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ABSTRACT

Compression standards such as H.264/AVC encod® \@dguences to maximize fidelity at a given bitratewever,
semantic-oriented and content-aware compressiominsma challenge. In this paper, we propose a dioneideo
compression method using seam carving. Seam cactiagges the dimension of an image/video with aurgform
resampling of each row and column while keepingrdetangular shape of the image. Our main conidhus a new
approach to identify areas where seams are comatedirOn the one hand, it allows to transmit supplgal seams data
at low cost. On the other hand, seams can be sinutkat the decoder in order to recover the aidgiame size and to
preserve the scene geometry. Experiments showotltaseam carving method combined with standard 4426C
coding results in significant bitrate savings conegawith the original H.264/AVC. Reported gainsale@9% at very
high bitrates and 22% at very low bitrates. Furntiane, the reconstructed video has the same qualisgmantically
significant regions.

Keywords: video coding, seam carving, image resizing, sajienap, content-aware semantic compression

1. INTRODUCTION

Video compression aims at efficiently representmgge data in order to allow easy storage and itnasson. Common
solutions include standards such as H.264/AVC [ithwhe goal of maximizing fidelity between the girial and
compressed images at a given bitrate. In this stnfielelity is generally assessed using well-knogurality metrics
such as Mean Square Error (MSE) and Peak Signdbtse-Ratio (PSNR), or perceptually-based metrizshsas
Structural SIMilarity Index (SSIM) [2].

In this paper, we consider the problem of video pmssion under a different angle. More specificaliyp aim at
preserving the visual quality of the important paahd the semantic content of a video. We targeirigg applications,
such as video monitoring using drones, wherevery important to preserve the salient regionsthetbitrate available
is very low. As the background carries a very lagngicance, it can be shrunk. The bitrate is tigegatly reduced while
the quality and position of the important objectshie video are preserved.

In order to achieve this objective and to improidew compression efficiency, we propose to use ssawing. Avidan
and Shamir [3] introduced seam carving for contamére image resizing that preserves semantic coriteparticular,
this technique has been shown to efficiently atlagsize of an image in order to match a displag.sfeam carving is a
method based on an energy function and a cumulatggy function. Most past works try to improve thnergy
function [4][5][6][7] and the cumulative energy fetion [3][8][9] to avoid that important parts ofetimage be deformed
and to keep temporal coherence for video resizinfpw more recent works use seam carving to conspraages and
video sequences [10][11][12][13][14][15].

In this paper, we define a new method where seawincpis applied in conjunction with a conventiongdieo coding
scheme such as H.264/AVC. As our method is a pdepast processing, the generated bitstream is ciilohgpavith all
types of video and image standards.

More specifically, the video is split into Group$ Rictures (GOP) with a predefined size. Next, \8e seam carving to
spatially reduce the original GOP dimensions ineordo discard insignificant information while safregding

semantically important regions. For each GOP, tiraber of seams suppressed is defined according tontent and is
the same for all frames in the GOP. The motivaisoto take into account temporal coherence andt la more robust



approach. Video compression is then applied ordtvwenscaled video. Given that the quantity of dats been greatly
reduced, compression is more effective than whetiegpon the original GOP. In order to be abledoaver the original
spatial dimensions without disturbing the obje@mantic and the scene geometry, we analyze abe¢bhens positions
and encode some key points. With this approach,atheunt of data to transmit the seams informat®mrieatly

reduced. At the decoder side, these key pointga@lotiite seam carving up-sampling by modifying tinergy function.

In this way, the new seams positions are adapttdthé content.

We carry out extensive performance evaluation exparts to show that the bitrate is greatly decreéagieen using the
proposed seam carving based video coding. This gaiabtained while maintaining high visual qualiby the
semantically interesting regions.

This paper is structured as follows. An overviewseim carving is presented in Sec. 2. The propsse@ntic video
compression method based on seam carving is irdeotdin Sec. 3. Experimental results are present&e¢. 4 to assess
the performance of the proposed approach. Finatlydraw conclusions and discuss future work dioestin Sec. 5.

2. SEAM CARVING REVIEW

Seam carving is a new approach to resize imagetleo sequences while preserving semantically itgmbrcontent
[3]. A seam is an optimal 8-connected path of @@l a single image from top to bottom or leftight. Formally, let
be ann x mimage, the termaertical seanis defined to be the set of points

s ={sf Y, = {x@), 3L, s. 6.V x() —x(@— 1) < 1, (1)
with x the horizontal coordinate of the point.

Note that similar to the removal of a row or colufmom an image, removing the pixels of a seam famimage has
only a local effect: all the pixels of the image ahifted left (or up) to compensate for the miggath. The cost of the
seam is defined by an energy function and an enawgwlative function. Most of the works have foaiss these two
functions in order to improve the seam path suahithportant regions are preserved.

2.1 Energy functions

The first energy function proposed by Avidan an@u8 [3] is the gradient magnitude on the luminacomponent. In
[10], Anhet al.use a combination of a saliency map and the madmiof gradient. Other works propose to use differe
kinds of saliency maps [4][5][6][7] with or withot&king the temporal aspect into account.

2.2 Cumulative ener gy functions

These cumulative energy functions are dynamic pmogning algorithms and are used to find the mininoummulative
energy path. In the case of a vertical seam, tis¢ dtep is to traverse the image from top to mottod compute the
cumulative minimum energW for all possible connected seams for each enfly Avidan and Shamir [3] propose to
use backward energy to find the optimal seam pake drawback of this method is that it does not suea the
consequence of the suppression of a seam and eatie some artifacts. Therefore, Rubinstgial. propose in [8] to use
forward energy defined as:
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And P(i,j) is an additional pixel based energy measure, fiaice an energy function as defined in Sec. 2.1.

The advantage of this function is that it meastinesenergy due to newly inserted spurious edgegelah, artifacts may
appear when a seam is removed and previously nacead pixels become neighbors. Recently, Frankogind Wong



propose an absolute energy which is a combinatfofioravard energy and energy gradient [9]. To take temporal
aspect into account, Rubinstahal[8] use graphcuts to compute temporal seams.

2.3 Seam carving for image/video compression
Seam carving has been recently applied to imagegvidmpression [10][11][12][13][14][15].

In [10], Anhet al.introduce a content-aware multi-size image compoadsased on seam carving. More precisely, the
proposed codec encodes an image into a contenegwagressive bitstream where the seams positidnvalue are
encoded. As for the seams position, the absoludedamatex of the first pixel of the first column is encodadd then the
difference between the first pixel of the previ@edumn and the first pixel of the current colummor Ehe other points,
the difference between the current pixel and threvipus pixel of the same seam is encoded. For dle,cthe same
concept is used by replacing tkecoordinate by the absoluf®, G, B values. For all the encoded information, an
arithmetic coding is used. To compute the seamingna saliency map multiplied with the gradienused as energy
function. A Region Of Interest (ROI) bounding baxdalculated with the dimensiomg x hy on the saliency map to
control the reduction process and stop it whernreldeiced image reaches W 1.5,

Tanakaet al. propose an image coding scheme which incorporsgas carving [11]. An image reduced by seam
carving is transmitted, along with information abtloe seams position. As this information is veogtty, the seams
positions are approximated and the se®&n&, B values are not transmitted. More precisely, tresepositions are
estimated as "pillars" of lengtk, such that the cost of a seam is {8)fN bpp. To define the pillar length, a top down
approach is applied on a modified cumulative enéunggtion (combination of the forward energy andrss bitrate with

a Lagrangian multiplier). The stopping criterionbased on the cumulative energy: if a seam hasraletive cost
superior to a threshold, the reduction proces®jgped. Results are evaluated with a SSIM metiic [2

In [12], Wang et al. simplify seam carving principle by requiring supgsion of straight lines (vertically and
horizontally). They combine reduction of the numbg&frames with the reduction of the spatial dimengy using this
method. The energy function is a gradient compingatie same direction as seam carving. A diffugiorction is used
to avoid seams which are too close to one anadisat,may create visual distortions. The evaluaiotione with PSNR.

The method proposed in [1Bhproves upon [11] to limit artifacts created dgrinterpolation. The idea is that the seams
should avoid textured areas and the border of thjefcseams cross these areas or are too clameetanother, artifacts
may appear during reconstruction by linear inteapioh. Therefore seams are required to pass thrangbrm areas
even though these may include important regioris@ifmage. For this purpose, a bottom-up approsciséd instead of
a top-down approach to define the length of amagitpillar and to update the Lagrangian multiplier.

In [14], the authors apply the method in [11] fadeo reduction based on the graphcut approach]oT [& same seam
is deleted for the current GOP and an 8-connegigllowed with the seam from the previous and #hw GOP in order
to avoid artifacts at the transition between GORscompute the seam for the current GOP, all @m@s are used but
the intra-frame is given more importance. During #valuation, only one Quantization Parameter (@Rjsed for all
the frames of the two test sequences. In [15]eagiise linear approximation is proposed to fireldptimal seam. The
novelty is that the pieces of seams can have diftadirections and lengths.

In [11][13][14][15], the seam computation is modii by combining the forward energy with the seanmmding cost.
2.4 Limitations of current seam carving approaches for image/video compression

When seam carving is applied to image and videopeession, the decoder has to synthesize seamsdidasaded at the
encoder in order to recover the original dimensiorige traditional approach for up-sampling by sezarving is to
apply the same process as in down-sampling by smewing, but instead of deleting seams, to rathserit them for
instance by duplication or interpolation. Two madiifficulties arise. First, this process does nugwege that the inserted
seams are in the same position as the deleted s8awstnd, pixel duplication or interpolation magranluce artifacts in
the synthesized image or video sequence.

The approaches discussed in Sec. 2.3 do not usecaaing up-sampling to synthesize the seamseaaistthe position
of each seam is encoded. However, the cost toriiatkis information may be prohibitive comparedth® saving
resulting from the size reduction. Consequentlgséhapproaches only suppress few seams in ordierit@eams data
overhead and to avoid synthesis problems.



Our main contribution is a new way to representreefor compression and synthesis. More specificalffirst step is to
identify groups of seams and then to select thet meevant ones which are encoded and transmiftbis. approach
results in very low overhead to transmit seamstjposiWe have also defined a new way to find seamigh avoids
important areas by modifying the cumulative enamgpps. If a seam cross an important region, instéatiopping the
process of reduction, the last value of the searthéncumulative energy map is saturated and then seaving is
restarted. For the synthesis, a modified cumulativergy map allows good reconstruction of the sggE@metry and
preservation of the salient objects.

3. PROPOSED SEMANTIC VIDEO CODING USING SEAM CARVING

Given the limitations of current seam carving apfes for image/video compression, our objectivte significantly
reduce the bitrate while preserving the semantitest. For this purpose, we propose a new appré@chemantic
video compression with seam carving.

3.1 General approach

A block diagram of the proposed architecture iswahén Figure 1. The different modules will be délsed in details
hereafter. The main idea is to use seam carvimgdoce the dimension of the video sequence. Themeduced video
sequence is encoded with a standard H.264/AVC caddcthe seams are encoded with our proposed sclidtae
transmission, the videos sequence is reconstrattdte decoder side to recover the original dintamsind to preserve
scene geometry.

input output

video ) H.264/AVC H.264/AVC ) video
——p»| seam carving encoder — decoder —»| seam synthesis 4%

seams position seams position
encoder decoder

Figure 1. Architecture of proposed semantic videdireg using seam carving.
The input video sequence is first divided into G@#th a predefined size.

Seam carving is next applied to each frame of th¥PGs illustrated in Figure 2. As discussed instate-of-the-art,
several methods exist to compute the energy fumetitd the cumulative energy function. In this paper choose the
saliency map of [17] combined with a gradient asrgy function. The proposed seam carving algorithmetailed in
Figure 2 (a). The saliency map of [17] has the athge to be multiscale, needs no training and mpeted in the
perceptual color space CIE Lab. To take into acteemporal aspects, the current saliency map ealiy weighted
with the previous one. To smooth the block effeotrf the multiscale approach while preserving theartant parts of
the frame, we then multiply the saliency map witiradient to form our energy function.

As the forward energy in [8] has proved to be neffecient than the backward energy [3], it is choss cumulative
energy function.

In parallel, we apply a threshoRinarisation_Thresholan the saliency map to separate the importantctdbjeom the
background and to obtain a saliency binary maskt,N@ median filter is first applied to suppressainartifacts,
followed by a dilatation to avoid that seams passdose to salient regions.

To control the number of seams to be removed,dheviing process is carried out. Seam carvingrist xecuted until
the stopping point when a seam passes inside liem®abinary mask is reached. At this stage, #st position of the
seam is saturated. Seam carving can then contimile @voiding salient regions. This saturation gsxis repeated
Nb_Seam_Jumiimes. This approach allows to avoid importantareven though the cumulative energy is low.

As shown in Figure 2 (b), seam carving is appliedtigally and horizontally on each frame, using #igorithm of
Figure 2 (a). As the standard video coding H.2647AMses a 16x16 macro block structure, we suppress by
multiples of 16.
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Figure 2. Proposed technique: (a) detailed seawingpalgorithm, (b) application to vertical and tzontal seam carving reduction.

The GOP-based seam carving process is illustrat&iure 3. It is desirable to keep the spatialefigion for the GOP
constant and in multiple of 16. In this way, noglipadding is needed and the effectiveness of H&62 video coding
is improved. Moreover, it helps guaranteeing terafpprcoherent processing. For this purpose, seawingais applied
on each frame of the GOP as described in Figufieh@.number of seams that can be suppressed forfreant of the
GOP is obtained. Next, we choose as selectiorricnitéhe smallest number of seams removable amuagiamber of
seams suppressible for each frame of the GOP.Ifsithé reduced GOP frames are encoded using HA&2ideo

coding. In parallel, seams position is encodedessribed in Sec. 3.2 and 3.3.

GOP frames

list of vertical and horizontal seams
for each frame in the GOP

seams

number of seams

reduced G

suppression GOP selection
(multiple of 16) (multiple of 16)
OP framesi L
H.264/AVC seams position
video coding coding

Figure 3. GOP-based seam carving process.

H.264/AVC bitstream
for reduced GOP frames

3.2 Seamsanalysisto define group of seams

v

encoded seams

Our objective is to encode seams in a lossy waly feilv bits. In this section, we present a methoideatify key points,
or group of seams, in order to avoid a large datat®ad. It is motivated by the observation thatseavoid important
objects in the image and are therefore concentratesbme areas. More specifically, key points aneomatically
detected and their positions are transmitted. Rersake of simplicity, we describe the method an¢hse of a vertical
seam carving, but it is straightforward to extendoi the horizontal case. Table 1 summarizes tpisr@ach as

pseudocode.



Table 1. Pseudocode for group of seams detection.

Define Group of seams

For ldx_Line=1: Height

For Idx_Seam_In_Line=1: Nb_Seam_V

If Idx_Seam_In_Line==

Nb_Groups[ldx_Line] = 1

Position_Group_Seam[ldx_Line, Nb_Groups[ldixd]] = Seam[ldx_Seam_In_Line]

Nb_Seams_In_Group[ldx_Line, Nb_Groups[ldx dlin= 1

Else

If Seam [Idx_Seam_In_Line] - Seam[ldx_Seam_In_Line-1] <T_Gpe

Nb_Seams_In_Group[ldx_Line, Nb_Groups[ldxe]]++

Else

Nb_Groups[ldx_Line] ++

Position_Group_Seam([ldx_Line, Nb_Groups[ldxe]] = seam[ldx_Seam_In_Line]

Nb_Seams_In_Group[ldx_Line, Nb_Groups[ldixd]] = 1

End // if

End // if

End // ldx_Seam_In_Line

End // Idx_Line

Select key lines

For Idx_Key Line=1:Nb_Key Lines

Current_Line = Idx_Key_Line*Height/Nb_Key Lines

Size_Biggest_Group =0

Position_Key_Line[ldx_ Key_Line] = Current_Line

For |dX_O§:i”ate = - Kosillate/ 2 : K oscillate/ 2

If (Current_Line+ ldx_Oscillate) >0 && (Current_Line+ Idx_Oscillate) < Height

For ldx_Group =1: Nb_Groups[Current_Line]

If Nb_Seams_In_Group[Current_Line + |dx_Oscillate, Nb_Groups[Current_L in€]] > Size _Biggest_Group

Size_Biggest_Group = Nb_Seams_In_Gi@upknt_Line + Idx_Oscillate, Nb_Groups[Current_¢Jin

Position_Key_Line[ldx_Key_Line] = Cunte Line

End // if

End // 1dx_Group

End // if

End // ldx_Oscillate

End // Idx_Key_Line




First, for each line perpendicular to the seamiogrpath, we scan the position of the seams aneuegtogether the
positions. More precisely, given a current seanitipos if the distance to the next seam positiommsler a threshold
T_Gpe we add the position to the group, otherwise veaiE a new group. The process is iterated untietiteof the

line. The next step is the selection of key groopsa predetermined number of lindb_Key_LinesTo initialize the

process, we select equidistant reference lines,Tedach liney oscillates in the interval

Koscillate Koscillate
{y_ozllt;y+ozllt} (6)
and the line having the largest group is selecAdrwards, we save the position of the key linel afl the group of
seams position on this line. We underline thas it judicious to keep only the position of thegést group of seams
on the key lines as it may results in shifting dretorting the frame during seams synthesis.

Figure 4 illustrates our parameters in the case\@drtical seam carving for a 10x5 pixels imageheeolor represents a
seam. IfT_Gpe=0, the first line y=1) is composed of one group of 4 seams and a degronip of 2 seams. T_Gpe=2,
the first line is composed of one group of 6 seams.continue our illustration by fixing_Gpe=1 and a number of key
line Nb_Key Linesl. The key line is initialized at the lineg=3. The next step is to find the largest groupesrss. If
Koscilate=0, the key line selected y&3 and the largest group of seam is the first oitke &vseams. IKsq11=2, the key
line selected is the ling=2 and the largest group of seams have 6 seantlislcase, we save the position of the line
y=2, the position of the group of seaxn3 and the number of seams inside which is 6.

Figure 4. Example of seams analysis to define apgod seams.
3.3 Group of seams encoding

To encode the seams position while limiting therbead cost, we exploit the characteristics of atadepresentation.
For the sake of simplicity, we describe the encgdor vertical seams, but it is straightforward extend it to the
horizontal case. Table 2 summarizes the procedupseudocode.

For each GOP, we first encode the number of vertem@ams suppressedb Seams_Suppressed_With
(ceil(log,(Width))) bits and the number of key lindd¢h Key Lines_Mwith (ceil(log,(Height)))bits.

For each frame of the GOP, we then encode the mawimumber of groups of seams, notélol Groups_Max with
(ceil(log(Nb_Seams_Suppressed_\ij} , and the maximum number of seams in a groogdNb_Seams_Maxvith
(ceil(logy(Nb_Seams_Suppressed_\B)js.

For each key line, we first encode the number obupgs for this key line,Nb_Groups with (ceil
(logo(Nb_Groups_Max)))bits. Next, we encode the coordinate of the liR@sition_Key Ling with (ceil (log
(Height_Reduce — Coordinate_Previous_Lind)}¥. For the first lineCoordinate_Previous_he = 0 and for the other
lines,Coordinate_Previous_Linis the position of the previous line.

Finally, for each group in the key line, we encathe coordinate of the group witfceil(log,(Width_Reduce —
Coordinate_Previous_Group))¥or the first groupCoordinate_Previous_Group=@nd for the subsequent groups,
Coordinate_Previous_Grouis the position of the previous group. We encode ¢he number of seams in the groups
with (ceil (logx(Nb_Seams_Max — Nb_Seams_Accumbli}y) For the first groupNb_Seams_Accumul=@nd for the
others groupslb_Seams_Accumisl the number of seams previously accumulatedarkey line.



Table 2. Pseudocode for group of seams encodingeftical seams; the process is similar for horiabseams.

Semantic
Number of bits used for coding

For 1dx_Gop =1: Nb_Gop

Nb_Seams_Suppressed_V

number of vertical seams suppressed
(ceil(log(Width)))

Nb_Key Lines_V

number of key lines
(ceil(log(Height)))

For Idx_Frame=1: Nb_Frames In_Gop

Nb_Groups_Max

maximum number of groups of seams
(ceil(logx(Nb_Seams_Suppressed_V)))

Nb_Seams_Max

maximum number of seams in a group
(ceil(log(Nb_Seams_Suppressed_V)))

For ldx_Key Line=1:Nb_Key Lines

Nb_ Groups[ldx_Key_Line]

number of groups for this key line
(ceil(logx(Nb_Groups_Max)))

If ldx_Key Line==1

Position_Key_Line[ldx_Key_Line]

coordinate of the key line
(ceil(log(Height _Reduce)))

Else

Position_Key_Line[ldx_Key_Line]

coordinate of the key line
(ceil(log(Height_ Reduce— Position_Key_Line[ldx_Key_Linejl]))

End

For 1dx_Group =1: Nb_Groupg[ldx_Key_Lin€]

If Idx_Group ==1

Position_Group_Seam[Position_Key_Lide[IKey Line],
ldx_Group]

Coordinate of group of seams
(ceil(log(Width_Reduce)))

Nb_seams_Accumul =0

Number of seam previously encoded

Nb_Seams_In_Group [Position_Key_Lirx[IKey_Line],
Idx_Group]

Number of seams in the group
(ceil(logx(Nb_Seams_Suppressed_V)))

Else

Position_Group_Seam[Position_Key_Lide[IKey Line],
ldx_Group]

Coordinate of group of seams

(ceil(log(Width_Reduce—
Position_Group_Seam[Position_Key_Line[ldx_Key_Ljidk_Group-
1)

Nb_seams_Accumul += Nb_Seams_In_Group
[Position_Key_Line [Idx_Key_Line], ldx_Group-1]

Number of seam previously encoded

Nb_Seams_In_Group [Position_Key_Limkx[IKey _Line],
ldx_Group]

Number of seams in the group
(ceil(log(Nb_Seams_Suppressed_V — Nb_seams_Accumul)))

End

End // 1dx_Group

End // ldx_Key_Line

End // 1dx_Direction

End // Idx_Frame

End // ldx_Gop

3.4 Seam synthesis controlled by group of seams

In this section, we present the modified energy teapequire seams to pass through the key poirftaetkduring the
seams analysis. This approach prevents the seapassahrough important objects and allows theifsignt regions to
find their original position.



To proceed, we follow these different steps. Witike frame has not reach its original size, we cdmghe energy map
of the frame at the current dimension. For eachlikey we retrieve the positions of the group ddres. Afterwards, we
compute the energy cumulative map. Every time wehe key line, the energy cumulative map is medifiy adding a
valueValue_Addo the line excepted at the position of groupesms. We continue by finding the seam that minimize
the cumulative energy map and we add the seaneifrdime and compute the pixel value. For the serxe$ value, we
can use inpainting as in [16] or a simple linedetipolation as in [3][11][13][14]. The linear inf@lation sometimes
creates synthesis artifacts.

Figure 5 shows an example of the approach foréheence Soccer with the seams and key lines vidibleigure 5 (a),
the key lines correspond to the main objects. uié 5 (b), the reconstruction seams are well jposit on the key
lines. The objects are not deformed and the gegroéthe image is preserved.

(@) (b)

-f)f::/m&\}\:: —

S —

Figure 5. Example with group of seams visible ayrdtesized seams:
(a) seams (in orange) with key points (in blackg¢sed with our approach, (b) synthesized seamsréinge).

4. RESULTS

To illustrate our results, we make the choice te Bigifferent CIF sequences: Coastguard, ContaSmscer and 1 SIF
sequence: Tennis. The sequences are temporallgirepted to 5 fps and we make our tests on 5 GOBgraimes.

The proposed seam carving method adapts the arnbreduction to the content. For instance, we reaarage spatial
reduction of 50 % for Coastguard, 19.4% for Soc26r55% for Tennis and 27.12% for Container. iiplained by the
observation that salient objects are relatively [smaCoastguard, whereas Soccer includes largiergaobjects with
fast motion. Tennis and Container fall in-between.

The different parameters have been heuristicallyedi to T_Gpe=1 Nb_Key Lines=4 Kogiiae=20 pixels,
Value_Add=10000Binarisation_Threshold=0.75andNb_Seam_Jump=168Ve compare our approach with a standard
H.264/AVC coding scheme, an approach using seawmincpbut without transmission of seams and one withssless
coding of all the seams positions. H.264/AVC isdugeintra coding mode. For the approach withoahsmission of
seams, we make the following improvement. InstefaidsertingN seams by finding thBl first minimum of energy in
the cumulative energy map, we use a binary mapdbaisehe saliency map to control the insertion. &precisely, the
seam carving process finds the minimum of enerdy am important area on the binary map is reacidhis moment,

X seams are inserted. This process continuesNistlams have been inserted and the image reacleigital size.

Overhead information has to be send to synthesisstdams at the decoder side and avoid object tilistorand
geometry scene errors. The corresponding dataigdatelependent of the video coding bitrate. Thexefethe cost to
transmit the seams becomes more important at luigipession ratios.

The reinsertion of the seams creates two kindssbdion: the first one due to the position of teésertion which may
create local translation, and the second one dude@adding of the seam. We underline that weirgerested to
preserve only the important content, whereas tlogdraund can be more distorted. As we apply theesguantization
for all the methods, we assume that the qualitghef important regions remains the same. Howevéirydterence
metrics such as PSNR and SSIM [2] are not apprigprieassess the quality of our proposed method.

Figure 6 illustrates the coded bitrate for diffdreileo sequences and for different Quantizatiorafaters Intra (QPI).
These results are also summarized in Table 3.tBigaving obtained by seam carving depends stranglyne amount
of spatial reduction, but also on the backgroundteat. For instance, a suppressed moving textwadsléo more
significant bitrate saving than the suppressioruniform areas. The proposed technique leads tafisigmt bitrate
savings at high bitrates (low QPI), when comparedHt264/AVC. However, these gains decrease alor) wi
decreasing bitrate (high QPI). At mid-range (QPIx24r approach results in bitrate savings of 3%550.69%, 7.92%



and 8.68% for Coastguard, Soccer, Tennis and Gmrtaespectively. For all sequences, the bitrataiobd with our
proposed approach is very close to the one withmtethod without seams transmission. In other wdtdspverhead to
transmit seams position with the proposed technigueery small. Finally, the transmission of aletekeams position
results in a very large overhead. Hence, this maigonly viable at very low QPI and performs ggat high QPI.
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Figure 6. Bitrate (kbps) as a function of quandifion parameter (QPI):
(a) Coastguard with 50% spatial reduction for theltsequence, (b) Soccer with 19.4% spatial redndbr the total sequence,
(c) Tennis with 26.55% spatial reduction for theateequence, (d) Container with 27.12% spatial ¢t for the total sequence.

Table 3. Percentage of bitrate saved compared264/#AVC as a function of QPI:
(1) no seam coding, (2) our proposed approachp{8) seam coding.

Coastguard : 50% Soccer : 19.4 % spatial Tennis: 26.55% Container: 27.12%

spatial reduction for reduction for thetotal spatial reduction for spatial reduction for

the total sequence sequence the total sequence the total sequence

QP ] (D) ? ©) ) ? ©) ) 2 ©) ) ? ©)
6 39.88 | 39.47 | 23.03] 14.95| 1469 | 7.35 | 18.74| 1850 | 9.60 | 15.78 | 15.50 | 4.93
12 | 40.35| 39.71 | 14.27| 14.62| 14.24 | 3.44 | 1890 | 18.54 | 5.44 | 15.46 | 15.03 | -1.20
18 | 37.41| 36.47 | -1.40 | 1290 | 12.32 | -4.24 | 1490 | 1433 | -6.53 | 12.28 | 11.61 | -13.63
24 | 33.11| 31.55| -31.22] 11.70 | 10.69 | -18.00] 8.96 | 7.92 | -29.85] 9.81 | 8.68 | -33.77
30 | 30.34 | 27.40| -90.8 | 10.91 | 8.87 | -49.49] 6.79 | 4.79 | -67.79] 6.93 | 4.88 | -72.20
36 | 28.75| 22.37 | -234.3] 8.89 | 3.94 | -137.3] 7.54 | 3.34 | -149.4] 5.24 | 1.25 | -149.0

Figure 7, Figure 8, Figure 9 and Figure 10 showesonded images examples at QPI=24 for the sameafiuoaches
under consideration. The synthesis of the searawalkeeping the context such that the visual qualfithe important
regions is preserved. In Container and Soccersyhthesis of the seams in the background is veny teanoticed with



our approach and the results are very close toagiroach with the transmission of all the seamstipos. In
Coastguard and Tennis, as we use a linear intdipoland as seams pass through texture areascsstifire visible.
However, the context remains preserved. Neverthetbe synthesized sequences give visual resutsthe approach
that transmit all the seams positions. Convergelsults without transmission of seams are rather.pbhe player is
severely distorted in Tennis. In Coastguard, thiégolo of the coastguard boat is disturbed and istjom is shifted. In
Soccer, the three soccer players are disturbedtWiden the left are bigger and the one on thetiigtaller.

- "W
Figure 9. Tennis: (a) conventional H.264/AVC, (b)seam coding, (¢) our proposed approach, (d) $e@n coding.

(b) f (© | |

Flgure 10 Contalner (@ conventlonal H 264/AVC rfb)seam codlng (c) our proposed approach (d) geam codlng

5. CONCLUSION

The main contribution of this paper is the develeptmof a new semantic content-adaptive video codafgeme. We
apply seam carving to reduce the spatial resolufdhe video and compress the resulting reduceelovsequences with
a standard video codec. A new low cost represemtaif seams is introduced. This information comstrifie seam
carving up-sampling during seams synthesis atéloedker side, in order to preserve the semanticeofideo sequences.
The salient objects are preserved, and the georseéiye is well reconstructed. Compare to conveatibli264/AVC
coding, the proposed technique leads to signifibérdate savings.

Future works will address new metrics to assess @aving performance, a better handling of temipaspects, and an
improved approach to synthesis the background.
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