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Abstract. Video streaming is characterized by a deep heterogeneity due
to the availability of many different video standards such as H.262, H.263,
MPEG-4/H.264, H.261 and others. In this situation two approaches to
motion segmentation are possible: the first needs to decode each stream
before processing it, with a high computational complexity, while the
second is based on video processing in the coded domain, with the dis-
advantage of coupling between implementation and the coded stream.
In this paper a motion segmentation based on a “generic encoded video
model” is proposed. It aims at building applications in the encoded do-
main independently by target codec. This can be done by a video stream
representation based on a semantic abstraction of the video syntax. This
model joins the advantages of the two previous approaches by making
it possible working in real time, with low complexity, and with small
latency. The effectiveness of the proposed representation is evaluated on
a low complexity video segmentation of moving objects.

1 Introduction

In many applications the video stream is available at the source only in com-
pressed form because it is included in some system protocols such as 3G-324M,
DVB-H, SIP/RTP and others, or because the NetCams, nowadays used in many
applications, send data on RTP/RTSP in MPEG-4, H.264, H.263 and others.
In this varied context, a direct approach to implement video processing algo-
rithms consist in a work in the pixel domain after video decoding. This choice
has the disadvantage of an high complexity, because of decoding and pixel do-
main processing. Moreover the encoded stream contains useful information for
many applications, such as motion vectors. Hence a processing using such in-
formation is able to fully exploit the work of the encoder. For these reasons
the proposed approach detects moving regions in the compressed domain with-
out decompression. This allows us to work in real time, with low complexity,
and with a small latency because, in principle, the representation could be con-
structed on the head of a video picture while its tail is still being received. The
proposed representation addresses also the problem that in video applications,
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as stated before, there are many encoded stream standards, thus implying some
problems such as the dependence between the implementation and the codec,
or in other words the leak of generality of the implemented algorithm. Indeed
our proposal is to represent the video using a generic model of encoded video
streams, in order to develop codec independent algorithms. In this paper we
discuss a low complexity motion segmentation, based on a semantic and uni-
fied representation of encoded video streams. Motion segmentation is a process
that decomposes a video scene into moving objects or regions. Moving objects
or regions extraction is a necessary preprocessing for many application such as
scene interpretation, analysis and other. Moreover, the motion segmentation is
also worthwhile in cooperation with real-time video trans-coding, object recog-
nition, video surveillance applications and source encoding with content based
video standards. Many segmentation methods proposed in the literature, regard
the extraction of motion information as a separate process without using any
information derived from video encoding process as [9J6]. Other methods use the
information derived from encoded bitstream, like DCT coefficients [I45JI07],
motion vectors [2[12/4I318], or both [TIJI31]. These are efficient for real-time
applications because they work on encoded domain, however they have the dis-
advantage of being codec dependent. The novelty of our method is to build
a video segmentation, independently from the codec syntax by the use of a se-
mantic model of the encoded stream. The motion segmentation presented in this
work is block-based and computed through some basic features contained on the
semantic representation, like motion vectors, intra/inter block information and
others. The direct use of these features is not sufficient for our aims, indeed
encoders operate given a bit budget in order to minimize the source distortion.
This implies that some features contained in the bitstream, like motion vectors,
are present not only on moving regions but also on similar areas in order to ef-
ficiently represent some local changes, using information of neighborhood areas.
In other circumstances on flat areas those features are absent even on moving
objects. The approach has been evaluated on some standard sequences, but due
to space constraints, we present results on two of the most used test videos,
“Hall Monitor” and “Container”, in order to make easy the comparison in lit-
erature. The results show that real-time motion segmentation can be achieved
by using our approach. The paper is organized as follows. Section [2] presents the
video bitstream model, Section [3] shows details of the proposed motion segmen-
tation method. Experiments, conclusions and future works are in Section [4] and
Section

2 Encoded Video Stream Model

The proposed encoded video stream model is based on the abstraction of syn-
tax elements of the most significant video standards. Looking at the standards
and at their evolution, it’s easy to notice that they share some common ideas.
Indeed video standards syntax evolution moves from simple to more and more
complex scene models, or on more complex tools for representing it. Video stan-
dard syntax could be seen as a set of encoding tools that, if appropriately used,
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Fig.1. Assuming in a) and e) respectively an H.263 and a H.264 bitstreams, the
semantic representations specific for H.263 and H.264 bitstreams are shown respectively
in b) and d), in which the hierarchical dependencies between elements defined by this
standards are maintained; in c) the Semantic Representation of Encoded Video Stream
is shown, which is able of generalizing different video standards

let the encoder to achieve “good” compression. The aim of our model is to catch
common elements of the main standards or to generalize the novelty introduced
by some of them. For this reason, introducing the proposed model is useful
to reconsider some concepts about video compression and some encoding tools
provided by various standards. As it is well known, video itself is basically a
three-dimensional array of color pixels of which two dimensions lies in the spa-
tial directions and the last dimension represents the time evolution of the scene.
Video data contain spatial, temporal and chromatic redundancy, hence, in order
to achieve video compression, standard codecs provide different tools to exploit
redundancies. For the spacial redundancies the use of DCT transform tools is
quite common. There are many syntactic differences, which could be viewed as
a different scene model or different tools to represent the same model. More in
details the syntax tools provided in ITU-H.261 are adequate on a scene model
with a main object on a background, for instance a speaker on a background.
Indeed H.261 introduces encoding of “future frame” by P-frame encoding tool.
ITU-H.263 is also suited on the same scene model, but introduces more com-
plex tools for representing scene evolution like PB-frames (Bidirectional Predic-
tion), and many others. The ISO-IEC MPEG-2/ITU-H.262 has encoding tools
to predict with high efficiency the redundant information by P-frames and B-
frames and also introduces some tools to encode interlaced analog signals. The
ISO-IEC MPEG-4 part2 introduces, instead, more complex scene models, made
up by several visual object on the scene, explicitly encoded in the bitstream
but quite complex to exploit. Finally ISO-IEC MPEG-4 part10/ITU-H.264 uses
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Fig. 2. Assuming in a) and e) respectively an MPEG-2 and a MPEG-4 bitstreams, the
semantic representations specific for of MPEG-2and MPEG-4 bitstreams are shown
respectively in b) and d), in which the hierarchical dependencies between elements
defined by this standards are maintained; in ¢) the Semantic Representation of Encoded
Video Stream is shown, which is able of generalizing different video standards

advanced but easy to implement, tools to represent the evolution of the scene.
These tools give it a big advantage if compared with other standards in terms
of performance. Even with this short survey of same characteristics of the main
codec standards, it is possible to understand that, to obtain a unified semantic
representation of the “encoder tools’ syntax”, is useful to build an abstraction
of the different implementations of the encoding tools themselves such as cited
P /B-frames. For instance the structure shown in Fig.[Ib, represents the semantic
description of the H.263 bitstream (Fig. [[h), where the hierarchical dependen-
cies between elements defined by the H.263 standard are maintained. This type
of representation makes video more easily manageable, but it’s valid only for
the H.263 bitstream. Indeed an H.264 bitstream cannot be represented by the
same structure. To this aim we should define a specific representation in which
groups of slices and slices appear (see Fig. [Id). In Fig. [Ik) the generic model
proposed to represent an encoded video stream is shown, where the sought level
of generalization / abstraction is obtained through each of the semantic elements
which compose the model. Each element of the model generalizes one or more
syntactical elements of different video standards.

The model consists of Picture Objects containing information about the frame
format (CIF, QCIF, etc.), the coding type used (Intra, Inter, etc.) and the quan-
tization step size. GroupOfElements Object handles the case where the frame
is divided into SliceGroup (H.264, MPEG-2). Elements Object generalizes GOB
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Fig. 3. Framework layers: the low layer is specialized on the supported codecs, the
middle layer performs the semantic representation and finally on the top the application
layer

(H.261, H.263) and Slices (H.263+, MPEG-2, H.264). The Macroblock Object
contains the coding type used in the macroblock, the motion vector value and the
blocks transmitted (Coded Block Pattern). Finally the Block Object contains lu-
minance (Y) and chrominance (Cr-Cb) DCT coefficients. Though the proposed
abstraction model is valid only for H.26X encoding, it can be extended to MPEG
encoding streams by providing the semantic structure with a cap consisting of
elements generalizing the Video Object Planes (VOP) and groups of VOPs, or
groups of Pictures, which are typical syntactic elements of MPEG standards.
Therefore we propose a model which provides a generic representation of the
video bitstream at a higher level of abstraction, i.e. a metacodec (see Fig. [3).
The framework is organized in three main layers: the low layer specialized on
the supported codecs, which should map the specific codec syntax into the se-
mantic representation of the middle layer, called “Metacodec”’. On the top, at
the third level, there is the application layer, like segmentation, that is based on
“Metacodec” layer, which, being codec independent, allows the development of
codec independent applications/algorithms. Hence the video segmentation, dis-
cussed in details in Section [ places itself at the third level of Fig.[Bl In order to
easily evaluate the results of the motion segmentation algorithm, we have imple-
mented a visualizer algorithm, called Halo, based on the semantic representation
of the encoded stream, therefore codec independent. Experimental results show
the effectiveness of the abstraction model.

3 DMotion Segmentation Based on Semantic Description

In the context of video analysis, processing and coding, the segmentation is a
very common operation and of particular interest. Video segmentation aims at
partitioning a video sequence into several regions according to a given criterion.
In the context of video analysis, processing and coding, the segmentation is a
very common operation and of particular interest. As said before segmentation is
at the third level of Fig. [3 but the segmentation itself could be seen as a further
semantic layer, between applications and MetaCodec, in particular as a low level
layer for the scene content representation. The presented motion segmentation
algorithm starts from the basic idea that motion is a special change. It works
in two steps: Spatial Segmentation and Temporal Segmentation. The Spatial
Segmentation step labels a macroblock (MB) of a frame according to the MB
spatial changes, then the Temporal Segmentation labels a MB according to its
temporal behavior.
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Fig. 4. Temporal evolution of a MB “active”, where dx and dy indicate the horizontal
and vertical components of MV;' (MV,, MV,) associated to M B!

3.1 Spatial Segmentation

In the first segmentation step we take into consideration the MBs of each frame.
A MB that represents a moving object or local changes in the background is
tagged as 1 (“active”), while a MB that is not changing is tagged as 0 (“static”),
according to the following equation:

it MV;! # 0.

if M B! is INTRA in INTER frame.
if MV;! =0 and neighborhood is
“mainly” in one of the previous cases.

ACT! =

0, otherwise.

where ACT}, M B! and MV}, are respectively the action tag, the macroblock
and the motion vector of the ¢ — th block at time t. More in deep, if the motion
vector is zero, we consider the eight adjacent MBs of the current MB; if the
neighborhood consists of a number of inter or intra MBs greater than a threshold
Thy, the MB considered is labeled as “active”, otherwise “static”.

3.2 Temporal Segmentation

After Spatial Segmentation, Temporal Segmentation has been performed in or-
der to understand if an area is “active” due to a moving object or to a local
change.Temporal Segmentation operates on matrices of labels (“static” or “ac-
tive”) previously computed. Starting from the consideration that a MB belonging
to a moving object has a coherence of the action through some frames, at this
stage our aim is to assess the temporal behavior of the “active” INTER MBs.
We can say that it is possible to calculate roughly the Motion Coherence (MC)
of the current MB at time ¢ using the frames at time ¢t — 1 and ¢ — 2 through the
weighted average of ACT coefficients influencing the current MB. More in deep,
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Fig. 5. The diagram blocks sequence of the experimental phase

MC(1)! and MC(2)! are defined as the weighted average of the ACT coefficients
influencing M B! block respectively at time ¢ — 1 and ¢ — 2, as in the following
definitions:

> ACTTY Ag(i, MV

Mc) = FEeMYD
' Zi:l Ak(iaMVit)

Y. MO Ai, MVY)
; t
ue@) =", 3
Zk:l Ak(27 MVzt)

where (i, M'V) is the set of indices of the MBs, in the previous frame, influencing
the MB of index i by Motion Vector MV, depicted as {1, 2,3, 4} in Fig. @ for sake
of simplicity. In the same figure the current M B! is predicted from parts of the
four macroblocks M B,i_l, furthermore the coefficients Ag(i, MV'), representing
the influence of each of the four macroblocks M B,t;l on the current macroblock,
are calculated through the motion vector associated to the M B! block, as shown
by the formulas, where dx and dy are respectively the horizontal and vertical
components of the motion vector. Finally, the temporal segmentation algorithm
decides whether the M B! belongs to a moving object depending on the fact that
the following equation is greater or smaller than a threshold T h:

2)

MOV} = ag - ACT! + ay - MC(1)! + aa - MC(2)! (4)

where ag+ a1+ a9 = 1 and MOV is close to 0 if there is no movement and close
to 1 if there is a coherent movement from previous MBs to the current one.

4 Experimental Results

The proposed motion segmentation was tested on some video sequences recorded
by a static camera. For briefness, only the results obtained for the “Hall Moni-
tor” (300 frames) and “Container” (300 frames) CIF sequences will be discussed.
Each sequence was encoded into a simple H.263 profile. The encoded video bit-
stream was decoded by the metacodec layer and then the result was used by our
algorithm of motion segmentation to detect the moving objects of the scene from
a largely static background (Section B]). Because the use of a basic H.263 codec,
the resulting segmentation is related with the size of macroblock (16x16 pixel).
It was found that, by applying 300 frames “Hall” sequence to the proposed mo-
tion segmentation, coherent motions are actually detected throughout the whole
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(c) Hall frame 150. (d) Hall frame 241.

Fig. 6. Experimental Results on “Hall Monitor” Video Sequence (Th1 = 3, The = 0.6,
oy = 0.4, a1 = 0.3, Qg = 03)

video sequences. The motion segmentation’s results are visualized through the
“Halo” algorithm, cited in Section [2] as the block diagram in Figure Bl) shows.
Figure[@ shows the segmentation results in the 43-th (man in black T-shirt), 115-
th (entry of man in white T-shirt), 125-th (both men in the corridor), 241-th
(output of man in black T-shirt) frames respectively; the segmentation algorithm
detects the real movement of video scene, i.e. the two people moving in the corri-
dor. Figure[7 shows the segmentation results for the “Container” video sequence
in the 168-th (ship and speedboat), 243-th (passage of both gulls) and 268-th
(exit of the first gulls) frames respectively. In the 168-th frame the segmentation
is able to distinguish the two boats, as it is able to distinguish the two gulls in the
243-th frame. By examining all the experiments (not only those discussed here),
we have observed that: 1) parameters ag, o and ag respectively set to 0.4, 0.3
and 0.3 are suitable for all tested video sequences; 2) the threshold Th; allows
us to select the dimension of the moving objects we want to detect; 3) if we set
the threshold T'hy to 0.6, we can apply a majority rule to decide if a macroblock
belongs to a moving object (i.e. if it is a moving macroblock in at least two
of three frames). The experimental results show that our segmentation is able
to identify motion areas using the limited information previously calculated by
the codec (motion vectors and macroblock type) with very simple decision rules
and a low computational complexity. However, it can wrongly decide like in the
168-th frame of Figure [1 where the algorithm detects motion of waves caused
by the transit of the motorboat, so representing in this case the small changes of
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(c¢) Container frame 258. (d) Container frame 263.

Fig. 7. Experimental Results on “Container” Video Sequence (Thy = 3, Tho = 0.6,
Qg = 0.4, a1 = 0.3, Qg = 03)

the background instead of the movements related to a real object. This kind of
error is not due to a malfunctioning of the segmentation algorithm but simply to
the fact that we are using only the information about the movement. Indeed the
codec sometimes associates motion vectors to macroblocks that are not moving
but are changed in texture; many of the errors due to this reason have been elim-
inated with the temporal segmentation, by recognizing as ”active” only those
macroblocks whose motion remains consistent through three frames.

5 Conclusion and Future Developments

In this paper, a semantic model of encoded bitstreams has been proposed. Based
on this model, a generic block-based motion segmentation method is introduced.
The segmentation results from the Hall Monitor and Container sequences show
that the proposed method can exploit the semantic description of an encoded
video to perform motion segmentation. It also offers a practical approach to
integrate the video encoding with the motion segmentation process, which in-
dicates that the proposed segmentation method is suitable for real-time video
applications like video surveillance and video transcoding. Future studies will be
focused on detecting the video contents and their features through an efficient
video segmentation algorithm based not only on motion but also on texture
features computed from the semantic description.
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