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Figure 10: The original image is retargeted to 150% width, first using an automatic saliency map of [IKN98]. The result is not
perfect since the head has not been detected as a salient object. Increasing the saliency contrast improves the result (4th image),
and a single stroke on the head produces even further improvement (right).

found that saliency adjustment is the most useful control
mechanism; the other parameters were usually left at their
default values (wreg = 0:5, Lw = Lh = 20%).

Benchmarks. Our algorithm uses a single core of a CPU
and does not rely on special graphics hardware or custom-
tailored nonlinear solvers. Comparing to others methods,
the complexity of the optimization is reduced by an order
of magnitude, since the number of variables is proportional
to the number of boundary samples rather than the number
of quads. We allow real-time editing of the saliency map,
which cannot be achieved by most other methods (includ-
ing linear techniques that precompute the matrix factoriza-
tion in advance). We process full HD (1920x1080) images
in less than 4 ms using a single CPU core. [KLHG09] uses a
GPU-based multigrid solver on NVIDIA GTX280 with 240
cores, and it is still 25 times slower than our CPU implemen-
tation. [KFG09] and [CFK� 10] are about 500 times slower
than our method. [RSA09] proposes a very expensive opti-
mization that is 4 orders of magnitude slower than ours.

Integration in a web browser. Optimizing website layouts
for different screen resolutions is a difficult task. To obtain
good results in terms of usability and presentation, it is often
necessary to design customized views for every aspect ratio.

Text can be easily rear-
ranged to fit a window
of any size, but images
are only scaled homo-
geneously, limiting the
layout optimization al-
gorithm used in mobile
web browsers and po-
tentially leading to sub-
optimal results. Image

retargeting allows to change the aspect ratio of a picture, in-
creasing the quality of the final layout and saving space.

To incorporate a retargeting system in a web browser, we
should not only consider the retargeting quality but also its
efficiency and space overhead, due to energy consumption
and bandwidth limitations. Contrary to other methods, our
algorithm can be easily integrated in a web browser with

negligible time and space overhead. We see two possible
ways of extending any image format to store the information
needed to retarget it (assuming a 25�25 grid, which suffices
for high quality retargeting results up to full HD resolution):
(i) Storing the integrated saliency map. Our optimization
procedure only requires the saliency matrix W that can be
stored in 625 bytes if we quantize every matrix entry to one
byte. We can then retarget to arbitrary aspect ratio using the
mobile CPU.
(ii) Storing precomputed aspect-ratios. An axis-aligned grid
is parametrized by 50 floats, since only the boundary has to
be encoded. We can efficiently store multiple grids inside an
image with a very small space overhead: encoding a grid re-
quires 200 bytes, so that a set of 10 retargeted grids uses less
than 2 KB. In this setting there is no computational overhead
for the browser, as it only needs to select the desired grid for
bilinear interpolation to map the image onto the screen. Tt
is also possible to linearly interpolate two grids to obtain
any intermediate aspect ratio; in our experiments this is very
close to the exact retargeting result.

User study. We conducted a user study with 305 partic-
ipants, following the protocol of [RGSS10]. Eight meth-
ods have been compared: manual crop (CR), nonhomoge-
neous warping (WARP) [WGCO07], Scale-and-Stretch (SNS)
[WTSL08], MULTIOP [RSA09], shift-maps (SM) [PKVP09],
streaming video (SV) [KLHG09], energy-based deformation
(LG) [KFG09] and our algorithm (AA). All datasets in the
study have been created by the authors of the respective
methods, manually tweaking parameter values and some-
times the saliency to show the strengths of the retargeting
algorithm and produce the best possible result. We note that
the study participants had no reason to prefer a retargeted
image over a (manually) cropped one since the study did not
place the images in any semantic context. This biases the
study in favor of manual cropping as it does not introduce
any distortion. For this reason, cropping should be consid-
ered as a reference, not as a proper retargeting algorithm (for
more details see the original paper [RGSS10]).

The study statistics are provided in the additional mate-
rial. Fig. 11 provides a short summary that shows that our
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Figure 11: The number of votes for the 8 methods considered
in our user-study for each image attribute. In the bottom, the
operators within a group are statistically indistinguishable
in terms of user preference. Our method ranks higher than
others and it is statistically indistinguishable from CR.

deformation subspace is a good choice for content-aware re-
targeting. Our results have been considered superior with re-
spect to six state-of-the-art methods and achieved a quality
statistically indistinguishable to SV [KLHG09], while being
simpler to implement, faster and not requiring a GPU im-
plementation to obtain interactive frame rates. Our findings
are in accordance with the original study [RGSS10], provid-
ing further validation of the consistency in the users’ prefer-
ences.

5. Conclusion

We presented an image retargeting method that is based on
axis-aligned deformations. This deformation space appears
suitable for the problem at hand, and has multiple advan-
tages, such as robustness and guaranteed lack of foldovers,
smoothness, and realtime performance. The general ap-
proach of controlling a deformation energy by the domain
boundary falls into the category of boundary element meth-
ods and allows for very efficient solutions in cases like ours.

Axis-aligned deformations have less freedom than gen-
eral variational warps. We argue that in most cases, localized
rotations are bad for image retargeting, because they lead
to swirling or significant shearing. However, it is conceiv-
able that in certain situations extreme shearing is preferable
to axis-aligned scaling, for instance when the image back-
ground has completely uniform color, so that its shearing
is not visible. As we exclude rotations from our warps, our
method will not be capable of reproducing such effects. Note
also that our method cannot guarantee the preservation of
straight lines in the image if they are not strictly axis-aligned.

We are interested in extending our method to video retar-
geting in future work, as its speed and absence of precompu-
tation overhead would enable online (streaming) execution.
Video retargeting is very challenging due to the additional
temporal coherence requirements. Our technique can be po-
tentially generalized to video by making the warps “track”
salient moving objects via deformations that are consistent
with the optical flow.
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