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Efficient Background Video Coding With
Static Sprite Generation and Arbitrary-Shape
Spatial Prediction Techniques
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Abstract—In this paper, an efficient static sprite-generation and separately compress the background and the foreground in
compression scheme is proposed for background video coding.the past decade [1]-[4]. It could not only achieve high coding
First, considering both short- and long-term motion influences, efficiency, but also offer many desired functionalities that
a hybrid technique is proposed in the sprite generation to search S . .
the background motion relative to the generated sprite image. In never exist in the frame-based COd'n_g schemes. Such CO.(j'ng
order to prevent the sprite image from being blurred due to the approaches are well known, as the object- or layer-based video
inaccurate segmentation, a reliability-based blending technique coding [4].
is developed. Both the background video at every frame and  The sprite technique provides an efficient and concise method
the sprite image are categorized into reliable, unreliable, and ¢, the representation of the background video object. A sprite

undefined regions. Each region uses a unique strategy in blending. . . . . . . .
This makes the proposed technique work well even in the case is an image composed of pixels belonging to a video object vis-

of coarse segmentation. Second, an arbitrary-shape spatial pre- ible throughout the video sequence [5], [6], which is also re-
diction technique is proposed to efficiently compress the sprite ferred to as the background mosaic in the literature [7]-[11].
image. Due to the property of the background video object, the Since the background sprite has contained all parts of the back-
sprite image often contains many flat and texture-correlation ground that were at lease visible once in a video sequence,

regions. Therefore, utilizing directional spatial prediction can it b d for direct tructi dicti di
significantly improve the efficiency of sprite coding. In general, It can be used for direct reconstruction or predictive coding

the generated sprite is not a rectangular image. Since traditional Of the background video object plane (VOP) at every frame.
spatial-prediction methods have difficulty in handling those Some sprite-based video-coding techniques have been studied
contour blocks, a padding technique derived from rate-distortion jn the past years [12]-[16]. Leet al. first proposed a layered
optimization is proposed. Experimental results show that the video-object coding system using the sprite technique and the

proposed scheme can generate the background sprite image with ___. . . . .
better visual quality. Compared with the MPEG-4 sprite-coding affine motion model [12]. Grammalidist al. applied the sprite

scheme, it can also significantly improve the coding efficiency up technique to the multiview video sequence coding [13], [14].

to 3.0 dB at low bit rates. Smolic et al. proposed a long-term global motion estimation
Index Terms—MPEG-4, object-based video coding, spatial pre- (GME) technique for on-line sprite coding [15]. In [16], a hi-
diction, sprite generation, static sprite coding. erarchical GME technique was proposed for sprite-based video

coding. The static sprite-coding technique is also accepted in the
MPEG-4 standard [17].

This paper aims at discussing the background video coding
HE FUNDAMENTAL problem in video coding is how based on the static sprite technique. In a real video-coding
to efficiently exploit the correlation among frames. Irsystem, e.g., video conferencing, the static background sprite

general, the correlation presented in the background regisrage can be generated offline, and then compressed and
of a video sequence may be quite different from that in tdgansmitted prior to the other video objects. In this way, the
foreground region. Variations in the background over a viddmckground sprite is already available at the decoder when the
sequence are mostly caused by the camera motion. This kissgr starts the playback of the reconstructed video. Motion
of motion can be compactly represented with a global motidrajectories are encoded into the transmitted bitstream of every
model. Therefore, some approaches have been proposedrame, which represent the global motion of the background
relative to the sprite image. If we assume the whole image is
completely covered by the background and the foreground,
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more or less similar to that described in the MPEG-4 viddatroduced in this paper. Both every background video and the
verification model [6]. These methods are mostly operatexprite are categorized into reliable, unreliable and undefined
on the pre-processed video sequence, where the segmentatigions. Each region uses a unique strategy in blending. If the
information of foreground objects is already available befowuxiliary segmentation information is unavailable, the proposed
sprite generation. In other words, foreground objects hasprite-generation technique also provides an optional automatic
been essentially removed from the raw sequence. Howewddeo segmentation tool. In this way, the proposed scheme can
the current automatic segment techniques are still difficult &till achieve good quality in sprite generation even from the
provide accurate background boundaries. Foreground pixedsv sequence.
assigned to the background by error would blur the quality Secondly, an efficient sprite-compression technique is pro-
of the generated sprite. Moreover, if auxiliary segmentatiggosed by fully exploiting the strong texture correlations of the
information is unavailable, the traditional sprite-generatiobackground sprite. In general, the sprite image often contains
schemes have to use average or median filtering to reduce ey flat and texture-correlation regions. The directional spa-
effects of foreground objects. This would inevitably deterioratel prediction in the pixel domain can effectively reduce the cor-
the quality of the generated sprite. Since the backgroundratations among blocks. Since the traditional spatial-prediction
every frame is directly reconstructed from the sprite image atethods has difficulty handling those contour blocks, a padding
the decoder, the generated sprite finally determines the quatiéghnique is developed from rate-distortion (RD) optimization.
of the reconstructed background. Therefore, the first probléffie proposed padding technique, different from the traditional
solved in this paper is about how to further improve the qualityPE padding, is designed by considering the correlations among
of the sprite image when the segmentation information is eithitie neighboring blocks as well. Therefore, this makes the pro-
inaccurate or unavailable. posed sprite coding technique can use the arbitrary-shape spatial
The coding efficiency is another important issue in the statjediction in the pixel domain. The padded contour blocks are
sprite coding, namely, how to efficiently compress the spritgoded with the same process as the opaque blocks. Since the
image. Currently, the major techniques for coding a sprithape of the sprite image cannot be used to exactly recover the
image are still similar to the MPEG-4 object-based codinghape of every background VOP, instead of exactly coding the
where the sprite image is dealt with as a single INTRA VOBprite shape, one bit is used in the proposed scheme to indicate
with arbitrary shape [6]. In this schemex88 DCT is used to whether a block are coded or skipped over.
eliminate the spatial correlation within a block. The correlation The rest of this paper is organized as follows. Section Il first
among blocks is exploited by the prediction of dc coefficiertescribes the proposed background sprite-generation technique.
and low-frequency ac coefficients in discrete cosine transforfiie main modules, such as GME, rough segmentation, relia-
(DCT) domain. Due to the property of the background objedjlity extraction, and reliability-based image blending, are then
the sprite image usually contains many flat and texture-cormdiscussed in detail. Section Ill presents the static sprite coding
lation regions. In order to further improve the efficiency of thavith the spatial-prediction technique. The padding algorithm
static sprite coding, the correlations among blocks should @erived from the RD optimization is discussed in detail. The
fully exploited. experimental results are given in Section IV. Finally, Section V
Since the sprite image is an arbitrary-shape video object, @@ncludes this paper.
other concern in the sprite coding is how to deal with those
contour blocks. For simplicity, we refer to the pixels belonging Il. STATIC SPRITE GENERATION

to the background object in the sprite imageopaque pixels The static sprite-generation algorithm presented in this sec-

?_\Tvi ?Tt]g?r: g'xerlzaiizgsﬁ’g&?nggéxgii]rzresgﬁgr:n(lt_rgsl‘z)pagggi'ﬂon aims at generating the background sprite with improved
lus normal B%T and Sljla e-Sda tive DgT (SADCT) haF\)/e be\e/%'ual quality. The proposed algorithm is an extension of our
P . pe P . - arlier works on developing an optimized sprite-generation tool
adopted in the MPEG-4 object-based video coding [17]. In bo, . . 4
. ! ) -for the MPEG-4 sprite coding [18], [19]. It has been accepted
of them, the sprite shape data is compressed into the transmitfe . . .

: . In"the Part 7 of the MPEG-4 video-coding standard [20]. In this
bitstream for the purpose of properly reconstructing the opaque .. . : . o

: : o section, we first outline the proposed algorithm, and then dis
pixels in the sprite image. cuss every module in detail
In this paper, we propose a high-efficiency backgroun ; - ; ' ;

i di ’h b _ h ; ) .~ The high-quality sprite generation depends on whether the
video-coding scheme by using t € static S.p”te'gen.erat'Bgckground motion can be effectively represented by a global
?‘“d arbitrary-shape spat.|al pred|ct|_on techn.lques_. First, tion model. The background motion is normally caused by
improved backgrouqd spnte—gen'era'tlon technique is PrOPOSEhera motion such as panning, tilting and zooming. It is usu-
fqr blettefr quallty;c Bnefly, ﬂ:ﬁ sprge IS generatedtbytk?lendmg”y modeled in terms of a parametric geometrical model. In this
PIXEIS of every Trame In the video sequence 1o the corr aper, the background motion over the whole scene is defined
sponding positions after global motion compensation. Th s the eight-parameter perspective transform, i.e.
the GME plays an important role in the sprite generation. A T
hybrid GME scheme by considering both the long-term and |  moz+miy+ms , m3z + may +ms
short-term influences is developed to search the background ¥ = mex +mzy + 17 B
motion relative to the sprite, which is inspired by the technique
in [15]. In order to avoid the sprite being blurred due to inaccwvhere ¢, y) and ¢, y’) are a pair of coordinates whose po-

rate segmentation, the reliability-based blending techniquesisions are in correspondence in the background VOP and the

1)

mex + mry + 1
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Fig. 1. Proposed sprite-generation architecture.
sprite coordinate systems, respectively, &ngy, m1,...,mz}

translational
estimation

are the perspective coefficients, namely the global motion pa-
rameters.

Fig. 1 illustrates the proposed sprite-generation scheme,
which includes five main modules: GME, rough image seg-
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gradient
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mentation, reliability extraction, image warping, and image Sown down
blending. Briefly, the sprite generation consists of registering (sampling }[ sampllng]
background pixels from every frame of the video sequence and 7 Y A

blending them into a single big image. Since the sprite image A >
is blank at the beginning of sprite generation, the initial sprite >
is derived from the first frame of the video sequence. If the
auxiliary segmentation information exists, the reliability map [ down )[ down ]
of the first frame is first extracted based on the segmentation ~ \32mPling J{ sampling

information; otherwise, the whole frame is defined as unre- ’ 0 v
liable. Afterwards, the first frame is blended into the blank
sprite to obtain the initial sprite. In this way, pixels in the initial

sprite have the same reliabilities as that in the first frame. GME
and image warping are not involved in the sprite-initialization

gradient
descent

projection

gradient
descent

process.
After deriving the initial sprite from the first frame, the other

frames are sequentially processed as follows. First, the global current current previous estimated

motion between the current frame and the sprite is estimated. frame sprite motion motion

Secondly' the re“ab”ity map is extracted based on the segmg@—_ 2. Block diagram of the GME scheme in the background sprite
tation information. As illustrated in Fig. 1, the segmentatiogeneration.
masks can be obtained from two different sources. If the aux-

iIi_gry segme_ntation ma_sks exist, they are _directly used for religr motion estimation. In this paper, the warped sprite is first
bility extraction; otherwise, the segmentation masks are dynafied for the reference image in the initial motion estimation.
ically produced using a rough segmentation tool. The switch The original sprite is then used to refine the initial motion pa-
in Fig. 1 controls the source of segmentation used for reliabilifgmeters. For estimating the global motion parameters between
extraction. Third, both the current frame and the extracted ¢we current image and the reference image, we employ the algo-
liability map are warped toward the sprite image. Finally, thgthm earlier proposed in [16], which has been designed to min-
warped frame is blended with the sprite using three differefhize the sum of squared differences (SSD) between the current
strategies in terms of the warped reliability map. Bilinear intefmage and the reference image.

polation in [6] is used for image warping throughout the sprite Fig. 2 jllustrates the block diagram of the proposed GME

generation. scheme in the background sprite generation. As shown in Fig. 2,
the current frame and the sprite image serve as the inputs. The
A. GME previous motion also assists in the current GME process. In de-

In the static sprite generation, GME aims at finding the globail, the GME is implemented with the following steps.
motion parameters of the current frame relative to the sprite 1) The current sprite is warped toward the previous frame
image. It determines which pixels could be exactly put into the  using the previously estimated motion parameters. The
corresponding positions in the sprite image. In order to enhance size of the warped sprite is limited as the frame size in
the robustness of GME, a hybrid scheme combining the short-  order to reduce the costs in computation and memory.
and long-term motion estimations is proposed in this paper. This2) The two three-level image pyramids are built from the
scheme is inspired by the long-term GME technique developed current frame and the warped sprite using a low-pass
in [15], in which the warped sprite serves as the reference image filter, respectively.
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3) The initial translation is estimated with full-pixel preci-segmented from the background by utilizing a filling-in tech-
sion at the top level of the pyramids using a three-stepque to the initial segmentation model. Although the proposed
search matching. segmentation tool cannot accurately extract the boundaries of

4) The top- and medium-level gradient descents are péine moving objects, it is enough for the purpose to reduce the
formed to find the intermediate global motion betweepffect of moving foreground objects in the sprite generation.
the current frame and the warped sprite. Here, the warped
sprite serves as the reference image. C. Pixel Reliability Extraction

5) The estimated intermediate motion is concatenated within general, only pixels belonging to the background of each
the previously estimated motion to obtain the initiaframe contribute to the background sprite generation. In the tra-
global motion of the bottom-level gradient descent.  ditional sprite-generation techniques, the sprite is usually pro-

6) The bottom-level gradient descent is performed betwedaced by averagely or weighted blending the contributing pixels
the input frame and the original sprite based on the initiilom every frame of the video sequence. In other words, all con-
global motion achieved in the previous steps. Here, theébuting pixels are processed in the same way. However, we
original sprite serves as the reference image. cannot take it for granted that every contributing pixel has the

same reliability of belonging to the background, particularly

In the above process, only the background pixels are usedVRen the segmentation is not accurate enough. In this situa-
the GME if the auxiliary segmentation exists; otherwise, the efon. pixels wrongly classified into the background might blur
tire frame has to be used. In the latter case, an M-Estimator pta€ generated sprite image. It often occurs when processing the
posed in [16] is used to reduce the effects of moving foregrouMileo with fast-moving objects.
objects so that the estimated motion is still accurate enough. T0 tackle the above problem, the reliability-based blending

The proposed hybrid GME scheme is very suitable for tiRdrategies are proposed to handle the contributing pixels. This
purpose of static sprite generation because it considers bothifiga is inspired by Smoliet al’s work [15], in which a reli-
long- and short-term motion influences. Directly estimating trbility mask has been defined to indicate the different coding
long-term motion between the input frame and the sprite is vei%Pe and instruct the sprite updating. In this paper, the idea is ex-
difficult, because the displacement between the input frame d@ded to derive three different blending strategies in sprite up-
the sprite becomes larger and larger with the temporal incating. Following the same terminologies, the proposed method
ments. Estimating the short-term motions between consecutfjarts by segmenting the current frame into reliable region (RR),
frames and then concatenating them together might suffer fréfareliable region (UR), and undefined region (UN). Each pixel
error accumulations. In this paper, the global motion is initiallift the frame is indicated with one of the three types of reliability:
estimated between the current frame and the warped sprite wiHable, unreliable, or undefined. The three types of pixels can
the assistance of the previous motion. The initial motion is thé§ differently processed in blending. The following paragraph
refined based on the original sprite image. Therefore, the pfscribes how to extract the pixel reliability.
posed hybrid GME scheme can tackle the long-term motion in- The proposed reliability definition is based on the segmenta-
fluence with the assistance of the previously estimated motidi¢n information. Pixels not belonging to the background consist
and meanwhile avoid error accumulation by directly using tH¥ the undefined region. Pixels belonging to the background are

original sprite as reference image in the final step of GME. Segmented into reliable and unreliable regions. Therefore, the
key point of reliability extraction is how to distinguish the unre-

liable region and the reliable region in the background. Assume

that B is the background VOP to be processed &hid the set
Segmentation information is very helpful for the backgroundf pixels located in the boundary @. The unreliable region

sprite generation. The auxiliary segmentation might be unavdil&2 is defined by extracting some pixels along the borders of

able for the most sprite coding applications. Therefore, the piithe background object, i.e.,

posed sprite-generation scheme also provides an optional tool to

roughly segment the moving objects from the video sequence. UR = {r € B= ‘min lr —el| < W} (2)

To segment the background and foreground objects, we employ ek

the algorithm originally proposed in [21] and [22]. In this papervherelV intuitively indicates the width of the unreliable region.

the original algorithm is further improved by utilizing the mo-The remaining pixels in the background consist of the reliable

tion information presented in the background sprite, i.e., tlhegion. For simplicity, the widthV is set as a fixed value. If

background sprite is warped toward the input frame with the efe auxiliary segmentation mask is available, the fixed width

timated global motion to obtain the reference frame for motiolV is enough for the purpose of reliability-based blending. If

zone detection. the segmentation mask is produced with the rough segmentation
The employed rough segmentation algorithm is summarizémbl, an extension of this technique is to use the flexible width

here. First, the motion-occlusion zones are detected by p@&r-achieved from the motion and texture information.

forming morphological filter on the differential image obtained Fig. 3 shows an example of reliability extraction. Fig.3 (a)

by subtracting the warped sprite from the input frame. Secorghows the original segmentation, in which the black region in-

edge pixels detected from the raw frame with a Canny operatticates the background object contributing to the sprite genera-

and meanwhile located in the motion zones are defined as thlmn. Fig.3 (b) shows the extracted reliability map, in which the

initial segmentation model. Finally, the foreground objects agray region is extracted from the background and defined as the

B. Rough Image Segmentation
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29 8

Fig. 3. lllustration of the pixel reliability extraction: (a) original segmentation map; (b) extracted reliability map; and (c) reliability npayg weavard the sprite.

unreliable region. The reliable region is indicated by black igood tradeoff between the segmentation of reliable and unreli-
this image. Fig.3 (c) shows the reliability map warped towarable regions ensures the sprite image with much better quality.
the sprite and to be used in blending.

[ll. STATIC SPRITE CODING

D. Reliability-Based Image Blending In general, the number of bits for coding the background mo-

This subsection presents the proposed reliability-basggn information in each frame is quite small. In order to improve
image-blending strategies in the sprite generation. The relifie coding efficiency of the sprite-based video coding, the key
bility map as well as the current frame is first warped towargoint is how to efficiently compress the sprite image. Since the
the sprite, as shown in Fig.3 (c). The warped reliability magackground sprite usually contains many flat and texture-corre-
is then used to instruct the image blending process. Similar|fgion regions, high coding efficiency can be achieved by fur-
the reliability definition of the pixels in the input frame, pixelsther exploiting the correlations among blocks. In this paper, we
in the sprite are also grouped into three categories: reliabigopose exploiting the spatial redundancies presented in the flat
unreliable, and undefined. However, the reliability mask of thend texture-correlation regions with the directional spatial-pre-
sprite image is not derived from the segmentation mask. fction technique developed in the H.26L standard [23].
described in the fOlIOWing paragraph, the I’ellablllty of the Spl’ite Since the generated Sprite isan arbitrary_shape imagel the ob-
pixel is changed dynamically throughout the sprite generatiofect-based coding scheme is employed in this paper. However,

In [15], the unreliable sprite regions are generated only frofstead of exactly compressing the shape data, we use one bit
the unreliable pixels in the input frame. In this paper, the sami@indicate whether a block (e.g., the quantized coefficients) is
idea is employed, i.e., reliable and unreliable pixels differenthpded or skipped over. In some applications, the shape of the
contribute to the sprite updating. Pixels located in the reliab@rite image has to be exactly compressed. The shape coding al-
region are weighted to update the corresponding sprite pixe}grithm in MPEG-4 can be used in this case. Because the tradi-
and pixels in the unreliable region are used to update the corignal spatial-prediction-based coding algorithms difficulty deal
sponding sprite pixels only when they have never been updaigigh those contour blocks, an effective padding technique is de-
by the reliable pixels. The different strategies used to update ti@oped to fill the transparent region according to the RD theory.
sprite are described as follows. In this way, the arbitrary-shape spatial prediction is used in the

* Reliable pixels in the input frame can be averagelyoding of contour blocks. In the following subsections, we first
blended with reliable pixels in the sprite, or replace unretescribe the proposed sprite coding scheme, and then discuss
liable pixels in the sprite and then mark them as reliablehe proposed RD padding technique in detail.

* Unreliable pixels in the input frame cannot be used to up-
date reliable pixels in the sprite, but it can be averagefy: Proposed Sprite Coding
blended with the unreliable pixel, or fill the empty region The proposed sprite coding scheme aims at efficiently

in the sprite and then set it as unreliable. compressing the sprite image by fully exploiting the correlation
* Undefined pixels in the input frame do not contribute tamong blocks in pixel domain. The block-based directional
the sprite updating. spatial prediction is adopted for this purpose. Fig. 4 illustrates

After processing all frames of the video sequence, the relialthe proposed sprite coding scheme. Since H.26L has adopted
and unreliable regions in the sprite are merged together to dbe spatial prediction for the INTRA frame/block compression,
tain the final opaque areas of the sprite image. The advantagethef baseline of this scheme is developed from the H.26L
the proposed blending technique are twofold. On the one hasthndard [23]. Some modules, such as INTRA prediction
the proposed technique can prevent the unreliable pixels fronodes, integer transform, quantization, and entropy coding,
constantly contributing to the sprite updating, because the cane the same as that used in H.26L. However, H.26L is not
tributions from unreliable pixels that might blur the sprite arsuitable for compressing the sprite image, because the current
totally removed once the reliable pixel in the same position appatial-prediction technique in H.26L cannot effectively deal
pears. On the other hand, the unreliable region tackles the apeith those contour blocks.
ture problem of the sprite generation that might happen in theA segmentation map is always available at the sprite encoder
place where the reliable pixel never appears. In this way, theindicate that each pixel in the sprite image is either opaque or
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Fig. 4. Proposed sprite coding architecture.

(b)

Fig. 5. Background sprites generated from the pre-segmented Stefan sequence using (a) reliability-based blending and (b) average blending.

transparent. The proposed coding scheme groups 16 mac- order to improve the coding efficiency of the sprite coding, the
roblocks into three categories in terms of the segmentation mapagque macroblock is always predicted from the reconstructed
The macroblock where all pixels are transparent pixels is r®p and/or left blocks. The unit of spatial prediction is either 4
ferred to as @ransparent macroblogkvhereas the macroblock x 4 or 16x 16 in the proposed sprite coding scheme. There are
where all pixels are opaque pixels is referred to agpaque six different modes for every 4 4 sub-block. The first mode is
macroblock The contour macrobloclcomprises both opaqueDC prediction, and the other modes represent different predic-
and transparent pixels. Only opaque pixels in the sprite imatien directions. 16x 16 intra prediction is particularly suitable
are necessary to be compressed and transmitted because tfandlat region with little details. Vertical, horizontal, DC, and
parent pixels are never used to reconstruct the background VPIBne prediction are used at ¥616 size. The sum of absolute
As illustrated in Fig. 4, two different paths are for processindifferences (SAD) of every INTRA prediction mode is the cri-
three categories of macroblocks separately. Opaque and traagon for mode decision.
parent macroblocks are directly compressed without paddingAs shown in Fig. 4, contour macroblock is padded prior to the
However, contour macroblocks have to first be padded prior ¢oding process. The proposed padding technique for the contour
spatial prediction. The switchy in Fig. 4 controls the different macroblocks is derived from the RD theory. Different from the
paths for coding every macroblock. traditional LPE padding, the proposed RD padding technique
Because the transparent macroblock does not contain amys at further exploiting the texture correlation among blocks.
useful information for the background VOP reconstruction, it idence, it is associated with the selected spatial-prediction mode,
skipped over for DCT transform and quantization. One bit indas shown in Fig. 5. Accordingly, the arbitrary-shape spatial pre-
cates such a macroblock encoded in the generated bitstreandittion is employed for the mode decision of the contour mac-
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roblock. These techniques are described in the next subsectishere N indicates the pixel number in the current block and
After padding the transparent region, the contour macroblocks a constant only relative to the orthogonal mattxFrom

has the same coding process as the opaque macroblock. S{#i-and (5), the bit rat&(D*) can be reduced by directly min-
larly to H.26L, the 4x 4 integer transform is performed on themizing the variance of the input residual signals. Suppose that
predicted residual blocks [23]. The transform mai@xs de- O denotes the set of all opaque pixels in the contour block. In
fined as follows: order to minimize the variance of the residual signals, the pro-
posed padding fills the transparent pixel in the contour block

1313 13 13 with the predicted value as follows:

C-— 17 7 -7 =17 3)
13 -13 -13 13 |~ f(i,3) = p(i,5), forall(i,j) ¢ O. (6)
T =17 17 -7
Equation (6) gives the proposed RD padding scheme, in
The basic scanning order is still a zigzag one similar to th@hich thep(i, j) is associated with the selected spatial-predic-
used in MPEG-4. The context-based adaptive binary arithmefiésn mode. In order to select the optimum spatial-prediction

coding (CABAC) technique in H.26L is used to compress th&ode in the contour macroblock coding, the mode decision

quantized coefficients. scheme is improved as well. Since the transparent pixels do not
contain any texture information, the proposed spatial-prediction
B. Padding of Contour Block mode decision for the contour macroblock only involves the

In this subsection, the proposed padding technique is dfadue pixels. In detail, the proposed spatial-prediction mode
cussed in detail. Since transparent pixels are never employed@ction for the contour macroblock employs the following
reconstruct the background VOP, these pixels can be filled wif\D calculation formula instead of the original formula used
arbitrary values. This is also the basic assumption of the pfg! the opaque macroblock, i.e.,
posed padding technique. In contrast to the traditional object- . . .
based coding schemes, the proposed sprite coding scheme fully SAD = Z Z w(i, 7)1 (i:.3) = pr (i )] (7)
exploits the texture-correlations among blocks in spatial do- o
main. Thus, spatial prediction is also considered in designing twaerep, (i, 5) is the predicted value in terms of the spatial-pre-
proposed RD padding technique. In the proposed sprite coditigtion modek and
scheme, the unit of spatial prediction is eithex 4 or 16x 16. 1 (i.j)e0
Accordingly, the proposed RD padding can be also performed w(i,j) = {0’ (l."'/j.) ¢0" (8)
on either 4x 4 blocks or 16x 16 blocks in terms of the se- r \hd
lected spatial-prediction mode. The following paragraphs d€hus, the optimal spatial-prediction mode is found in term of
scribe how to derive the proposed RD padding. the minimumS A D,, of the candidate spatial-prediction modes.

Suppose thaf(i, 7) is the value of the pixel in positiofi, j), Compared to the traditional LPE padding, the proposed RD
andp(4, j) is the predicted value in terms of the selected predigadding has the following advantages. Firstly, de-correlation
tion mode. The pixel in a contour block can be either opaque among blocks has been directly considered in the proposed
transparent. If the pixel in positigf, j) is transparentf (¢, j) is  padding scheme so that the texture of the padded block is similar
assumed to be the padded value. Hence, the residualspixel to the textures of its neighbor blocks. Thus, it could reduce the
in terms of the selected spatial-prediction mode is achieved fydundancies in the residual block achieved from the directional
the subtraction, i.es; ; = f(i,7) — p(i, ). Similarly, trans- spatial prediction. Secondly, the proposed RD padding is derived
form coefficient derived from the transform matfixin (3) isde- from RD optimization, in which the distributions of DC and
noted asS; ;. Suppose that the transform coefficients composert coefficients are optimized simultaneously. The traditional
memory-less Gaussian source. The following RD function existsPE padding has been designed to remain the DC coefficient

) similar to the average value of opaque pixels in the contour block

R(D*) = llog o 4) |n.order to bengﬁt the predlctlve codlng. qf DC F:oefﬁment;. In

2 D this way, the bit reduction for DC coefficients is not straight-
forward. However, in the proposed RD padding, the bits used
for compressing the DC coefficients are directly optimized as
well as the AC coefficients. The number of bits for compressing
DC coefficients occupies a significant ratio in the compressed

bitstream, because predictions in pixel domain have been used to

zation. According to (4), the bit rate(D*) can be reduced by duce the text lati ticularly for the blocks located
minimizing the variance. The coefficients are supposed to pgeduce thetexture-corretation, particuiarly forthe blocks locate
the flat and texture-correlation regions. Therefore, for coding

a zero-mean distribution because they are obtained from the’iér

whereD denotes the mean square error (mse) distorfigi)*)

denotes the available bit-rate for the given distoriioh ando?

denotes the variance of the transform coefficients.
Statistically, the distortiorD is only relative to the quanti-

thogonal transform to the residual signals. Thus, the followi & sprite image, the proposed RD padding is more effective in

equation can be derived according to the property of orthogo jrate reduction rather than the LPE padding.

matrix C, i.e.,
IV. EXPERIMENTAL RESULTS

1 . .
o2 = v Z Szj = % Z sf] (5) _In orde_rto verify the performar_lce of the proposed algorithms,
E i this section presents the experimental results on some MPEG
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Fig. 6. Images reconstructed from the sprites in Fig. 5. Left: original image. Middle: image reconstructed from the sprite in Fig.5 (a). Riglecamstgeated
from the sprite in Fig.5 (b).

test sequences. Since the sprite-based video coding is onérafh Fig. 7(a) and (b), respectively. In terms of subjective vi-
the distinctive features of the MPEG-4 video-coding standarsljal quality, the image shown in Fig. 8(b) is much better than
comparisons are mainly performed between the proposed alg§@. 8(c). Fig. 9 gives an example of the employed segmenta-
rithm and the MPEG-4 static sprite coding. The Stefan, Foremton mask. Compared with the auxiliary segmentation, the seg-
and Coastguard sequences are used in the experiments. Eacimeatation map achieved from the employed segmentation tool
guence has 300 frames in a format of CIF (35288) at frame is very coarse. However, the visual quality of the sprite shown
rate of 30 fps. The auxiliary segmentation masks used for theFig. 7(a) is still similar to the sprite shown in Fig. 5(a). There-
sprite generation are available from [24]. The experiments de, the proposed reliable blending scheme can work very well,
performed in two stages in terms of static sprite generation aeen in the case of the coarse segmentation.

static sprite coding. The following subsections present these exin addition, two other background sprites are produced from

periments in detail. the Foreman sequence and the Coastguard sequence, as shown
in Figs. 10 and 11, respectively. Compared to the sprite gener-
A. Static Sprite Generation ated from the Stefan sequence, the sprites generated from the

The experiments in this subsection aim at testing the pro@réman sequence and the Coastguard sequence show better

posed static sprite-generation technique. The sprite-generalfbiti@l quality; e.g., some areas in the Stefan sprite have been
scheme by using the auxiliary segmentation information is firsfnoothed due to the slight inaccuracy of GME and the changes
tested. The Stefan sequence is very difficult to be processed BePackground content. Therefore, the static sprite coding is

cause both the background motion and the foreground motidlo"e Suitable for the sequences with completely rigid back-

in the sequence are very fast. Fig. 5(a) shows the backgro@gund motion.
sprite generated from the Stefan sequence using the proposed . , )
algorithm. Fig. 5(b) shows the sprite generated using the saffre Static Sprite Coding
algorithm except that the average blending is used instead offhe experiments in this subsection aim at testing the per-
the reliable blending. Thanks to the robust GME strategy, tfiemance of the proposed static sprite coding scheme. In the
continuous background sprites are generated in both exp@reposed algorithm, the coding of motion trajectories are the
ments. However, Fig. 5(a) provides much better subjective wame as that in the MPEG-4 static sprite coding scheme. There-
sual quality than Fig. 5(b). For Fig. 5(a), the average PSNR fafre, only the results of sprite image coding are presented in this
the luminance component in terms of the reconstructed bageaper. In the proposed static sprite coding scheme, the shape of
ground over 300 frames is 23.1 dB. For Fig. 5(b), the averat® sprite image is exactly compressed with the shape coding al-
PSNR is 22.4 dB. It is more significant of the proposed alggorithm in MPEG-4 for the purpose of fair comparisons. Since
rithm in terms of the subjective visual quality. Fig. 6(b) andPEG2000 is the best available still-image coding standard, the
Fig.6 (c) shows the frames reconstructed from the two spritdEG2000 codec with region-of-interest (ROI) coding [25] is
respectively. Some regions in Fig. 6(c) have been blurred by thiso tested as another reference. The previously generated back-
foreground objects. However, as shown in Fig. 6(b), the effedsound sprites, as shown in Fig. 5(a), Fig. 10, and Fig. 11, are
of foreground are completely eliminated by using the proposeded in the experiments. The final coding results are illustrated
reliability-based blending technique. in Figs. 12—14, respectively. In these figures, only the luminance
The sprite-generation scheme without using the auxiliary s€@SNR calculated using the opaque pixels in the sprite images
mentation information is also tested on the Stefan sequence. Rig illustrated. The results demonstrate that the proposed sprite
7(a) shows the background sprite generated from the raw Stefaing outperforms the MPEG-4 static sprite coding up to 3.0
sequence using the proposed segmentation tool plus the reliatiBeat low bit rates. It also outperforms JPEG2000 with ROI
blending scheme. Fig. 7(b) shows the background sprite genaweing for the Foreman sprite and the Coastguard sprite, and
ated using the average blending scheme instead. For Fig. 7i@putperformed for the Stefan sprite.
the average PSNR in terms of the reconstructed backgroundomparison between the proposed RD padding and the LPE
over 300 frames is 22.9 dB. For Fig. 7(b), the average PSNRpadding is also illustrated in this paper. The same background
22.0 dB. Fig. 8(b) and Fig. 8(c) show the frames reconstructefrites are used in the experiments. The three background
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(b)

Fig. 7. Background sprites generated from the raw Stefan sequence using (a) rough segmentation plus reliability-based blending and (b)dingrage blen
IRTE Tl e o

ATl e

= Tk

Fig. 8. Images reconstructed from the sprites in Fig. 7. Left: original image. Middle: image reconstructed from the sprite in Fig. 7(a). Rigletcimstyeated
from the sprite in Fig. 7(b).

(b) (c)

Fig. 9. Segmentation masks of the second frame of Stefan sequence. (a) Original frame, (b) auxiliary segmentation masks, and (c) coarse seggkentation
generated using the provided segmentation tool.

sprites are separately compressed using the proposed s{@RE-O), and the LPE padding on predicted residual blocks
sprite coding with three different padding schemes, i.e., tifiePE-R). For the LPE-R padding, the spatial-prediction mode
proposed RD padding, the LPE padding on original blocldecision scheme is the same as the proposed RD padding. The
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Fig. 11. Background sprites generated from the pre-segmented Coastguard sequence using the proposed algorithm.
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Fig. 12. Coding results of the Stefan background sprite in Fig.6 (a). Fig. 13. Coding results of the Foreman background sprite in Fig. 8.

results of the contour macroblocks by using the three differentThe proposed static sprite coding scheme can achieve higher
padding schemes are shown in Figs. 15-17, respectively.clding efficiency due to the following reasons. First, the arbi-
these bit-PSNR plots, only the bits for coding the contodrary-shape spatial prediction adopted in this algorithm is very
macroblocks are calculated. The PSNR is calculated usisigitable for compressing the background sprites, because the
only the opaque pixels in the contour macroblocks. The perfdrackground sprites usually contain many flat and texture-cor-
mances of the LPE padding on the original blocks and on thelation regions. Second, the proposed RD padding is very suit-
residual blocks are similar. However, the proposed RD paddiagle for the proposed static sprite coding scheme using spatial
outperforms both the LPE-based padding schemes up to 2.0mBdiction, because the correlations among blocks are also con-
in PSNR. sidered in the padding process. In this way, the padded contour
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Fig. 14. Coding results of the Coastguard background sprite in Fig. 9.
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Fig. 15. Contour block coding results of the Stefan Background sprite.
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Fig. 16. Contour block coding results of the Foreman Background sprite.
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Fig. 17. Contour block coding results of the Coastguard Background sprite.
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blocks can be efficiently compressed, and meanwhile they can
also provide better spatial prediction for the coding of its neigh-
boring blocks.

V. CONCLUSIONS

A high efficient background video-coding scheme based on
the static sprite generation and arbitrary-shape spatial-predic-
tion techniques has been presented in this paper. The static sprite
generation and compression are two key components in the pro-
posed scheme. Therefore, this paper focuses on how to generate
the high quality background sprite with better visual quality and
how to efficiently compress the generated sprite image. In order
to achieve high coding efficiency, the properties of the back-
ground sprite have been fully utilized in these two stages.

First, a robust sprite-generation algorithm is presented in this
paper. The sprite coding is usually used for the object-based
video coding. Considering that accurate segmentation is very
hard to obtain, this paper proposes to utilize the reliability-based
blending in the sprite generation. Experiments have proven that
the reliability-based blending scheme can greatly improve the
visual quality of the sprite image. In other words, it can ef-
fectively eliminate the blurs caused by moving foreground ob-
jects due to the inaccurate segmentation. In addition, a rough
image-segmentation tool associated with the sprite generation
is also developed in this paper. Thus, the proposed technique
can produce the background sprite directly from the raw video
sequence by using the rough image segmentation tool and the
reliability-based blending scheme.

Second, an efficient sprite coding scheme is presented in this
paper. The directional spatial-prediction technique is proposed
for the static sprite coding. Since the traditional spatial-predic-
tion technique cannot efficiently deal with those contour blocks,
a padding scheme is proposed to fill the transparent regions
of contour blocks by considering the correlations within and
among blocks. The experimental results demonstrate that the
proposed sprite coding scheme can significantly improve the
coding efficiency of the sprite coding, namely, significantly re-
duce the bits for coding the sprite at the same quality. In addi-
tion, the proposed coding scheme essentially extends the direc-
tional spatial-prediction technique from the frame-based coding
to the arbitrary-shape object coding.
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