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Abstract

Recently, there have been considerable e�orts for
detecting scene changes and for e�cient match-
ing and clustering of video shots using compressed
data. We propose here some algorithms that re-
duce false detections in cases of signi�cant object
motions, subtitling, picture in picture or special ef-
fects.

Introduction

With the emergence of digital library, there is an
urgent need to automatically extract key informa-
tions from images and videos for indexing, fast and
easy retrievals and scene analysis. However, image
compression tecniques have been developed for ef-
�cient storage and it can be expected that a large
part of future video material will be in compressed
form. Therefore, it is thus advantageous to imple-
ment algorithms to operate directly on compressed
data without having to �rst perform full decom-
pression. For compressed video, a common �rst
step is to segment the video into temporal "shots",
each representing an event or continuous sequence
of actions. The boundaries between video shots
are commonly known as scene changes. In general,
there are two types of camera shot: break and dis-
solve transitions. A break transition is an abrupt
change between two camera shots that is completed
within two consecutive frames. A dissolve is a tran-
sition between two camera shots that takes several
frames. However, frames on both side of a scene
change generally display a signi�cant variation in
the content. The e�ects of a scene change can be
observed on dc images or on motion vectors in a
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MPEG bitstream.
Dc images are reduced versions of the original im-
ages and they are useful for fast and e�cient video
analysis operations. The original image is divided
in blocks of 8*8 pixels: the (i; j) pixel of the
dc image is 8 times the average value of the (i; j)
block of the original image. The change detection
can be based on the measurement of successive dc-
level di�erences: an example is the distance

d(X; Y ) =
X

i;j

(jxi;j � yi;j j) (1)

where X and Y are dc images corresponding to
consecutive frames of the sequence [1]. While a
break transition is usually represented by a sin-
gle high pulse, a dissolve transition is usually
represented by a number of consecutive medium-
heighted pulses. A break transition can be detected
using a threshold; for a dissolve, the di�erence of
the current frame can be compared whit the aver-
age of the di�erences of the frames within a window
preceeding the current frame [2].
A scene change algorithm can be based also on con-
siderations about the motion vectors in the MPEG
bitstream [3]: in fact, the occuring of a scene
change causes the prevalence of determined predic-
tion types in I, P, B-frames of the sequence.
The performance of scene change detection algo-
rithms using only dc coe�cients can be a�ected by
factors such image manipulations or rapid object
motions: these factors will increase the possibility
of missed or false detection.
For example, an abrupt change as in the case of
a "picture in picture" generates a di�erence dia-
gram with a single high pulse; rapid object motions
or subtitling cause consecutive medium-heighted
pulses as a dissolve. These situations are due to
the fact that previous di�erences do not incorpo-



rate motion analysis and are not able to examine
the local activity. We can improve the accuracy
of the parsing algorithms by developing a new ap-
proach which captures signi�cant local variations
in the content of two frames. Our method o�ers
as advantage the use of the data available in the
compressed stream, i.e. the dc coe�cients for I-
frames and the motion vectors; all the information
is included in the distance de�nitions.

1 Measurement of local changes

To detect local variations, we consider each im-
age as a matrix, the elements of which are 8 � 8
pixel blocks: we evaluate the sum of absolute dif-
ferences between dc coe�cients of corresponding
blocks for each block row and each block column
of two frames. We propose two di�erence projec-
tion vectors de�ned as follows:

Pcol(Xk; Xk+1)(j) =
NX

i=1

(j�DC(i; j)kj � w(i; j))

(2)

Prow(Xk; Xk+1)(i) =
MX

j=1

(j�DC(i; j)kj �w(i; j))

(3)

d1(Xk; Xk+1) =
NX

i=1

MX

j=1

(j�DC(i; j)kj �w(i; j)) (4)

where Xk is the current I-frame, Xk+1 is the next
I-frame, DC(i; j)k is the dc coe�cient for the block
(i; j) of the frame Xk, �DC(i; j)k is the di�erence
between the (i; j) dc coe�cients in Xk and Xk+1,
M and N are the total number of block rows and
the total number of block columns respectively; the
w(i; j) weight depends on the motion vector of the
block (i; j) in a B-frame close to Xk+1.
For video-conferences, we can assume that certain
features, such as object motion and lighting, should
not change signi�cantly within a shot: so the ex-
traction of the dc coe�cients only from I-frames is
su�cient to guarantee a correct analysis, i.e. w(i; j)
in (2), (3) and (4) is always set equal to 1.
In a shot where object and camera motions are rel-
evant, it is more di�cult to detect variations in
the contents and this method is not accurate. We
can solve this problem by considering that image
manipulations or special e�ects often induce spe-
ci�c patterns in the �eld of motion vectors; so we
can try to recognize an event either from luminance

components or from a typical con�guration of mo-
tion vectors, by setting the weight w(i; j) to 1 if
the motion vector for the block (i; j) corresponds
to the pattern induced from the selected operation:
otherwise, the weight is set to 0.
The next sections show how common manipula-
tions as the subtitling and the "picture in picture"
can be detected by the combined application of dif-
ference projection vectors and global metrics.

2 Text extraction

In images of a subtitled sequence, the text usu-
ally slides in a �xed number of rows or of columns
(Figure 1): this event shows particular properties
which can be identi�ed by dc coe�cient and mo-
tion vector analysis. We assume for simplicity that

Figure 1: Sliding in rows (on the left); sliding in
columns (on the right).

text pixel values are much higher than background
pixel values: therefore, the dc coe�cients strongly
depend on the number of text pixels in each block.
For a given block, this number changes from frame
to frame because of the text sliding: so more sig-
ni�cant variations in the dc coe�cient values cor-
respond to blocks belonging to the region of the
text. This fact means that high values in a dif-
ference projection vector can indicate the presence
(and the position) of text in a sequence.
Subtitling involves also the motion vectors; in fact,
the constancy of the sliding velocity causes a spe-
ci�c motion con�guration characterized by a most
probable vector which coincides with the sliding ve-
locity.

2.1 Sliding in rows

Let Xk, k = 1; : : : ; N be the I-frames of a subtitled
sequence; let the text occupy the block rows l and
l + 1; in this situation, a typical Prow(Xk; Xk+1)
vector plot shows two adjacent peaks, located in
positions l and l + 1, which persist until the text



slides out of the image. Therefore, to automat-
ically detect the text, we should �nd a su�cient
number of consecutive Prow(Xk; Xk+1) vectors that
present adjacent peaks in constant position. A
value is marked as a peak in Prow(Xk; Xk+1) only
if it exceeds the threshold Throw(k) = �(k) +m �

�(k) where �(k) and �(k) are respectively the av-
erage and the standard deviation calculated for
Prow(Xk; Xk+1); m is an experimental parameter.
To locate the text exactly, it is possible to capture
its beginning/end in a I-frameXk by evaluating the
vector Pcol(Xk; Xk+1): the position of the �rst/last
value higher than the mean value in this vector cor-
responds to �rst/last letter.
If the text is su�ciently extended in a P or B frame,
we can expect that a dominant motion vector will
be present in the block rows l and l + 1: this vec-
tor will coincide with the sliding velocity, that is
needed either to recognize a subtitling or to track
and reconstruct the text.
Once the subtitling has been recognized, the text
region is decoded from consecutive I-frames, with a
frequency which depends on the sliding velocity, to
avoid information redundancy: all the extractions
are composed in a single image.
To exhibit the text, we perform a threshold op-
eration on the composed image; the threshold is
selected so as most of the background pixels will
be set to zero and the others to 255.The thresh-
old value can be easily determined by the observa-
tion of the luminance histogram. In fact, a typical
histogram for the composed image shows a peak
corresponding to the text pixel value: to obtain a
binary image, it is su�cient to assume as threshold
the minimum value before the peak. For high mo-
tion shots, the weight w(i; j) is set to 1 if the motion
vector (i; j) in the B-frame immediately subsequent
the I-frameXk+1 in (3) presents a null vertical com-
ponent and a horizontal component value included
in a suitable range; this second condition is based
on the consideration that the sliding velocity has
to be small to consent the reading.

2.2 Sliding in columns

It is possible to extend the previous considerations
to this case. If a text is sliding in the block columns
l; : : : ; l+ h, the derived Pcol(Xk; Xk+1) vector con-
tains high values in these positions: however, it
is necessary to add a new criterion to identify this
event, because variations in such large region of the

image could be confused with other object motions.
This kind of subtitling can be observed also on a
global di�erence diagram, that appears as a number
of consecutive medium-heighted pulses and can be
detected as a dissolve transition. For frames corre-
sponding to the pulses, the Pcol(Xk; Xk+1) vectors
are examined to detect values exceeding the thresh-
old Thcol(k) = �(k) where �(k) is the average cal-
culated on Pcol(Xk; Xk+1); if the same adjacent po-
sitions are found in at least m consecutive vectors,
a suspected subtitling is declared. This criterion is
needed to distinguish a subtitling from a dissolve
transition. Then we proceed as shown in section
3.1. For high motion shots, the weight w(i; j) is set
to 1 if the motion vector (i; j) in the B-frame imme-
diately subsequent the I-frame Xk+1 in (2) presents
a null horizontal component and a vertical compo-
nent included in a suitable range. To improve the
detection, we propose some treatments: a local me-
dian �lter (size 3) is applied on the di�erence d1 se-
quence to smooth the diagram and eliminate peaks
due to abrupt changes; in the projection vector, the
�lter contributes to stabilize the marked positions;
�nally, it is useful to extract, in addition to the sig-
nal text zone, some neighbouring blocks to avoid
information loss.

3 Picture in picture

A "picture in picture" can be achieved by insert-
ing images from a �rst sequence in images of a sec-
ond sequence: each sequence evolves independently
from the other. This event appears as a "local scene
change", i.e. the same e�ects of a scene change are
present in a �xed image submatrix. Our algorithm
detects suspected "picture in picture" cases on I,
P, B-frames separately.

3.1 Algorithm for I-frames

The �st step provides the detection of peaks in the
di�erence d1 diagram; w(i; j) is set to 1 if the block
(i; j) in the B-frame before the I-frame Xk+1 in
(4) is only forward predicted. In fact, if a "pic-
ture in picture" happens on a I-frame, the previous
B-frame would present a submatrix with most of
the motion vectors pointing forward. The diagram
peaks can be found as in parsing algorithms. How-
ever, a peak could correspond to a scene change:
to distinguish the two events, we evaluate the dif-
ference projection vectors with w(i; j) values esta-
bilished as shown before. Row and column projec-



tion vectors Prow and Pcol, in a case of "picture
in picture", are useful to detect an image subma-
trix, which contains the greatest variations. This
submatrix is indicated by elements that exceed the
average value in each of the two vectors.
Analogously, it is possible to detect a "picture in
picture" inserted in B or P-frames, as shown in [4].

4 Experimental results

The test sequence is a low motion shot called
"Akiyo" with image size of 352 � 288 pixels. We
impose as parameter values m = 2 and n = 3. At
the frame 100 of "Akiyo", a text begins to slide
with a velocity of four pixels per frame in the block
rows (33; 34). The frame 100 is a B-frame be-
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Figure 2: Example of Prow vector for images with
no text (on the left); example of Prow vector for
images with text (on the right).

tween the I-frames X9 and X10. Prow(Xk; Xk+1),
k = 9; : : : ; 24, contains elements exceeding the
threshold Throw(k) in positions (33; 34) (Figure 2).
The subtitling is declared: therefore, we decode the
region corresponding to the text in X11. To �nd
the sliding velocity, we observe motion vectors in
the region of the text in the B-frame after X12: all
the blocks use the forward prediction, the 64.29%
of the forward vectors has only the horizontal com-
ponent which coincides with the searched velocity.
Once known the velocity, we can determine the next
I-frame which will relevantly contain new informa-
tion: since the horizontal image size is 352 and the
sliding velocity is 4 pixels per frame, we will avoid
redundancy if we decode the text region inX17. For
the same reason, the last extraction is executed on
X23. The luminance histogram for the composed
image is shown in Figure 3: the peak in the his-
togram corresponds to the value 255, i.e. the text
pixel value. If we perform a threshold operation
with respect to the value 230, we obtain the result
in Figure 3: the text has been completely recon-

structed.
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Figure 3: Luminance histogram and the threshold
operation result.

5 Conclusions

The metrics de�ned in this paper can be ap-
plied to the identi�cation of a wide range of ef-
fects, such as the abrupt scene changes or appare-
ance/disappareance of a su�ciently large caption
in a frame, tracking an object regularly moving on
the background, etc. In addition, special e�ects
as zooming, panning, titling and camera motions
could be detected by evaluating the di�erences d1;
for each operation, the weight values have to be se-
lected in accordance with the speci�c pattern in-
duced in the �eld of motion vectors. The pro-
posed approach can improve video segmentation,
key-frames extraction and clustering processes.
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