each thumbnail from a set of predefined options, which should reflect the
content of thumbnail furthest. We counted the time cost and accuracy of each
group. In addition, there are 30 other images incorporated into the quantitative
comparison, where the thumbnails generated by various methods are displayed
to the viewer in a random order simultaneously. The participator are requested
to show their aesthetic preference.

The final statistics of all the feedback are shown in Table.2. The quantitative
results reflect the superiority of our method over the others. Our approach not
only provides higher efficiency and reliability for thumbnail browsing but also
attracts more popularity in visual aesthetics than others.

4 Conclusion

We fuse cropping, warping, and scaling into a unified framework for thumbnail
generation, and make them complement each other. Cropping is incorporated
to discard the irrelevant image margin selectively, which factually reduces the
impact of unimportant regions on displaying the important content. Warping
preserves the shape of foreground smoothly as well as rearranges the impor-
tant content compactly, which factually encourages the important regions to be
preserved completely. Scaling helps to maintain the important foreground distin-
guishable. As result, our system is able to deliver as much visual information as
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scale SPW ISC SOAR ours scale SPW ISC SOAR ours

Fig. 4. The thumbnail results produced by various methods. There is a single salient
foreground in the images placed on the first 7 rows. Those in the 8–11th row contain
multiple salient objects. Two landscapes are arranged on the last row.

Method SPW[14] ISC[2] SOAR[13] ours

Time 97.25s 92.79s 84.37s 80.55s

% of accuracy 93.21 94.73 96.52 98.15

% of preference 9.93 15.46 25.84 48.77

Table 2. The statistics of user study. Beside the time cost and accuracy on thumbnail
browsing, the user study takes the visual preference into account.
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possible to viewers within a very limited size of thumbnail, and achieves an ex-
cellent trade-off among smoothness, completeness and distinguishableness. The
qualitative and quantitative results demonstrate the effectiveness and efficiency
of our approach.
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