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Automatic Key Video Object Plane Selection Using
the Shape Information in the MPEG-4 Compressed
Domain

Berna Erol and Faouzi KossentirBenior Member, IEEE

Abstract—Object-based video representation, such as the one Some of these algorithms are applied to uncompressed video,
suggested by the MPEG-4 standard, offers a framework that is and they involve comparing color and motion histograms,
better suited for object-based video indexing and retrieval. In such computing pixel differences, and performing edge tracking [8]

a framework, the concept of a “key frame” is replaced by that of . . . )
a “key video object plane.” In this paper, we propose a method [9]. Other algorithms involve operations in the compressed

for key video object plane selection using the shape information in domain (e.g., MPEG-1/2) and take into account the texture
the MPEG-4 compressed domain. The shape of the video object coding modes (intra, inter, etc.), the motion vectors, and the
(VO) is approximated using the shape coding modes of I, P, and B sjgnificant changes in DC coefficients to detect shot boundaries
video object planes (VOPs) without decoding the shape informa- and to select key frames [10]-[13].

tion in the MPEG-4 bit stream. Two popular shape distance mea- While kev f id f the vid tent
sures, the Hamming and Hausdorff distance measures, are modi- Ilé key irames provide a summary or the video content,

fied to measure the similarities between the approximated shapes they cannot provide an accurate description of the individual
of the video objects. Although they feature different computational objects within a video scene. Access to individual objects in

and implementation complexity tradeoffs, the corresponding algo- a video sequence is essential for content-based video indexing
rithms achieve essentially the same performance levels in selectlngand retrieval systems that support object-based video queries
keyvidgo objec_t planes that represent efficiently the salient content such as querving a video obiect with a given shape and color and’
of the video objects. 1as querying a video ob) nag p )
. ) ) moving in a given direction at a given speed. The most recent
_Index Terms—Key frame selection, key video object plane selec- \pE G yideo coding standard, MPEG-4, offers an object-based
tllon,.object-based video retrieval, video databases, video summa- representation of video, where individual video objects (VOs)
rization. '
are coded into separate bit streams [14]. In the MPEG-4 termi-
nology, temporal instances of video objects are referred to as
. INTRODUCTION video object planes (VOPs). Similar to key frames, key VOPs

TORAGE and coded representation of digital video ha&n be used for visual summarization of the video object con-
een a subject of research for the last two decades, {@dtin an object-based framework.

sulting in many efficient video coding algorithms and several Unlike in key frame selection, very little work has been re-
video coding standards, such as MPEG-1 [1], MPEG-2 [2], aR@rted on key VOP selection. Gunsell proposed that the mo-
H.263 [3]. These advancements made it possible to have lafgé of the video object gnd Its u.ncompr.essed shape data be used
digital video databases, such as the ones on the Internet orfffidemporal segmentation of video objects and key VOP selec-
ones associated with surveillance applications. In order to & [15]. However, such an algorithm is very computationally
cess this data, efficient indexing and retrieval of digital videfitensive, often making key VOP selection unpractical. Ferman
are required. Research in video indexing and retrieval is still f &lsuggested an algorithm that uses the texture coding modes
its infancy, and recent research efforts have led to the emergelftéhe MPEG-4 compressed domain to extract the key VOPs
of the MPEG-7 standard [4] as well as the development of sd#6]- Their proposed algorithm employs the percentage of intra
eral systems such as VideoQ [5], Jacob [6], and NeTra [7]. coded macroblocks as a measure for significant change in the

In a typical frame-based digital video indexing and retrievgontent. Although the algorithm is simple, the difficult problem
system, key frames are used to represent the salient content @fthreshold selection has not been addressed. Moreover, the ac-
video sequence. Besides visual summarization, representafiFCy Of using the percentage of intra coded macroblocks is too
using key frames allows some of the still image features (sul@y for the effective selection of key VOPs.
as shape, texture, and color) to be used for video retrieval!n this paper, we propose a key VOP selection method that is

in the shape of video objects are detected by comparing the
shape content of the VOPs to each other by using the Ham-
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Bounding TABLE |
box SHAPE CODING MODES INMPEG-4

Iransparent

Coding mode | Coding type Used in
(outside) block 0 MVDs=0 & no inter update P and BVOPs
"-,‘ _ Boundary 1 MVDs!=0 & no inter update | P and BVOPs
':_F-—:_'_ blocks 2 Transparent I, P and BVOPs
— 3 Opaque I, P, and BVOPs
4 Intra coded 1, P, and BVOPs
5 MVDs=0 & inter coded P and BVOPs
Opaque 6 MVDs!=0 & inter coded P and BVOPs
(imside) block="

_ o Seven shape coding modes are supported for the P and
Fig. 1. Shape representation in MPEG-4. BVOPs, as presented in Table I. The transparent, opaque, and
intra coding modes are the same as in the IVOP case. The four

the rest of the paper is as follows. In Section II, we provide Aflditional inter shape coding modes involve the transmission of
overview of the MPEG-4 shape representation. In Section Imotion vectors and additional update (difference) information.
we present the proposed key VOP selection method includiliyP @nd BVOPs, the intra shape coding mode is employed only
the Hamming and Hausdorff distance based algorithms. Expérthe current boundary block cannot be efficiently predicted.
imental results that illustrate the performance of the proposbtinter shape coding, the boundary block is first predicted
algorithms, as well as their complexity-performance tradeoff§0m the temporally previous or future VOP (depending on the

and our conclusions, are presented in Section IV and Section¥@P type) and then the difference between the current and
respectively. the predicted shape blocks is context-based arithmetic coded.

The shape motion vectors are also coded predictively using the
motion vectors of the surrounding texture and shape blocks.
[l. BACKGROUND

KEY VOP SELECTION IN THE MPEG-4 GOMPRESSED

The MPEG-4 video coding standard provides an object—baseol”'
DoMAIN

representation of video by allowing the coding of arbitrarily
shaped video objects [14], [17]. In the MPEG-4 framework, the Typically, key VOPs should be selected such that they reflect
texture and the shape of each temporal instance of a video significant changes in the shape, color, and texture content of
ject, i.e., each VOP, are coded separately. Similar to MPEG-1&yideo object. Using the shape content of a video object for
MPEG-4 supports intra coded (I), temporally predicted (P), aikéy VOP selection has many advantages over using the color
bi-directionally predicted (B) VOPs. PVOPs are predicted frormnd/or texture content. First, the texture and color of a video ob-
the temporally previous | or PVOPs. BVOPs are predicted frojict remain generally consistent during a video object’s lifespan.
the temporally previous and/or future | or PVOPs. This fact is used in many spatio-temporal segmentation algo-
Texture coding of VOPs is very similar to the coding ofithms for video object segmentation [18], [19]. The shape of a
frames in MPEG-2 [2]: Each VOP is divided (using shapeideo object, however, may vary significantly due to the object’s
information) into macroblocks, and the luminance and chrominovement, structure (e.g., articulated, elastic), occlusion, etc.
nance blocks of each macroblock are coded using DClherefore, a significant change in the content of a video object
quantization, and variable length coding. Additionally, motiois more likely to be detected if the object’s shape is employed
compensation and predictive coding of texture are employad a measure. Second, using the shape of a video object instead
for P and BVOPs. of its color or texture is potentially more computationally effi-
The shape of a VOP is described by a binary alpha plar@ent. The MPEG-4 bit stream structure is designed such that it
which indicates whether or not a pixel belongs to a VOP. Theg not possible to decode the texture information without having
borders of a binary alpha plane are determined by the V@® decode the shape information [20]. On the other hand, the
bounding box, which is the tightest rectangle around the videbape information can be extracted from the bit stream without
object. A binary alpha plane is divided int& x 16 blocks, havingto decode the texture information when aresynchroniza-
as illustrated in Fig. 1. The shape data associated with eachioh marker is placed before each macroblock. In such a case,
thesel6 x 16 blocks are transmitted in the bit stream, alongxtracting the shape information from the bit stream requires
with the texture information that corresponds to the same areary few operations.
Three shape coding modes are possible for IVOPs: 1) transBecause of the above reasons, our proposed key VOP selec-
parent, where all pixels in 5 x 16 block fall outside the object; tion method is based on the shape content of video objects. We
2) opaque, where all pixels inl& x 16 block are located inside approximate the shape of the VOP from the shape coding modes
the object; and 3) intra, where the pixels id@x 16 block are in the MPEG-4 bit stream, without requiring the decoding of
at the boundary of the object. In intra shape coding, the pixdale shape information. Besides saving computations, this ap-
inside the boundary blocks are raster order scanned and the pooximation makes the proposed algorithms less dependent on
responding binary shape data is context-based arithmetic cotieelsegmentation errors and how lossy the shape information is
[14]. Lossy shape coding is achieved by subsampling of the bibded.
nary alpha plane by a factor of 2 or 4 prior to arithmetic en- In this section, we propose a key VOP selection method
coding. that is based on the significant changes in the approximated
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shape content of video objects. That is, the first VOP of a video TABLE I

object is selected as a key VOP, and a new key VOP is declared APPROXIMATION OF THESHAPE CODING MODES FORP AND BVOPs

whenever a Significant Change occurs in the Shape of the vidBiock coding mode in the Block coding mode in the Approximated block

object. In order to detect the significant changes in the shajference VOP___ predicted VOP coding mode _
tent. a shape s|m|lar|ty measure is required We empl(transparent, opague, intra transparent transpar(ent ((;)u)tSlde)

con ) . transparent, opaque, intra opaque opaque (inside

the Hamming and Hausdorff distance measures to estime.ransparent, opague, intra ihr;t\r/aD‘ — - intra Etoungary;

. . . transparent, opaque, intra s = no nter update ntra (boundary
the difference be_tween tWO Shapes' The Hammmg dIStan'transparent, opaque, intra MVDs=0 & inter coded intra (boundary)
measures the pomt-by-pomt difference between two shape transparent, opaque, intra MVDs!=0 & inter coded intra (boundary)
whereas the Hausdorff distance measures the largest dista-ransparent MVDs=0 & no inter update | _intra (boundary)

K opaque MVDs=0 & no inter update opaque (inside)
between the contours of two shapes. Both of these distans, MVDs=0 & no inter update intra (boundary)

measures are commonly used in shape retrieval, and they both
have different implementation and computational complexity

requirements. We modify these distance measures so that )y for the shape coding modes have been constructed such
are computed based on the shape approximations derived figy if poth the reference and the predicted block are opaque,
the shape coding mod_es in the MPEG-4 compfessed_doma'%en it is most efficient to transmit the predicted block in inter
In our shape approximation, eabh x 16 shape block is rep- o de with no motion vector and update information. Hence, if
resented with one value, depending on the location of the shapg reference block is opaque and the predicted block is inter
block, i.e., inside, out_S|de, or at the borde_r of the video obje¢lyqed with no update information being sent to the decoder,
Recall that three codllng modes are possible for IVOPs: traffan the current block is likely to be an opaque block. On the
parent, opaque, and intra. The coding mode of a shape blefKer hand, if both the reference and the predicted blocks are
directly indicates the shape block type, i.e., whether a blogknsparent, then it is most efficient to transmit the current block
is inside, outside, or a boundary block. This property makesg (ransparent. Therefore, if the shape of a predicted block is
IVOPs ideal key VOP candidates for our key VOP selection ghier coded with no motion vector and update information, and
gorithms. Nevertheless, there may be MPEG-4 bit streams thatreference block is transmitted as transparent, then it is very

do not have periodic IVOPs or the temporal distance betweggyy that the predicted block belongs to the boundary of the
consecutive IVOPs may be very large. In such cases, it may\Rgeq object.

necessary to consider P and BVOPs as key VOP candidates 8§ order to reconstruct the approximated shape information

well. However, in P and BVOPs the shape blocks are coded pggp and BVOPs, first, the approximation rules summarized in
dictively. Therefore, it may not be possible to determine wheth@t e || are applied to each PVOP in a group of pictures so
a shape block is an inside, outside, or boundary block, withlyt 4| the inter modes of the PVOPs are mapped to one of
fully dec_odlng and reconstructing the shape information. To aghe transparent (outside), opaque (inside), and intra (boundary)
dress this problem, we next propose a method that allows the ¥88ing modes. Then, the same rules are applied to the BVOPs
of the same approximation (i.e., inside, outside, or bou”dary)t%fapproximate them from their reference | or PVOPSs.
a shape block in P and BVOPs. _ _If a predicted block does not have a corresponding refer-
In MPEG-4, the shape of a P and BVOP is coded by using,ce piock in its reference VOP, then we apply the copy rule
one of the seven possible coding modes that are summarigeq peG-4 [14]. That is, if the number of lines (respectively,
in Table I. If the coding mode of a shape block in & P or BVORo1ymns) is larger in the current VOP than in the reference VOP,
is opaque, transparent, or intra, then the shape block is insigg, hottom line (respectively, rightmost column) is replicated as
outside, or at the boundary of the video object, respectively.{fany times as needed in the reference VOP such that all blocks

the coding mode of a shape block is one of the four inter mod&$he predicted VOP have corresponding blocks in the reference
then it is not possible to indicate in an accurate way that theyp,

shape block belongs to inside, outside, or the boundary of the

video object, withogt decoding the shape information O_f th . Key VOP Selection Using the Modified Hamming Distance
reference and predicted shape blocks, and reconstructing the . i ) ]
predicted shape block. However, we can predict where the shap&ne Hamming distance between two shapes is defined as the
block is located by considering each possible combination B¢mber of different pixels between the shapes. In our proposed
the shape coding modes of the reference and predicted shAjséhod, the shape of the VOP is obtained by using the approx-
blocks, as summarized in Table Il. Our prediction rules af@ations described in the previous section, and the values “0,”
based on the following observations. If a shape motion vectds” @nd “2" are assigned to the outside, boundary, and inside
and/or some update information is coded for a predicted shaiPe blocks, respectively, as depicted in Fig. 2. Then, a modi-
block, then regardless of the shape coding mode of the referefigd version of the Hamming distance between the two VOPs
block, the predicted shape block is very likely to be located 5 computed as follows:

the boundary of the video object. If neither motion vectors nor N

update information is coded, then the shape block type will be d— Z Z ok, — a2 |

expected to be exactly the same as that of the reference block. T T

However, since the shape motion vector is coded predictively,

this may not be always true. Therefore, this inter mode I’eqUiresFor the Hamming distance measure, the distance between two pixels can be
further analysis. The MPEG-4 variable length coding tablesly 0 or 1. The distance between two pixels can here be 0, 1, or 2.

n=0 m=0
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Fig.2. Approximation of the shape of an IVOP by using the shape coding modes in MPEG-4. The “0,”“1,” and “2" values are assigned to the outsi@a{jranspar
boundary (intra), and inside (opaque) blocks, respectively.

(a) (b) (c) (d)

Fig. 3. (a) Shape of a key VOP, (b) shape of a key VOP candidate, (c) the large Hamming distance between the two VOPs (shown in gray) caused by the
miss-alignment, and (d) the small Hamming distance between the two VOPs using mass center alignment.

where not available without decoding the bit stream, the mass centers
a}nm shape approximation value of the key VOP carare found by using the shape approximations.
didate in thenth row andnth column (innumber A new key VOP is selected when the distance between the
of blocks) of the binary alpha plane; approximated shape of a key VOP candidate and that of the key
afnj n shape approximation value of the temporally/OP is larger than a threshold. The threshold should be adaptive
closest key VOP corresponding to the sam#@ 1) the activity level and 2) the size of the video object. First,
location; the activity level of a video object needs to be considered be-
M andN width and height, respectively, of the VOP<cause athreshold thatis optimized for low activity video objects
bounding box. may result in an erroneous selection of every single key VOP

opndidate as a key VOP in highly active video objects. Even
candidate are different from those of the key V@P,and N thoughiitis desired to have more key VOPs for video objects that

are assigned to the larger dimensions, and the extended blgdi&sMore active, the threshold needs to be increased in order to
are padded with “0.” Because of the “0,” “1,” and “2” Va|uesaV(_)ld selecting an excessive number of key VOPs for such V|de_0
assigned to outside, boundary, and inside blocks, respectivaigiects. Second, the threshold should be selected so as to main-
the modified Hamming distance is larger when an outside blokk Size invariance. This can be achieved by scaling it with the
corresponds to a inside block than when an outside block corfé€@ of the VOP bounding box. We.compute the threshold for
sponds to a boundary block, or vice versa. each key VOP candidate as follows:

_ A_problem here is that aglight spatial shift_betwgen two very Ty = Ao min(My, M) min(Ny, N»)
similar shapes may result in a large Hamming distance. Con-
sider the two alpha planes presented in Fig. 3(a) and (b). Ewehere

When the horizontal and/or vertical dimensions of the key V

though the shapes look almost the same, the Hamming distancg; empirically determined parameter that is con-
between the two shapes is very large, as depicted in Fig. 3(c). stant for all VOPs;

The minimum Hamming distance between two shapes can beb is determined by the activity level of the video
determined by computing the Hamming distance for every pos- object;

sible alignment of the two shapes. However, this would require A7; andN; width and height (in number of blocks) of the
a very large number of computations, making the algorithm key VOP, respectively;

impractical. Our experiments showed that aligning the massi/; andN, width and height of the key VOP candidate,
centers of the two shapes provides a good approximation for respectively.

the alignment corresponding to the smallest Hamming distantethe cases where the heights and the widths of the current key
This is depicted in Fig. 3(d). Since the actual shape of a VOPVOP and key VOP candidate are different, the smaller dimen-
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sions are used to determine the area of the VOP. This way,
the dimensions of the current key VOP and the key VOP cang
date are significantly different, then the threshold is made sm
enough so that it is likely to be exceeded.

Since the parametes depends on the activity level of the
video objects, and the video objects may not have unifor
activity levels throughout their lifespans, we need to divide th
video objects into temporal segments with uniform activit
levels. The activity level of a video object can be predicte
by monitoring the number of intra coded shape blocks i
the I_D_VOPS and B\_/OPS’ and defining a new _segment Whe'&i&‘. 4. Approximation of the shape contour of an IVOP by using the shape
significant change is detected. The number of intra coded shap@ing modes in MPEG-4. The intra coded (boundary) shape blocks in IVOPs
blocks,v, can be obtained from the MPEG-4 hit stream withouire selected as the contour points.
decoding the shape data. In order to provide size invariance
is scaled with the area of the VOP. 40

The gradient ofy is used to determine the significant vari- é‘ ’H S
ations iny. We employ a five-point median filter in order to = j{
remove the spikes that correspond to sudden changewith 2 2;
very short duration. This is followed by a three-point averagir : 15
filter to smooth the local changes. Then, the gradient is apprc ' £ 10
imated by 2 z
Ay = y[n] — v[n — 1] 0 02 0.4 06 0.8 1

Al
wherevy[n] and~[n — 1] are the numbers of intra coded shape
blocks of the current PVOP or BVOP and the temporally presg. 5. Change in the number of key VOPs for differént values for the
vious PVOP or BVOP, respectively. A large gradient value irRream video object.
dicates a significant change in Whenever the absolute value

; : TABLE I
of the gradlent O,fy IS fabove a threShOkT“’_ a new temporal SELECTION OF THEVALUES FOR THE PARAMETER ¢ DEPENDING ON
aCtIVIty Segment IS def'ned After thl’esh0|dlng, Very Sma” tem‘ THE ACTIVITY LEVEL OF VIDEO OBJECTS
poral segments are combined with the neighboring temporal
segments to prevent having an excessive number of temporal ¢ Activity level (average percentage
segments. of intra coded shape blocks)

. . . 1 0% t0 29.9%
B. Key VOP Selection Using the Hausdorff Distance

1.2 30% to 69.9%

The Hausdorff distance measure can also be used to measure
the similarity between two shapes. It is defined as the maxmin
function between two sets of points as follows [21]:

70% to 100%

WA. B) = ms infdla. b new key VOP. As in the Hamming distance case, the contours of
4, B) I(Perﬁ({?él}al{ (a, B)}} the key VOP and the key VOP candidate are aligned using their

whereq and B are the points of the setsand B, respectively, mass centers in order to make the Hausdorff distance invariant

and d(a, b) is the Euclidean distance between these poin&f.épag.ial ?Eiﬁ;' dorff dist bet the sh ¢ ¢
More specifically, the Hausdorff distance between the sets Inding the Hausdorlt distance between the Shape contours o

of points A and B is the maximum distance of the points e key VOP and the key VOP candidate involve a large number

set A to the nearest point in set B. The Hausdorff distance ‘?é Euclidean distance computations. Moreover, extracting the

not symmetric, i.e.;i(A, B) may not be equal td(B, A) contours of the VOP requires the decoding of the shape data. In
g ! g der to avoid these computations, we approximate the contour

i'l;hgei(/e;r?rs{/a more general definition of the Hausdorff dlstamg(% a VOP shape from the shape coding modes by defining the
boundary shape blocks as the contour points. This is depicted in
H(A, B) = max{h(A, B), h(B, A)} Fig. 4. As a result, the number of contour points is significantly
reduced, yielding 46 x 16 times reduction in computations,
whereh(A, B) andh(B, A) are the Hausdorff distances frombesides not needing to decode the shape data.
A to B, and from B toA, respectively. Unlike the threshold used in the Hamming distance based al-
Similar to the key VOP selection algorithm proposed in thgorithm, the threshold used in this algorithm does not depend on
previous section, the first VOP of a video object is declared #se activity level of the video object. Our experiments showed
a key VOP, and whenever the Hausdorff distance between a klegt high activity video objects that have large numbers of intra
VOP candidate and its temporally closest key VOP is larger thaaded shape blocks do not necessarily have large Hausdorff
an adaptive threshold, the key VOP candidate is selected adistances between the key VOPs and the key VOP candidates.
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Fig. 6. Intra coded shape block activity for the Bream video object.
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Fig. 7. Key VOPs selected using the Hamming distance based algorithm for the Bream video object.

This should be expected because, unlike the Hamming distar VOF 0 VOP 208 VOP 248
where all the points of the shape affect the distance between t
VOPs, the Hausdorff distance is affected by only the two poin
that have the largest distance, one in the key VOP, and the ot
one in the key VOP candidate. The threshold, however, still d
pends on the size of the video object. Since the Hausdorff d
tance is based on the Euclidean distance, the threshold is sc

by the diagonal length of the VOP bounding box. The threshold
is given by Fig. 8. Key VOPs selected using the Hamming distance based algorithm
for the Weather video object.

T, = AQ\/Inin(Ml, M2)2 —i—min(Nl, N2)2 IV. EXPERIMENTAL RESULTS

The proposed key VOP selection algorithms are implemented

where in C++, and the Microsoft MPEG-4 decoder [22] is used for
Ao predetermined scale-factor that is constant fgrarsing and partial decoding of the MPEG-4 bit streams to ob-
all VOPs; tain the shape coding modes. In this section, we present our

M, andN, width and height (in number of blocks) of thekey VOP selection results for three video objects: Hall Monitor,
' ' key VOP, respectively: which is a surveillance video sequence, Bream, which is a se-

] ] ] guence that shows a fish swimming and turning, and Weather,
M, andN, width and height of the key VOP candidateyich is a sequence that shows an anchor woman presenting
respectively. the weather forecast. These sequences cover a variety of video
If the widths and heights of the key VOP and the key VOP caobjects, from the highly active Hall Monitor to the low motion
didate are different, then the smaller dimensions are selected/¢@ather. The Hall Monitor video sequence was segmented after
as to make it more likely to declare a new key VOP if there isgroduction, whereas the Bream and Weather video sequences
significant size difference. were segmented during production using chroma keying.
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VOP 6 VOP 22 VOP 62 VOP 118 VOP 142 VOP 246

pR Y

Fig. 9. Key VOPs selected for the Hall Monitor video object using the Hamming distance based algorithm and with employing a video object acfivity level
dependent threshold.

VOP 0 VOP 112 VOP 136 VOP 208

VOP 224 VOP 232 VOP 248

Fig. 10. Key VOPs selected using the Hausdorff distance based algorithm for the Bream video object.

The threshold used in the Hamming distance based key VCVOP 0 VOP 192 VOP 256
selection algorithm depends on the parametei@nde, as well
as the dimensions of the video object. While the dimensions
the video object are extracted from the MPEG-4 bit stream, t
values of the parametels and¢ are empirically determined.
The parametek; indicates the percentage of the shape area
is allowed to be different before selecting a new key VOP. S
lecting a lower value for\; would result in a higher number
of key VOPs and vice versa. The change in the number of k
VOPs fO_I’ dlﬁer?nt values ok, _IS presented in Fig. _5 for the Fig. 11. Key VOPs selected using the Hausdorff distance based algorithm for
Bream video object. Our experiments show that setting the valie weather video object.
of the parametek; to 0.25 and changing the value of the param-
eter¢ from 1 to 1.5 depending on the activity level of the video Next, we present our key VOP selection results for video
object, as presented in Table IlI, result in key VOPs that reprebjects that are coded at 15 VOPs per second, following the
sent efficiently the content of the video objects. IPPPIPPP structure, with lossless shape coding, and using a

Since the parametes depends on the activity level of theconstant quantizer value of 10 for texture. In this set of experi-
video object segment, the video objects are divided into tements, only IVOPs are considered as key VOP candidates. We
poral segments with uniform activity levels prior to key VORilso demonstrate the performance of the proposed algorithms
selection. The value of the temporal segmentation threghigld in the case where very lossy coding for shape, i.e., downsam-
is set to 0.01. Fig. 6 shows the change in the percentage of irifimg by four, is employed. Moreover, we present a set of ex-
coded shape blocks for the Bream video object. The two majmeriments that demonstrate the effects of the use of video ob-
peaks of the graph correspond to the two highly active segmejatst activity level parametes. In the second set of experiments,
of the video object, that is, where the shape of the video olve perform key VOP extraction from the IBBBPBBBPBBBP
ject changes rapidly. The temporal segments and their corsgructured MPEG-4 bit streams, where |, P, and BVOPs are also
sponding activity levels for the Weather, Bream, and Hall Morconsidered as key VOP candidates. In the third set of experi-
itor video objects are shown in Table IV. ments, we compare our algorithms to other available methods
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VOP 6 VOP 22 VOP 46 VOP 78 VOP 102 VOP 142 VOP 246

LAd2)

Fig. 12. Key VOPs selected using the Hausdorff distance based algorithm for the Hall Monitor video object.

VOP6 VOP22 VOP62 VOPB86 VOP94 VOP 134 VOP 150 VOP 166 VOP 174 VOP 246

(A

Fig. 13. Key VOPs selected for the Hall Monitor video object using the Hamming distance based algorithm and without employing a video objeevattivity |
(¢) dependent threshold.

for key VOP selection. Finally, we present a discussion on the TABLE IV

computational complexity of our proposed algorithms. TEMPORAL SEGMENTS FOR THEWEATHER, BREAM, AND HALL
MONITOR VIDEO OBJECTS

A. Key VOP Selection Using IVOPs Video Segment | start stop Activity level (average percentage
. bject VOP o | VOP f intra coded shape block:
Figs. 7-9 show the key VOPs selected for the IPPPIPPi%,f;;}ler 30 0 = 176 = 3‘4‘;” coded shape blocks)
structured Bream, Weather, and Hall Monitor video object bi 1 178 200 5.7%
streams using the Hamming distance based algorithm and cc § 5% %8 ;g;
sidering the IVOPs as key VOP candidates. The key VOPS € Bream |0 0 102 4.6%
tracted using the Hausdorff distance measure, by setting t 1 104 124 15.4%
R 2 126 206 3.6%
value of the parametex, to 0.2, are presented in Figs. 10-12 3 208 228 18.0%
for the Bream, Weather, and Hall Monitor video objects, re 4 230 242 11.0%
spectively. As seen from the figures, both algorithms select ke 2 T S
VOPs that provide a good summarization of the video objects mMonitor | 1 36 70 31.5%
The performance of our proposed algorithms has very littl 2 72 96 37.1%
X : ; 3 98 120 28.2%
dependency on the coding rate of the shape information. In tl 4 122 178 35.8%
next experiment, we employ the most lossy coding possible fq 5 180 206 16.9%
the MPEG-4 shape information, where the intra coded shaj ¢ OO Bt B Bt

blocks are downsampled by a factor of four. In this case, the se-
lected key VOPs for the Bream video object using the Hamming
distance based algorithm are 0, 112, 128, 208, 224, 232, awlial to 1. Therefore,it does not have any effect on the threshold
240. The key selected VOPs using the Hausdorff distance basethputation. On the other hand, the activity level of the Hall
algorithm are 0, 112, 136, 200, 224, 232, and 240. These Kdpnitor video object is high in most of its temporal segments,
VOPs are very similar to the ones shown in Fig. 7 and Fig. 18s shown in Table IV. Consequently, the parametaffects the
for the Hamming and the Hausdorff distance based algorithnalgcision threshold when computing the Hamming distance. If
respectively. Therefore, our proposed algorithms perform sitthve parametes is not employed when selecting key VOPs for
ilarly when the video object shape is coded losslessly or in thiee Hall Monitor video object, then the selected key VOPs are 6,
most lossy mode possible. 22,62, 86,94, 134, 150, 166, 174, and 246, as shown in Fig. 13.
We next demonstrate the effects of the video object activiBecause the Hall Monitor video object s highly active, using the
level ¢ when determining the threshold for the Hamming dighreshold that is not scaled up with the parametegsults in the
tance based algorithm. Since the Bream and Weather video sblection of an excessive number of key VOPs. When these key
jects have moderate activity levels, as given in Table IV, théOPs are compared to the ones presented in Fig. 9, which were
activity level parameteg in most of the temporal segments isselected considering the activity level of the video object, it can
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VOP 6 VOP 44 VOP 106 VOP 135 VOP 143 VOP 160  VOP 175

Fig. 14. Key VOP selection results for the Hall Monitor video object using the algorithm proposed in [16].

be seen that they do not improve much the summarization of the TABLE V

salient content of the video object. Therefore, employing the abE ESTIMATED NUMBER OF OPERATIONSREQUIRED FOR THEHAMMING AND
L. . . . HAUSDORFFDISTANCE BASED KEY VOP SELECTION ALGORITHMS!

tivity level of video objects for key VOP selection prevents the

selection of an excessive number of key VOPSs for highly acti\Key YOP selection algorithm | Number of operations Example: N=8, M=8
video objects, while yielding a sufficient number of key VOP Hamming distance based | NxM subtraction 64 subtraction
that represent efficiently the salient content of a video object. : MM absolute value 64 absolute value
Hausdorff distance based 16x(N+M)x(N+M} square 4096 square
) . 8x(N+M)x(N+M) square-root 2048 square-root
B. Key VOP Selection Using |, P, and BVOPs BX(N+M)x(N+M) addition 2048 addition

In our next experiment, we extract key VOPs from the

IBBBPBBBPBBB structured Bream video object bit stréamypa efore. processing in the compressed domain becomes very

where not only IVOPs, but also P and BVOPs are considergg, antageous, since the same performance levels are achieved
as key VOP candidates. The selected key VO_Ps in this case_@gﬁg 16 x 16 times less computations and without requiring
0, 112, 120, 128, 208, 224, 232, and 240 using the Hammi decompression of the shape data.

distancg measure, and 0, 1,12’ 120, 128, 216, 228, 236, an9\/e also compare our key VOP selection algorithms with
252 using t.he Hausdorff @stanpe measure. The key VO.{?“Q9 compressed domain algorithm proposed by Fermian
selected using the Hamming distance measure are identigali; ) Their key VOP selection algorithm is based on the
to those presented in Fig. 7, where only IVOPs were kg e coding modes of the PVOPSs, and a key VOP is declared
V_OP candidates. The key VO_PS_ selected using the HaUSd%ﬁenever the corresponding percentage of intra coded blocks
d|_stance measure are very similar to the VOPs pre.sentedegaceedS a threshold. Using this algorithm, the key VOPs
Fig. 10, although they are not exactly the same. This ShoWgecteq for the Hall Monitor video object are presented in
be expected because, small prediction errors in P or BVOES 14 [16]. As can be seen from the figure, unlike our key
do not affect the Hamming distance significantly (since evetyop sejection algorithms (see Figs. 9 and 12), the algorithm
blo_ck in a VOP is L_Jsed for measuring the Hamming d'StanC‘f)roposed in [16] selects redundant key VOPs (see VOPs
while small prediction errors that may occur at the edge of P g, - par 143, 160, and 175), while also failing to represent some

BVOPs may affect the resulting Hausdorff distance (since &, rtant content changes, more specifically the VOP number
Hausdorff distance is measured between two points). 246.

For comparison purposes, we have ?"50 implgmented they/hile the performance of the proposed Hamming distance
pixel domain versions of the same algorithms, which are noyng Hausdorff distance based algorithms are similar, their im-
applied to uncompressed (actual) shape data instead of Higmentation and complexity tradeoffs differ significantly. The
approximated shape data. Using the pixel domain algorithqymming distance based algorithm requiles M subtraction
that is based on the Hamming distance with the same valygsi absolute value operations, aNdx M — 1 additions per
for the parametera, and¢, the selected key VOPs are 0, 240yey vOP candidate. Dividing a video object into temporal seg-
256, and 296 for the Weather, 0, 112, 128, 208, 224, 232, gigdnts with uniform activity levels requires approximately ten
240 for the Bream, and 6, 22, 54, 102, 142, 190, 230, and 2d8mparisons, one division, and two additions for the five-point
for the Hall Monitor video objects. The pixel domain versiomnedian and three-point averaging filtering operations, and one
of the Hausdorff distance based algorithm yields the key VOR8mparison, one subtraction, and one addition for the derivative
0, 192, and 248 for the Weather, 0, 112, 136, 208, 224, 234, clustering operations per key VOP candidate. On the other
and 248 for the Bream, and 6, 14, 22, 78, 110, 134, 182, apghq, the Hausdorff distance algorithm requires the computa-
246 for the Hall Monitor video objects. The key VOPs selecteghn, of the distance from each contour block of the key VOP
using the shape information in compressed domain are simijgreach contour block of the key VOP candidate twice (once
to the ones selected using the decompressed shape informafipRach direction). If we approximate the number of contour

2Hamming distance measure does not include the operations involved iRIOCKS by2 x (N + M), then this algorithm would require
computing the activity level. 16 x (N + M) x (N+ M) square8 x (N+ M) x (N+ M)
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square-root, anfl x (N + M) x (N + M) addition operations [12] K. Tse, J. Wei, and S. Panchanathan, “A scene change detection algo-
for each key VOP candidate. Table V summarizes the estimated ~ithm for MPEG compressed video sequencesCamadian Contf. Elec-

trical and Computer Eng. (CCECE '95)ol. 2, 1995, pp. 827-830.

number of opergtlons reqwred for each algor'thm and shows 6[93] B. L. Yeo and B. Liu, “A unified approach to temporal segmentation of
example for typicalv andM values. Even when the number of motion JPEG and MPEG compressed videoEEE Conf, Multimedia
operations required to estimate the threshold for the Hamminﬁ Computing and Systerridlay 1995, pp. 81-88.

4] MPEG-4 Video Group, JTC1/SC29/WG11, “Coding of audio—visual ob-

distance based algorithm is considered, the Hausdorff distanCe™ jects: video.”, Jan. 1999.
based algorithm requires significantly more operations than thdts] B. Gunsel, A. M. Tekalp, and P. J. L. Van Beek, “Content-based access
of the Hamming distance based algorithm. Nevertheless, there to video objects: Temporal segmentation, feature extraction and visual

summarization,|IEEE Trans. Signal Processingol. 46, pp. 261-280,

are many algorithms proposed for the efficient computation of 5 1908
the Hausdorff distance [21]. Moreover, even though the numbgié] A. M. Ferman, B. Gunsel, and A. M. Tekalp, “Object-based indexing
of operations required is larger, the implementation of the Haus- ~ of MPEG-4 compressed video,” froc. IS&T/SPIE Symp. Electronic

Imaging vol. 3024, Feb. 1997, pp. 953-963.

dorff distance based algorithm is simpler, since it does not rep ) |sojiEC, JTC1/SC29/WG11, “Description of MPEG-4,”, N2995, Oct.

quire dividing the video objects into temporal segments with ~ 1999.
uniform activity levels. [18] D. Wang, “Unsupervised video segmentation based on watersheds and

In this paper, we have presented a method for key VOP sele

V. C temporal tracking,TEEE Trans. Circuits Syst. Video Technebl. 8, pp.
- LONCLUSIONS 539-546, Sept. 1998.

D. Zhong and S.-F. Chang, “Video object model and segmentation for
content-based video indexing,” IBEE Int. Conf. Circuits and Systems

tion using the Hamming and the Hausdorff distance measures.  June 1997, pp. 1492-1496.
The corresponding algorithms employ shape approximationig0] R. Talluri, “Error-resilient video coding in the ISO MPEG-4 standard,”

obtained from the shape coding modes of I, P, and BVOP&l]

IEEE Commun. Magpp. 112-119, June 1998.
D. P. Huttenlocher, G. A. Klanderman, and W. J. Rucklidge, “Comparing

without decoding the shape information in the MPEG-4 bit ~ images using the Hausdorff distancéEEE Trans. Pattern Anal. Ma-
stream. Using the shape approximations, the operations re- chine Intell, vol. 15, pp. 850-863, Sept. 1993.

2] Microsoft, JTC1/SC29/WG11, “MPEG-4 video encoder/decoder,”,

quired to compute the Hamming and Hausdorff distances aré 2000,
reduced by approximately x 16 times. Since the decompres-

sion of the shape data is not required, the bit stream process’=~
time is also reduced significantly. Besides saving computatiol
using the shape approximations makes the proposed algoritt
less dependent on the segmentation errors and how lossy
shape information is coded. The performances of the Hammi g
and Hausdorff distance based algorithms are similar, in t |
sense that they select key VOPs that represent efficiently
salient content of the video objects. Therefore, depending
the application and available processing resources, either gpg, applications for D
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