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Abstract—Traditional video codecs like H.264/AVC encode

video sequences to minimize the Mean Squared ErrdMSE) at a
given bitrate. Seam carving is a content-aware resng method.
In this paper, we propose a semantic video compresa scheme
based on seam carving. Its principle is to suppresson salient
parts of the video by seam carving. The reduced segnce is then
encoded with H.264/AVC and the seams are representeand
encoded with our proposed approach. The main ide&ito encode
the seams by regrouping them. Compared to our eadr work,
the main contributions of this paper are: a new engy map with
better temporal robustness, a new way to define gups of seams
using k-median clustering, and an improved backgrood
synthesis. Experiments show that, compared to a tcétional
H.264/AVC encoding, we reach a bitrate saving betvea 10%
and 24% % with the same quality of the salient objets.

I. INTRODUCTION
Traditional video coding approaches like H.264/AMCor

HEVC aim at minimizing the Mean Squared Error (M.SE)Se

Moreover, they do not explicitly consider visualbalient
regions. As a result, they may not be optimal frmpsycho-
visual point of view.

We target defense and security applications withitéid
infrastructures, constraining video transmissionloat data

rates. In this context, the overall image quaktyot a crucial
criterion. Instead, the objective is to maintaire themantic

meaning in such a way that users can correctlyprge the
content and take decisions in critical conditions.

In this paper, we improve upon [2] on several point
Firstly, we introduce a new energy map with superio
temporal robustness, including a better combinatiérthe
saliency and gradient maps, and an improved stgppin
criterion. A new way to define groups of seams Hase k-
median clustering is then proposed. Finally, an rowpd
background synthesis is used based on Shift-mapwHich
gives better visual results.

The proposed semantic video coding scheme based on
seam carving has been evaluated with the objeeebasality
metric in [5] on three objects from the sequenmeastguard
and container. In the case ofoastguard, our approach gives
notably better results at all bitrates for the twlgects. In the
case ofontainer, smaller gains are obtained.

II. SEAM CARVING REVIEW

Seam carving is an approach to resize images a@ovid
guences while preserving the semantic content|3am
is defined as an optimal — 8 connected path oflpixa a
single image from top to bottom or left to righarmally, letl

be ann x mimage, the termvertical seam is defined to be the
set of points

s¥ = {sF, = {x(1), i}, stV x() —x(i—1)| <1

With x the horizontal coordinate of the point. To defihe
seam, an energy function and a cumulative energgtifan
are needed.

For this purpose, we propose a semantic contenteawa )
video coding scheme based on seam carving, whith Energy function

concentrates salient information in a reduced regoi
sequence. In this way, the background is suppressddhe
bitrate is greatly reduced. Some extra informatien
transmitted to rebuild seams at the decoder. Therethe
quality and position of the salient objects in thideo are
preserved.

Our previous work [2] is based on the content-avimuage
resizing seam carving algorithm in [3] which eféoily

The energy function allows defining the salienttparf an
image. The first one has been proposed by AvidanSiramir
[3]and is based on a gradient on the luminance. gradient
is efficient to highlight the textured areas, aitgb these areas
are not necessarily salient. To address this pmobfaliency
map information has been integrated in [6] and [7].

B. Cumulative energy function

preserves semantic content. The coding scheme Jins[2  After defining the salient part in the energy fuant it is
shown to achieve significant bitrate savings comgato necessary to define the optimal seam to removes ihilone
conventional H.264/AVC, while the salient objectse a by dynamic programming in the cumulative energyction.
preserved and the geometry scene is well reconsttLc Avidan and Shamir first proposed backward enerdyt¢3

suppress paths with minimum energy. However, thigtion



fails to measure the consequence of seams suppreasd information for the seam positions becomes too iBogmt
leads to some visual artifacts. Therefore, Rubinsét al. and it is preferable to use a traditional coder.

proposed in [8] to use forward energy, which take® Based on the above considerations, the scheme ]in [2
account seam suppression. It is defined as: approximates the seams by regrouping them and only
M@Gi-1,j—-1) +C.(,j) encoding some key points. Given that the seamslaadient
MG, ) = e(i,j) +{ M@G—-1j) + Cy(i,j) objects, seams are regrouped with a concentratiij)eri_on
M@i—1,j+1) + CrG ), and each group is encoded. This information is uhaihg
where the reconstruction of the frame to control the fiosiof the
AT T s ANt seams. This is done by modifying the cumulativergnenap
@)= ll(l'cl —E 3 _ Ilgl('ilj +11))| t III((il]_ _1i]))| 1G,j =D at the decoder. However, the method in [2] has some
Colif) = |I(i,jl4j— 1') . I(i,j‘— D+ |I(i'— 1,9) = 1G] + 1)) limitations. The energy map has a simple desigrceoring

fg}e temporal aspect and the synthesis needs emhante

The new scheme proposed in this paper addresses the
shortcomings of [2] by introducing several improvaddules
C. Content synthesis leading to better performances.

When seam carving is used to enlarge an imagegbnt IIl. QUALITY METRICS
synthesis is needed. Linear interpolation, onehefgimplest ) ’ )
methods to synthesize missing areas, is often iseam _ Assessing the performance of a semantic contenteawa
carving [3] and [8]. It performs well as long asses do not Video coding scheme remains a challenge.
cross textured areas or get too close from eackroth [9],  Metrics such as Peak-Signal-to-Noise-Ratio (PSNR) o
V6 proposes a multiframe interpolation using neigisames. Structural SIMilarity (SSIM) [16] compare corresjutimg
However, these interpolation techniques tend toviien the Pixels or blocks in the reference and processedgasia
missing area to be recovered is too large. However, these metrics fail when geometric defoiomat
Domingues etal. propose in [7] to use the inpaintingPccur . . . .
approach from Bertalmio et al.[10This inpainting is quite  SOmMe metrics have been defined for image retaigetin
efficient for rebuilding structures, but often &atb reconstruct Azuma et al. have defined in [18] a full referemoetric based

ande(i,j)) is an additional pixel based energy measure,
instance an energy function, and | the image.

textured areas. on Scale-Invariant Feature Transform (SIFT) [178 85IM
to evaluate images resized by different retargesilggrithm.

D. Compression application Liu et al. presented an objective metric simulatimg Human
Seam carving has been applied to image/video casipre Vision System (HVS) based on global geometric stmes
[2],[6],[11],[12],[13],[14] and [15]. and local pixel correspondence based on SIFT if. [TRe

In [6], Anh et al. introduce a content-aware maslie objective of [18][19] is to evaluate resized (smaller) images.
image compression based on seam carving, becaigm@x These metrics are not designed to evaluate conipness
spatial scalable coders only support dyadic regwistand are artifacts and do not take into account the geometri
not content-aware. They reduce the spatial dimensiati deformations that can occur in some content-basddov
touching the Region Of Interest (ROI) and encoderdduced coding schemes.
image and all the information of the seams (pasitand Therefore, in [5] we have presented a metric esfigci
content).This leads to an important cost to repredee seam designed for this problem. This metric measures kinds of
information. Moreover, severe block-artifacts ocam the artifacts, geometric artifacts and compression faats.
boundaries of the ROI and non-ROI regions. Compression artifacts due to encoders like H.264ZA5fte

In [11], Deng combine the advantages of seam cgraimd measured by SSIM windows around SIFT points. These
wavelet-based coding to obtain a novel contenthapatial- windows are totally included in the object, so thsult is not
scalable compression scheme that solve the probfdstock disturbed by the synthesis of the content of thense To
artifacts in [6]. measure the geometric artifacts, the standard tiavia

To address the problem of overhead informationears between the matching of the SIFT points is computed
can be simplified by a straight line. Data prunimgs been Subjective tests in [5] show that the metric ackgwigh
used by V8 in [12]to spatially reduce the framed ancode correlation with Mean Opinion Scores (MOS).
them with H.264/AVC. Based on the same principleng et
al. propose to also reduce the tempora| d|men516|]] [rhe IV. PROPOSED SEAM CARVING FOR SEMANTIC CODING
problem of_ these approach_es is Fhe s_trong constoairthe A. General approach
seams, which may lead to visual distortions. ) o

Tanaka et al. propose a compromise between the twol € Pproposed seam carving scheme for semantic video
approaches. The seam positions are encoded usingwise coding is based on our earlier work in _[2]. The migiea is to_
straight lines [14]. The temporal aspect is considen [15]. USe seam carving to reduce the dimension of theovid

All these techniques perform well when the bitrage Seduence, while still preserving the semgntlc Eeie‘objgcts.
sufficiently high. But at very low bitrates, the eshead Then, the reduced video is encoded with H.264/AvighH

Profile and the seams are encoded with our propssieeime.



After transmission, the video sequence is recootdiat the
decoder side. Missing areas are synthesized by sgathesis
in order to recover the original dimension and tesprve
scene geometry. Fig. 1 shows the global approach.

H.264/AVC H.264/AVC
encoder decoder 1
Seam Seam
’ carving synthesis ’
Input

Seam position
encoder

Seam position
decoder

=T i

Fig. 1.Architecture of the proposed semantic video coduging seam
carving

In this paper, we introduce several improvementspared
to [2]. First, we propose a new energy map, achggguperior
temporal robustness and providing a better stoppiitgrion.
The stopping criterion is automatically definedoteserve the
salient content. Second, we develop a new way fioeland
encode the seams, resulting in an improved repiasem
Thirdly, we propose to use the shift-map method {d]
synthesize the content at the decoder. These batitnhs are
discussed in more details hereafter. Finally, otwppsed
approach is evaluated with the object-based qualisric in
[5] to assess rate-distortion performance.

B. Proposed energy map

The input video sequence is first divided into GO a
predefined size. Seam carving is next appliedathdrame
of the GOP as illustrated in Fig. 2. For each fraareenergy
function is defined based on gradient, saliency gmporal
information. Post processing is applied on thisrgyenap to
better preserve salient objects. The forward cutivel@nergy
map is then computed to define the seam to be sapgd. In
parallel, the energy map is binarized to obtairoatrol map.

This control map is used to decide when to stopmsea

suppression. More precisely, seam carving is ieraintil
touching an object in the control map.

ﬁ Frame j

Temporal
information Saliency Gradient
Frame(t-1), function function
Frame(t) | |
v
Energy
function
2
Post processing
|
v 4
Binarisation Cumulative
energy function
Control
map v

Seam suppression

\ 4

List of seams
Fig. 2.Overall seam carving scheme

1) Saliency map: In the proposed scheme, we use the
saliency map from [20]. It has the advantage toniodtiscale,
needs no training and is computed in the perceptokir
space CIE Lab.

In order to improve temporal robustness, the motion
intensity between the current frame and the previouthe
next frame is integrated in the saliency ma@pe saliency map
is defined based on 4 features: 3 from the CIE dalbr space
and the motion intensity. In the case of a moviamera, the
background has a global motion, whereas other tdbfetlow
local motion. In order to emphasize salient movaolgects,
global motion is computed and substracted fromrttotion
intensity obtained by optical flow. Finally, a teorgl
weighting of the saliency map is applied. The terapo
processing to compute the saliency map is illusttah the
Fig. 3.p has been empirically fixed to 0.3.

Frame(t-1) Frame(t) Frame(t+1)
LY Y LY Y |
vy (4]
Lab Optical Flow(t-1) Optical Flow(t)
Intensity + Intensity
- Lab Global Motion
Global Motion Subtractiol
Subtractiol
\ A7 : v
Saliency(t-1) Saliency()
- + Vectors
SalienCysimated
|
4

SalienCyFinal = 18 X Salienc)’estimated
+ (1 — B)xSaliency(t)

Fig. 3. Temporal processing for saliency map



2) Energy function: The energy function is then obtained

by combining the saliency map and the gradientrméion.
The gradient has a high value on the objects bsrdaty.
Therefore, a simple multiplication of the salienzyp and
gradient, as proposed in [2], may lead to the elation of
salient regions within the objects where the gnatdie small.

To alleviate this weakness, a new combination ippsed
here, based on a linear combination of the salienap and
the gradient

Egraq — min(Egraq)
max(Egraga) — min(Egraq)

ESaliency — min (ESaliency)

maX(ESaliency) — min (ESaliency)

Eoue =«

o

-

=

Fig. 4.Seams reordering : On the left, seams before rengjen the right,
seams reordered

In order to constraint the amount of overhead imfation
needed to represent seams, they are clusteredyiotps of
seams whose coordinates will be transmitted. Fempthrpose,
a k-median algorithm is used to find median seafi®
number of median seams is defined by the user.afterethe

where Eq is the energy obtained from the gradienhumber of median seams has been empirically chosen
Esaliency the energy obtained by the process defined in Figrange between 3 and 6. Each seam is then assotated

anda is a weighting parameter empirically fixed to OT3is
combination allows a better preservation of theorimfation
obtained from the saliency map (in particular iesithe
objects) and enhances the importance of the olpectiers.

3) Post-processing: In [2], median filter and dilatation are

applied on the control map in order to improvees#liobjects
detection. This approach has the advantage to prefierve
salient objects but stops the seam suppressioready. To
alleviate this shortcoming, the same post-procgs&nnow
applied to the energy map.

In this way, the reduction process can go furthéhwa
better preservation of the salient objects, becdliseseams
will avoid the area highlighted in the control mags the
control map is only a binarisation of the energypma

cluster by minimizing its Euclidian distance.

The median seams are used to define the coordidtes
each cluster. Given that the seam carving reirsefrocess
is performed from left to right and therefore pusliee right
part of the image, it is necessary to translatertkdian seams
coordinates accordingly. By this way, after theasertion, the
groups of seams are properly centered.

We now identify concentration areas in the perpeuldr
direction in order to define group of seams. Weehaweted
that the seams are concentrated between saliesttsebjrhe
coordinates of these concentration areas have émbeded to
correctly reposition the salient objects at theodee. To find
these areas, for each median seam, the cumulatigidEan
distance between the median seam and its assogiateg of
seams is calculated. This is done for each poith@fmedian

4) Isolated seams discarding: It is desirable to keep theseam. The concentration areas are then definedeagoints

spatial dimension for the GOP constant and in mlgltof 16.
In this way, no pixel padding is needed and theatffeness
of the subsequent H.264/AVC video coding is imprbve

For this purpose and as the number of seams taespfs
not constant from frame to frame, we propose ingresent
scheme to discard isolated seams. More specifidatly each
seam, the distance between the current seam argkbéme at
his left, respectively at his right, is computeaxty the lowest
value among the two distances is kept and assdctat¢he
current seam. Finally, the seam having the lardiestance is

suppressed. The process is iterated till the freimeereaches a

multiple of 16 to avoid pixel padding.

C. Proposed seam carving clustering

Seam carving is first applied in the vertical direc and
then in the horizontal direction. In each directicseam
carving suppresses seams one by one in an itefatieess.

The coordinate of the seams are defined relativéhéo
original image dimension. Next, all the seams aaranged
by ordering the horizontal, respectively verticabordinates
in an increasing order. In this way, the seamdafimed from
left to right, respectively top to bottom, and thdg not
intersect. This is illustrated with 3 seams in Hig.

with shortest distances.

To avoid keeping many points from the same conagatr
area, the seam is beforehand divided into subpzarts the
minimum cumulative Euclidean distance is searcluedefich
subpart. The number of subparts is defined by tker.u
Clearly, defining more subparts results in morecise seams
at the synthesis. An example is shown in Fig. 5reifteseams
are represented. In this example, 2 median seaendedined
but not represented here and the seams are divided?
subparts. The red rectangle represents the grosipanfis.

Fig. 5. Definition of the group of seams

The position of the group of seams, and the nunafer
seams for each group is encoded.
All the process is resumed in the Fig. 6.



scheme in [2]. The percentage of bitrate saved eoetpto

Coordinate Reorderin K-median . . . .. .
transformatio |l 9 > H.264/AVC High Profile for different methods isutrated in
Table I.
. TABLE |
Coder e G;'g:gnof o Shift < PERCENTAGE OFBITRATE SAVED COMPARED TOH.264/AVC AS A FUNCTION
OF QPI:(1) No SEAM CODING, (2) OUR PROPOSED APPROACH3) TOTAL

SEAM CODING, (4) APPROACH FROM2
Fig. 6. Seams encoding by regrouping approach ) M2l

. coastguard stefan
D. Proposed synthesis R 41.6% 17.8% 18.9% 10%
In seam carving, synthesis commonly uses linear I @ | @ | @) @ 1 1@ 161 @

24 34.3 34.0 -19.6 8.43 115 113 | -8.05 1.17

O G Ao NI U N LA 73 Y T AT
X 30 | 318 | 311 | -708 | 706 | 110 | 107 | -205 | 084
each other. The use of saliency map to creatertbB)® map[ 33 [ 305 | 206 | 1168 | 647 | 11.0 | 106 | 305 | 0.60
allows the seams to cross non salient texturedsassa [ 36 | 286 | 272 | -1966 | 568 | 113 | 10.7 | 451 | 0.60
preserve the salient parts. Moreover, our cluséset seam$ 39 | 263 | 241 | -317.0 3.86 | 115 | 108 | -64.8 | 041
positions encoding approach ensures that the semms 42 | 228 | 193 | -5387 | 126 | 117 | 106 | -99.2 | 0.29
grouped together. Therefore, linear interpolatiomot suited  Compared to an approach without seam encoding, evher
for our seam carving approach. the objects are deformed, our approach represerssiadl
To solve this problem, the inpainting algorithmrfr&varm overhead. At the opposite, an approach where allsgams
and Strandmark based on Shift-map has been chdi@hig are encoded cannot be envisaged for low bitratéicapipns.
algorithm is based on energy minimization overrgdaspace Compared to the approach in [2], we reach a highguction
of labels and is optimized using Gaussian pyramid. due to a better seams selection. By this way, f8r42, the
More specifically, the area to be synthesizedlisdiafter bitrate saved reaches 19.3% and 10.6% compared to
the reinsertion of one group of seams. The syrghési H.264/AVC for coastguard andstefan respectively. The gain
performed over a search area. On the one handséhaich is due to the proposed seam definition and reptaten.
area should not be too large to avoid using weaétyelated Fig. 8, Fig. 9 and Fig. 10 illustrate the rate ali§bn curves
data. On the other hand, it should be sufficiendsge to for the two boats otoastguard andstefan considered as the
preserve enough information to rebuild the textiiteerefore, salient objects. To measure the distortion, wethseobject-
the search area is defined as the smallest redmanbox based quality metric developed in [5]. It is cldaat for
including the group of seams, as illustrated irehilu Fig. 7. coastguard, our approach gives notably better results at all
The search area is then extended to twice the nuaflseams bitrates. Forstefan, seams have suppressed the crowd leading
in the group, in order to have enough texture imfation, as to good performance gains.
represented in I’ed in the F|g 7. RD curves for coastguard object 1

- - Smallest rectangle box
------ Research area
Wl Group of seams 08sF ]

SSIM SIFT

Fig. 7.Example of seam synthesis ol |

V. RESULTS
—+— H.264/AVC approach
To assess the performance of the proposed codivegrss Proposed approach
we use 2 CIF sequences with available binary setatien 035 ‘ . ‘ o fperoachin Bl
masks [21]: oastguard and stefan. The sequences are P A e T

temporally subsampled to 5 fps and we make ous test5
GOPs of 3 frames. 6 median seams with 3 key paints
defined horizontally and vertically. The thresholdf
binarisation has been fixed at 0.75 éoastguard and 0.9 for
stefan. These parameters have been empirically definkd. T
encoding is in full-Intra mode.

With the proposed seam carving scheme, the proisess
iterated until touching an object in the controlpm#& size
reduction of 41.6 % is reached fovastguard and 18.9% for
stefan. In comparison, a size reduction of 17.8% washedc
for coastguard and 10 % forstefan with the seam carving

Fig. 8.RD curves for coastguard — Object 1



RD curves for coastguard object 2
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Fig. 10.RD curves for stefan

The Fig. 11 shows the visual quality of the synithex$
frame obtained using the traditional linear intéagion and
the proposed approach based on shift-map. The vgabetter
synthesized. However, some artifacts remain vigible to the
lack of information in this large removed zone.

| " Lom o o =-. — 1 | | .
Fig. 11.Synthesis results for coastguard. Left: Shift-md&ight: linear
interpolation

VI. CONCLUSION

This paper describes a new semantic content-avides v [17]
coding scheme based on seam carving. Compared rto o
new

earlier work [2], we have introduced several
contributions leading to improved coding performanklore
specifically, we have introduced a new energy math \a
better temporal aspect, as well as a better cortibmaf the
saliency and gradient maps, which allows a bettesgrvation
of the salient objects. Groups of seams are nowmelkfvith a

k-median algorithm. The utilization of the Shift-m#4] to
synthesize the seams content at the decoder sids better
visual results on the background. Performance sssad
shows notable coding gains on ttaastguard and stefan test
sequence, using an object-based quality metric fd].a
quality of SSIM=0.9, we reach a bitrate saving 4¥2for the
left object ofcoastguard and 10.7% fotefan.

In future work, we will consider improving the Shihap
synthesis by exploiting the temporal aspects. Maggowe
will also investigate seam carving along the timis.a
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