IEEE TRANSACTIONS ON MULTIMEDIA, VOL. 2, NO. 3, SEPTEMBER 2000 185

Correspondence

A Concealment Method for Shape Information in MPEG-4 T"“&?‘;’Eﬂ“
Coded Video Sequences ~ Boundary
blocks
Shahram Shirani, Berna Erol, and Faouzi Kossentini
Opaque
block

Abstract—n this paper, we propose a new method for error conceal-
ment of shape information in MPEG-4 video bit streams that are trans-
mitted over error prone channels. The proposed method employs a MAP
estimator with an MRF as the imagea priori model. The MRF is designed
for binary shape information and its parameters are adapted based on the
information of neighboring blocks. Our experimental results show that the ) ] ) ) )
proposed concealment method restores missing shape blocks with high ac-a semantic meaning. Temporal instances of video objects are referred
curacy. Compared to the median filtering method, our method restores to as video object planes (VOPs), which are defined by their textures
20% more missing shape data, with a much greater subjective improve- (,minance and chrominance values) and shapes. Similar to MPEG-1
ment. The proposed algorithm requires relatively small number of integer d MPEG-2 MPEG-4 . ded (1 I dicted
multiplications and additions and simple logic operations, making it suit- an e i suppqrts intra coded (I-), temporally predicte
able for real-time implementations. (P-), and bi-directionally predicted (B-) VOPs.

In MPEG-4, VOPs are divided into macroblocks, such that they
are represented with the minimum number of macroblocks within a
bounding rectangle. Texture coding of macroblocks is very similar to
the coding of frames in MPEG-2: The luminance and chrominance
|. INTRODUCTION blocks of each macroblock are coded using motion compensation,

COMPRESSED multimedia data streams transmitted over erfdf~ I quantization, and variable length coding (VLC). .

prone channels, such as wireless networks and the Internet, aréhe shape of a VOP is described by a binary alpha plane as shown in
usually corrupted by channel errors. MPEG-4, which is the latest 108- 1, which indicates whether or not a pixel belongs to a VOP. The bi-
visual coding standard, offers error resilience tools that help localiZ32"Y alpha planes are divided into 616 blocks. The shape data asso-
tion and isolation of the erroneous data and partial recovery of the fiated with each of these 2616 blocks is transmitted in the bit stream
maining data [1]. Concealment of the errors, however, is not specifiglP"d With the texture information that corresponds to the same area.
in the MPEG-4 standard, and it is therefore a subject of ongoing rEhe blocks that are inside the VOP are transmitted as opaque and the
search. MPEG-4 supports an object-based representation of vided?leks that are outside the VOP are transmitted as transparent blocks in
allowing the coding of the shape information of arbitrarily shaped viddB€ Pit stream. The boundary blocks, i.e., blocks that contain pixels both
objects along with the objects’ texture and motion information. THBside and outside the VOP, are either intra or inter coded. In intra shape
concealment of errors in the texture information of the MPEG-4 cod&@ding. the pixels inside the boundary blocks are raster order scanned
video is similar to what has been vastly investigated in the framewor@8d the corresponding binary shape data is context-based arithmetic
of MPEG-2 and H263 [2]-[6]. However, efficient concealment of thgoded. Ininter shape coding, the bound.ary blqck is fllrst p.redlcted from
shape information in the MPEG-4 coded video has, so far, not bei§ temporally previous or future VOP via motion estimation and com-
addressed. In this paper, we propose a method for concealment ofPghsation in integer pixel accuracy. Then, the associated shape motion
rors in the shape information of an MPEG-4 coded video object. A{§Ctor is coded predictively, and the difference between the current and
adaptive Markov Random Field (MRF), which is designed for binad?€ Predicted shape blocks is arithmetic coded. o
shape information, is proposed as the imaggiori model. The pro- The compressed video signal is extremely vulnerable to transmission
posed image model is used along with a Maximum a Posteriori (MAP§rOrs. This is mainly a result of using _prediction as well as variable
estimator to recover the missing shape information. The proposed cl§ifigth codes. MPEG-4 offers error resilience tools to localize the ef-

cealment method successfully reconstructs the missing shape data {@#s Of errors, re-establish synchronization, and salvage the erroneous
good computation-performance tradeoffs. data. These tools can be divided into three groups: video packetization,

data partitioning, and reversible VLC [9], [10].
When decoding a corrupted bit stream, a video decoder loses syn-
chronization with the encoder, that is, it is unable to identify the pre-
MPEG-4 achieves an object-based representation by defining audize location in the VOP where the current data belongs. MPEG-4 em-
visual objects and coding them into separate bit streams [1], [7], [$lloys periodic resynchronization markers, which are different from all
A video object (VO) is an arbitrarily shaped video segment that hdse valid code words, to restore synchronization between the decoder
and the encoder. The macroblock data between two resynchronization

markers is referred to as a video packet. The number of macroblocks
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Fig. 1. Binary alpha plane.
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Fig. 2. Video packet structure of MPEG—4 in (a) I-VOPs and (b) P-VOPs. X . X X

the decoder does not know the exact location of the error. MPEG-4
supports the data partitioning mode, which allows the separation of mo- Xt | Kietgr | Kerg | Kieajer | Kot
tion and shape data from the texture data in a video packet. In I-VOPs,
the shape information is separated from the texture data using the “dc
marker.” In P-VOPs, the motion and shape data are separated from the Xis2 4 X
texture data using the “motion marker.” Both cases are illustrated in
Fig. 2. In general, an error is more likely to occur in the texture datig. 3. A pixel, its clique c, and the eight directions. The complement of the
because the shape and motion data is represented with fewer bits fHigiHe <’ is the dark area.
the texture data. Therefore, using data partitioning, in most cases the
motion and shape information can be recovered. Hence, even if the tex-
ture information is lost, the other information can be used to conceal
texture errors. Statistical methods for error concealment assume that the pixel
When the decoder detects an error while decoding the VLC dat@jues in an image or video signal are realizations of an underlying
it looses synchronization with the bit stream and discards all the dstatistical model. The Bayesian approach provides a framework for
until the next resynchronization point. MPEG-4 addresses this probléngorporating thea priori information by selecting the image model.
by employing Reversible VLC'’s (RVLC’s) that can be decoded in bothhen, a Maximum a Posteriori (MAP) estimation yields the most
the forward and reverse directions. This enables the decoder to belit@ly image given the observed image data [3]. Here, we use a MAP
localize the error between two resynchronization points. estimator for restoration of missing shape information. Since the shape
information is binary, we propose an appropriate form of Markov
IIl. CONCEALMENT OF CHANNEL ERRORS INMPEG-4 @pep Vipeo ~ fandom field (MRF) as the image model.
DATA The MAP estimation of missing data in an image assuming MRF as

) ) ] the imagea priori model can be expressed by the following minimiza-
We next discuss the various scenarios that can occur when decodjgg problem

an erroneous MPEG-4 coded video bit stream. It is assumed that the
error resilience tool_s mentioned above are employed in the MPEG-4 ¥ = min Z Vizi,) 1)
bit stream. We consider the I-VOPs and P-VOPs separately. i j

In the P-VOPs, the shape and motion data are separated from the

texture data with a motion marker as seen in Fig. 2. If an error ocCyhere M is the set of all missing pixels in the image ahdis the

in the texture part of a video packet, the decoder can use the motigtential function. The potential function characterizes the relationship
information to replace the missing texture with the texture in the prgetween a group of pixels by assigning larger costs to configurations
vious VOP. If the error occurs in the motion/shape part, then the whaie pixels which are less likely to occur. The choice of the potential

video packet is discarded. A simple concealment can be done by fighction is crucial to the performance of the image model. Commonly,
placing the shape and texture of the missing macroblocks with thoseié potential functions are selected to be of the form

macroblocks corresponding to the same location in the previous VOP.

An alterlnative method is to est.imate the missing motion vectors from Z Vie,) = Z wij—paplei; — ex)) @)

the motion vectors of surrounding macroblocks at the decoder and use

the estimated vectors to replace the missing texture from the previous

VOP [11]. wherec is the cliqueC is the set of all cliques throughout the image,
Concealment of errors in I-VOPs is more critical than that iR is a function called the cost function, and ;_ ; is the weight as-

P-VOPs, simply because the I-VOPs are used for prediction and thjigned to the difference between the pixel valugs and axy [12].

the errors in I-VOPs propagate. In I-VOPs, the shape data is separat@g cost function(-), in fact, encourages the pixels that are spatially

from the texture information with a texture marker within a vide@lose to each other to have the same values. The shape information is

packet as illustrated in Fig. 2. If an error occurs in the texture part pfnary andz; ; can only assume two values. Therefore, we select the

a video packet, only the texture information is lost. If an error occugsst function of the following form

in the shape part, then both the shape and texture information are

lost. Various methods have been proposed for error concealment of g: x#0

texture information within the frameworks of the H.263 and MPEG-2 pla) = {0: =0

standards. Since the representation of texture in MPEG-4 is very

similar to that in H.263 and MPEG-2, those methods can be appliedwbere/ is a positive constant.

an MPEG-4 coded bit stream as well. However, not much research hakor the clique, we adopt an eight pixel neighborhood shown in Fig. 3.

been done on the concealment of errors in the shape data of I-VOPse weight corresponding to the difference between a pixel and one of

In this paper, we propose a method for concealing the effects of shajpe pixels in its cliqued; ;. in (2)) is selected adaptively, based on

errors in I-VOPs. the likelihood of an edge in the direction of the subject pair of pixels.

i+2,j+1

IV. PROPOSEDMETHOD

i, jEM

ceC k,lec
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Fig. 4. A 3x 3 window, the border pixels in it (shaded) and the best line-fit. Fig. 5. Shape of the first I-VOP of theivo video object.

N
.

The rationale behind this selection is to weigh more the difference be-
tween the pixels in a direction which will cause the values of the pixels
in that direction to be the same. Assuming the valwes_; ; to be
integers, the estimated value of a pixel given the values of the pixels in
its clique, will be
Fij = rlmn Z Wi ok ap(Ti — T 1)

7 (kD) Ecue!

= min[p(2i; — vijt1) + o+ p(@ij — Tij) I

T4, —

Wi j—i,j41 times

4+ +p(rc,;j - m,;+1”7»+2) 4+ 4 (le _ 'ri.+11j+2)]

v

wy 41,542 times

Fig. 6. Shape of thekiyo video object missing 30% of the shape blocks.

wherec’ is the complement of the clique shown in Fig. 3. To minimize
the value of the potential function, the number of terms with an esti-
mated value that is different from that of the neighboring pixel, should
be minimized. Therefore, the estimated value should be equal to the
median of the following vector

if?i,j = mediarﬁ;r,v,ﬁl, T3P N I
—

Wi i —q,541 times

SR j42, s Tt 2] 3)

~~

Fig. 7. Reconstructed shape of the first I-VOP of tikevo video object.

Wi i —it1,j42 times

The likelihood of edges in each of the eight directions is computd?€rec is the counter corresponding to direction and the direc-
using blocks around the missing block. In this way, the available shajf ¢ corresponds to the direction formed biy{) and ¢, [). Finally,
information in a larger area is exploited in the concealment process.%§ Proposed shape error concealment method can be summarized as
determine the likelihood of edges in each of the eight directions, edéggows.
in the blocks surrounding the missing block, whose directions imply 1) Determine the edges in the neighboring blocks and assign them
that they pass through the missing block, are determined. to eight equally spaced directions. Compute the corresponding

Since the edge information of the shape data is embedded in its ~counter for each direction,
borders, we first separate the borders of the shape data in the adja2) Use (4) to find a set of weights for each missing block,
cent blocks. To do this, we use a morphological transform called the3) Use (3) to obtain an estimate of each missing pixel employing
boundary transform [13]. If all the four neighboring pixels (above,  the weights obtained in the previous step, and
bellow, left and right) of a pixel are inside the shape, then the pixel is de-4) Iteratively re-estimate the missing pixels using (3) until conver-
clared inside the shape. Otherwise, the pixel is assigned to the border of 9g€nce.
the shape. A % 3 window is then centered at each border pixel and tH8 the case where adjacent blocks are lost, the reconstruction algorithm
angle of the best line-fit to the border pixels in the window is computet$. applied recursively. Blocks with the maximum number of correctly
This in fact gives the direction of the edge at the pixel in the center d¢coded neighboring blocks are reconstructed first, and the rest of the
the window. Fig. 4 shows a typical window and the best line-fit anblocks are reconstructed recursively. This guarantees that the best pos-
the angle of the line. There are eight counters corresponding to eiglitle estimation accuracy is achieved.
directions as shown in Fig. 3. The counter corresponding to the direc-The computational load of the proposed method consists of the com-
tion of the detected edge (best line-fit) is incremented if the extensipntations required for finding the boundary pixels, finding the slope of
of the best line fit passes through the missing block. The procedurdhs best line-fit for each of the boundary pixels, and the estimation of
repeated for all the border pixels in the blocks to the right, left, belomissing pixels using (3). For every pixel belonging to the shape in a
and above the missing block (if applicable). The weights required ir¢ighboring block of a missing block, three XOR operations are re-
(3) are obtained by quired to determine whether or not the pixel belongs to the border.

Finding the slope of the best line-fit for each of the boundary pixels in
Wi j—kl = Cm (4) the 3x 3 window requires approximately ten integer multiplications
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Fig. 8. Intermediate results for the reconstruction of block number 23 in the first I-VOP akthe video object after (a) 2, (b) 3, (¢) 6, (d) 9, (e) 11, and (f) 15
iterations.

and ten integer additions per border pixel. These computations are non-

iterative and the total number of operations depends on the complexity
of the shape in the blocks around a missing block. In our simulations,
the average number of border pixels per neighboring block is 22. There-
fore, this stage requires approximat@/ x 4 x 10 = 880 addition

and 880 multiplication operations per missing block. The last part of

the reconstruction operation, which is the estimation of missing pixels

using (3), is iterative. Since the shape information is binary data, the
median operation can be implemented with two simple counters (one
for 0 and one for 1), which requires only 16 additions. On average,

six iterations are required for the proposed reconstruction algorithm to
converge for a block. Considering that the median operation needs to
be performed for every missing pix€l x 6 x 16 x 16 = 24576

additions are required per missing block for the last part of the algo-
rithm. For a video object plane with size of 160160 and 30% blocks
missing,10 x 10 x 0.3 x (24576 + 880) = 763680 additions and

10 x 10 x 0.3 x 880 = 26 400 multiplications are necessary in order to
reconstruct its shape. Computing IDCT fot@) x 160 VOP requires
approximately 250K additions and 70K multiplications [14]. Consid-
ering that IDCT takes approximately 50% of the MPEG-4 decoding op-
eration, the computations required for our proposed shape reconstruc-
tion algorithm are comparable to that of MPEG-4 decoding. Therefore,
our algorithm is suitable for real-time implementations.

Fig. 10. Shape of thBrReAM video object missing 25% of the shape blocks.

Fig. 9. Shape of the first I-VOP of therREAM video object.

V. EXPERIMENTAL RESULTS

We tested our proposed shape reconstruction method on various
corrupted MPEG-4 bit streams which contain video objects coded
at 5000 bits/VOP. The error resilience tools of MPEG-4, more
specifically using video packets and data partitioning, are applied
during the encoding. Error simulation is performed at the decoder:
While decoding the bit stream, the decoder ignores the video packets
randomly with a given packet loss percentage. Then, the proposed
concealment algorithm is applied to the erroneous I-VOP binary shape
data to recover the missing shape blocks.

The similarity of the erroneous and error concealed shape data to the

original shape data is measured using the following ratio

p=1-"d ®) Fig. 11. Reconstructed shape of the first I-VOP ofgireAm video object.
Tt

whereng is the number of pixels that are different between the restordd, and 15 iterations. The block is located on the left side of the head

shape and the original one, i.e., the Hamming distancepansithe of the object.

total number of pixels in the bounding box. Next, we present the performance of our concealment technique on
Fig. 5 shows the binary shape data of the first I-VOP ofakero  the first and the 120th VOPSs of tlB®EAM video object and on the first

video object. The bounding box of the VOP is of sZ& x 208. The VOP of theweaTHER video object. Fig. 9 shows the binary shape data

length of each video packet is selected to be 500 bits. As mentioradhe first VOP of the video obje®ReAM. The size of the bounding

before, the number of blocks in each packet is different and depemdstangle is 27X 192. The size of the video packets is selected to be

on the size of coded data of each block. For example, in this case, T8 bits. The coded I-VOP contains 44 video packets. Fig. 10 shows the

first ten packets have 9, 14, 3, 14, 2, 15, 2, 2, 13, and 3 macroblocks,beary shape information of the I-VOP with 25% of the blocks missing.

spectively. Fig. 6 shows the shape of the I-VOP with 30% of the shajple shape data after concealment is given in Fig. 11. The similarity

blocks missing, corresponding to 6 missing video packets. The resukéasure) is 86% before, and 99% after, concealment.

of the proposed error concealment method is presented in Fig. 7. Th&he 120th VOP of therReAM video object is given in Fig. 12, which

shape similarity measurgis 88% for the erroneous shape data showis the size ofl44 x 192. The video object consists of 19 packets and

in Fig. 6, and 99% after using the proposed shape concealment metteath video packet contains 700 bits. Figs. 13 and 14 show the same

Fig. 8(a)—(f) show the intermediate results for the reconstruction ¥DP with 29% of the blocks missing and after applying our reconstruc-

block number 23 of the VOP object shown in Fig. 6 after 2, 3, 6, %ion method, respectively.is 81% before, and 98% after, concealment.
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Fig. 12. Shape of the 120th VOP of tBREAM video object. Fig. 16. Shape of th&EATHER video object missing 35% of the shape blocks.

. . . o 0
Eg'slhipesbr;gglfs?f the 120th VOP of taeAm video object missing 29% of Fig. 17. Reconstructed shape of the first I-VOP ofWeaTHER video object.

Fig. 14. Reconstructed shape of the 120th VOP oBtkeam video object.  Fig. 18. Reconstructed shape of the first I-VOP of txevo video object
using the median method.

»

Fig. 15. Shape of the first I-VOP of theeATHER video object.
Fig. 19. Reconstructed shape of the 120th VOP ofgiReam video object

The first VOP of theweATHER video object is given in Fig. 15. The USing the median method.

size of the VOP isl60 x 224. The size of the video packets is set
to 1000 bits. Fig. 16 shows the shape of the I-VOP when 35% of teeen from the figures, the median method is unable to recover a large
macroblocks are missing. Fig. 17 shows the result of the proposed eportion of the missing pixels. If we define the reconstruction improve-
concealment method. The valuespls 87% and 99% before and afterment as(M, — M,,)/M, whereM is the number of pixels that are
the concealment of shape information, respectively. damaged as a result of a packet lags, and M,,, are the number of
Finally, we compare our concealment method with an iterative mpixels restored by our proposed method and the median method, re-
dian filtering method where each pixel in a missing block is set to ttepectively, the improvement of our proposed method over the median
median of pixels around it (in its cligue and its complement) until theethod is 17% for thekiyo and 22% for theBREAM video objects.
content of a missing block does not change in two consecutive ite@emparing Figs. 18 and 19 with Figs. 7 and 14, itis clear that the sub-
tions. Figs. 18 and 19 show the result for the first VOP ofakero  jective improvement of our proposed method over the median method

and the 120th VOP of theREAM video objects, respectively. As can beis very significant.
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VI. CONCLUSION
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(4]

This paper presents an error concealment method for shape infor[S]
mation in the MPEG-4 coded video sequences. A maxinauRos-
teriori estimator, which employs an adaptive Markov random field, [6]
is used to restore the missing shape information. The proposed con-
cealment method successfully reconstructs the missing shape data pro-
viding about 20% improvement compared to median filtering method. 7
The subjective improvement achieved by our algorithm is even much
more significant. Moreover, reasonable computational complexity of [8]
our algorithm makes it suitable for real-time applications.
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