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ABSTRACT

Content based indexing and retrieval of video is
becoming increasingly important in many applications.
Identifying scene changes and special effects in a video
scene is an.essential pre-requisite for indexing. In this
paper, a sudden scene change detection algorithm for
H.263 video sequences is proposed. This method uses the
number of intra-coded macroblocks and Displaced Frame
Difference (DFD) signal of the video signal.
Experimental results show that the performance of this
algorithm is independent of the encoder threshold.
Furthermore, this algorithm is capable of detecting abrupt
scene changes accurately even the video sequence
contains special effects.

1. INTRODUCTION

Due to rapid advances in compression technology and
imaging hardware, the expansion of low-cost storage
media, and the explosion of the internet, the digital video
“for every one” is now becoming a reality. The demand
for digital video is also increasing in areas such as video
conferencing, multimedia authoring systems, education
and video-on-demand systems. Development of these
various multimedia applications requires fast and efficient
storage, browsing, indexing, and retrieval technigues.
Since, video is typically stored efficiently in a compressed
format, it is preferable to analyse the compressed
representation directly. This avoids the costly overhead of
decompressing and operating at the pixel level.
Compressed domain parsing of video has been presented
in earlier work where a video clip is divided into shots,
sub-shots and scenes [1-7]. Yeo proposed an algorithm
for sudden scene change detection by exploiting the DC
component, which can be extracted form compressed
video, e.g., MPEG. This method leads to partial
decompression of video and hence it is very costly.
Hierarchical scene change detection technique proposed
by Shin [4] and Zhang [2], is an another alternative
technique for H.263 sequences. But, again this algorithm
fails when adjacent frames are highly correlated (during
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special effects like fade-in, fade-out, dissolving and
wiping etc.). Furthermore this method depends on the
number of intra-coded and inter-coded MBs. Therefore in
this method, setting the thresholds are very critical and
heavily depend on the sequences to be processed. The
reason for this is, at the indexing level segmentation
algorithm has no information about the threshold, which
is used to insert I or P-frame at the encoder.

In this paper an algorithm is proposed based on DFD and
number of intra-coded MBs for H.263 compressed
sequence. Section 2 presents an overview for H.263 and
section 3 describes the proposed DFD based algorithm.
Section 4 presents some results with the proposed
algorithm and section 5 the conclusion.

2. H.263 OVERVIEW

The H.263 video codec is the ITU-recommended
standard [8] for very low bit-rate video compression.
Currently, H.263 encoding and decoding is the
predominant technology used in videoconferencing across
analogue telephone lines, optimised at rates below 64
kbits/s. Primary goal of the H.263 encoder is to represent
information as compactly as possible without
compromising video fidelity. In the encoder, all frames in
a video sequence are categorised as either I-frames or P-
frames. I-frames, or intra-frames, are encoded without
reference to any other frame in the sequence, in much the
same manner that a still image would be encoded. In
contrast, P-frames, or (predicted) inter-frames, depend on
information from a previous frame for its encoding. Each
frame in the sequence is further subdivided into
"macroblocks,” (MBs) which consists of a 16x16 pixel
luminance block, plus its corresponding two 8x8
chrominance blocks. MBs in an I-frame are intra-MBs as
they are all encoded independent of other MBs. In most
cases, MBs in P-frames are inter-MBs, which depend on a
previous MB for information. Inter-MB can be
represented by two pieces of information: its motion
vector, which indicates the location of the best-matching
MB in the reference frame, and the prediction error
(DFD), which is the difference between the prediction
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and the target MB pixel values. If the motion estimation
is poor, some MBs in P-frames can also be intra-MBs.

The next step in the encoding process is that of the
Discrete Cosine Transform (DCT). The DCT is a two-
dimensional linear transformation that maps values in the
spatial domain into the frequency domain. For inter-MBs,
it is the prediction error that is transformed. For intra-
MBs, the pixel values themselves are directly
transformed.

3. DFD BASED ALGORITHM

The ratio of the number of MBs without motion vectors to
the number of MBs with motion vectors (here after the
ratio) [2,4], is an economical method for compressed
domain sudden scene change detection. According to this
method, if an abrupt scene change occurs current and the
previous P-frames are not correlated. Therefore the ratio
is increased since, encoder needs to introduce more intra-

coded MBs. However, there is a threshold (TE , where,

TE = absolute sum of the difference between luminance

values in a particular MB and its mean value - sum of
absolute values of luminance DFD signal for the same
MB) is present as the encoder to decide whether to
introduce intra-coded or inter-coded MB. Therefore
simply counting the number of intra-coded MBs or taking
the ratio of the number of MBs without motion vectors to
the number of MBs with motion vectors is not sufficient
to identify an abrupt scene change. This is due to the
number of intra-coded blocks and number of inter-coded
blocks are functions of the encoder threshold. Therefore
the compressed domain scene change detection algorithm
should not only depend on the number of intra-coded
blocks. Specially, in H.263 bit rate is highly limited and
this leads the encoder to take all possible steps to predict
current MBs from the previous frame. When it tries to do
so, all inter-coded MBs must have a large DFD values
and also the variance of these DFD values will be large.
This is due to poor correlation between two frames when
a scene change is occurred. Thus, in the proposed
procedure, it has two stages. During the first stage it
counts the number of intra-coded MBs. If it exceeds the

predetermined percentage threshold (7, set it to a high

value to avoid false detection), then the abrupt scene
change is detected. If the above condition is not satisfied
then, DFD information is exploited. In this stage, it

calculates the mean (m;) and variance (O;) of the DC
term of the luminance DFD signals according to the
equations (1) and (2). Then, mean square error (MSE,)
is calculated with equation (3) and if this ratio is above

the pre-determined threshold (Tm ), then an abrupt scene

change is declared.
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where “N” is the total number of MBs and “i” is the
frame number.

4. SIMULATION RESULTS

For the simulation, H.263 bit streams are used with
176x144 QCIF format. Here, five different abrupt scene
changes are considered with the proposed algorithm.
Results are compared against the ratio method [2,4].
According to the ratio method, scene change is declared if
the ratio exceeds the pre-determined percentage threshold

(Tr). Results are also analysed with three different

encoder threshold levels. Figure 1 — Figure 3 show the
ratio of the number of MBs without motion vectors to the
number of MBs with motion vectors for three different

encoder thresholds of T . It is really impossible to set a

threshold for 7, to detect all sudden scene changes. If 7,
set to a low value, then probability of false detection is
increased. Now, set T, = 90% (which is very large). This

leads to missing a large number of sudden changes. This
can be avoided using the DFD information as shown in
Figure 4-6. They show the MSE of DFD signals against

frame number. When, 7, < 90%, algorithm consider the
MSE value. If it is less than Tm (= 100), there is no any
sudden scene change occurred. If it is greater than T,

and previous frame MSE is not greater than T, (This is
necessary because, when a scene change is occurred MSE
is large for the two consecutive frames), then scene
change is declared. For instance, consider the fourth
scene change at frame number 99. Figure 1 and Figure 2
show that the ratio is less than Tr Therefore, it should go
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to the second stage and there, MSE is greater than Tm
(Figure 4 and Figure 5). In Figure 3, ratio is greater than
T, and there is no need to proceed to the second stage.

Therefore in all three cases, scene change is detected
accurately. Similarly, other four changes are detected at
frame 24, 49, 74 and 125. Table 1 shows the summarised
results. It is clear that DFD method can detect all five
abrupt scene changes irrespective of the encoder
threshold where the ratio method fails.
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Figure 1: Ratio of number of intra and inter-coded MBs
(%) with frame number ( T =-2000)
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Figure 2: Ratio of number of intra and inter-coded MBs
(%) with frame number (T =0)
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Figure 3: Ratio of number of intra and inter-coded MBs

(%) with frame number (T =+2000)
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Figure 4: MSE of DFD signal with frame number
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against well-known ratio method. Experimental results
show that the performance of this algorithm is
independent of the encoder threshold unlike the ratio
method. Furthermore, this algorithm is capable of
detecting abrupt scene changes accurately even when the
video sequence contains special effects. Results indicate
that the proposed algorithm based on DFD can be used
for H.263 compressed video with a high reliability rate.
Further work is required to extend this algorithm for

0 20 40 60 80 100 120 140
Frame Number

Figure 6: MSE of DFD signal with frame number

(T, =+2000)
Encoder Detected Undetected False Detected
Threshold
Ratio Prop. Ratio Prop. Ratio Prop.
-2000 3 5 2 0 0 0
0 2 5 3 0 0 0
2000 5 5 0 0 6 0

Table 1 : Performance comparison of the DFD based
algorithm (7, = 100, 7, = 90%) against ratio method

(Tr= 2%) for the sequence considered. (where, Ratio -
Ratio Method and Prop. - Proposed algorithm.)

Encoder Detected Undetected False Detected
Threshold
Ratio Prop. Ratio Prop. Ratio Prop.
-2000 14 30 16 0 2 0
0 12 30 18 0 5 0
2000 25 30 5 0 45 0

Table 2 — Performance comparison of the DFD based
algorithm (7, = 100, T = 90%) against ratio method

(T.=2%).

Proposed algorithm is also tested with video special
effects such as fading, tilting, panning and observed that
the algorithm is capable of detecting all sudden scene
changes unlike ratio method produced many false
detections. Table 2 shows the summarised results for a
sequence, which is having special effects and several
sudden changes. This scene is having 30 sudden changes.
Results show that the proposed algorithm can detect all
scene changes accurately and ratio method fails to declare
the exact sudden scene changes.

5. CONCLUSIONS

This paper presents a real time algorithm, which can
detect abrupt scene changes in H.263 compressed video.
This algorithm is proposed based on DFD signal and the
number of intra-coded MBs. Results are compared

MPEG-2 compressed video.
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