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ABSTRACT

Due to the diversity of different wipe effects, wipe
transition is considered complex and difficult to detect. This
paper identifies two common characteristics of different
wipes, which can be described by two principles —
independence and completeness. By exploiting the two
principles, we developed an effective wipe detector. Since
no pre-determined values would be appropriate for different
videos, we propose using a dynamic method to generate
adaptive thresholds for wipe detection. The experimental
results show that the proposed detection method can
identify various wipe effects with good accuracy; overall, it
outperformed other published methods.

1. INTRODUCTION

High-level video processing techniques require accurate
video segmentation, which temporally segments a video
sequence into adjacent shots. Meanwhile, transition types
between the two consecutive shots need to be detected. The
transitions between any two consecutive shots can be
grouped into two types, namely, abrupt change, and gradual
transitions (dissolve, wipe, fade, etc.). Wipe transition is an
important type of gradual transition, which is extensively
used in video programs. About 24 different wipe effects are
commonly used in video editing. Compared to dissolve
transitions, wipes are more difficult to detect and less
discussed in previous work, possibly due to the wide variety
of wipe effects. Fig.1 illustrates a wipe effect example.
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Fig.1. A band wipe effect example

A number of researches have been done on wipe
detection. Some work [1][5] developed wipe detectors
based on the statistical model of the wipe frames. Yet their
method has a high false alarm rate. Wu et al. [10] proposed
a wipe detection method based on the standard deviation of
projected pixel-wise difference. It can only detect a limited
number of wipe effects. More recent approaches [3][8]
detect wipe effects by investigating the orientation of
boundary lines in the spatial temporal image. They can only
detect the wipe effects that produce slanted line in spatial
temporal images. Pei and Chou [9] proposed to detect wipes

1-4244-0367-7/06/$20.00 ©2006 IEEE

1805

on MPEG stream by accumulating macro blocks with
content changes. Yet, the motion vectors produced by
MPEG encoders may not reflect the true mapping relation
between two blocks, not to mention that some MPEG
streams do not contain motion vectors at all. Other
approaches [2][4] use the center and variance of the change
regions to characterize the pattern of wipe effect. Obviously,
this method can only characterize a few types of simple
wipe effects.

In this paper, we propose to develop a general detector
that can detect various wipe effects. We first identify the
common characteristics shared by different types of wipes.
A wipe detector is then developed to exploit the satisfaction
of the two principles in a candidate wipe sequence.

The rest of the paper is organized as follows. Section 2
introduces the common characteristics of different types of
wipes. Section 3 proposes a new wipe detection method.
Experiment results and analysis are presented in section 4.
Section 5 concludes the paper.

2. WIPE CHARACTERIZATION

During a wipe transition, the end frame gradually shows up
and wipes out the start frame. A part of the start frame will
be replaced by the corresponding part of the end frame
when the current frame proceeds to the next one along the
wipe sequence. The changing part between two consecutive
frames refers to the part being replaced. It can be obtained
by comparing the two consecutive frames in the transition
sequence. Suppose the wipe transition spread between
frame 1 and frame N. Let the changing part (i.e., the
collection of pixels whose color values are changed)
between frame t and frame t+1 be denoted
by &, (1<t< N —1). The start frame belongs to the source
shot (S) and the end frame belongs to the destination shot
(Sy). Then we can model an ideal wipe sequence (i.c.,
during an ideal wipe transition, the two shots are assumed to
be motionless) as:
S(x, 1) = {Sz(x,J/) V(x,y)‘e §IUSHULUG 1<1<N-1 1))
S)(x,y) otherwise

S(x,y,?) is the value of pixel (x, ) at frame z. N is the total
number of frames in the wipe transition. &, is defined as:

S =[Sy, # Syt 13 (2)
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In an ideal wipe sequence, two important observations
can be made:
1) Any two elements §; and &; from &={&, [7=1..N -1}

(see Eq. 2) should not overlap with each other (i.e., &;and
& ; are mutually exclusive). This characteristic is referred to

as the independence of the elements in the set& .
2) The union of all the elements in the set of £ should cover

the entire frame. This characteristic is referred to as the
completeness of the elements in the set of & .

Statement 1 indicates that in an ideal wipe transition, any
pixel will only change once its color value during the wipe
transition. Statement 2 means that all the pixels will have
their color values changed after the completion of the wipe
transition. When both the completeness and independence
property of the set £ are met for a video sequence, a wipe
transition can be declared.

Note that the principle of completeness is valid based on
the assumption that S)(x,y) and S(x,y) are uncorrelated,
based on the observation that in a practical video application,
the two involved shots usually display distinct color layouts.

The principle of independence is valid based on the
assumption that both Sj(x,y) and S,(x,y) have no motions.
We noticed that during a wipe transition, the two involved
shots are seldom associated with fast motions, since
otherwise it will be quite difficult for the audience to tell the
wipe effect clearly. Therefore we could apply block-based
techniques to calculate £ to partially overcome the noise of

minor motions. Adaptive thresholds can further be applied
to improve & ’s robustness. Details will be shown in section
3.

Fig. 2 gives an example of the changing parts during a
wipe. The color/gray parts correspond to the collections of
pixels that have/have no value change between any two
consecutive frames respectively. Clearly, the changing parts
(color parts) in Fig. 2 satisfy the two principles.
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Fig.2. (a) A sample wipe sequence; (b) The changing parts
between consecutive frames
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3. WIPE DETECTION PROPOSAL

In this section, we propose a wipe detection method using
the two principles we have found in the previous section.
Intuitively, the changing part £ can be calculated based
on pixel-wise comparison of two consecutive frames (see
Eq.2). Since minor motions are allowed in real video
applications, we calculate & based on Dblock-wise

comparison. DC coefficient of the block is used as the
feature here since it can be readily obtained from an MPEG
stream [6].

Each pixel in a DC frame is the DC coefficient of the 8 X
8 block in the original uncompressed image frame. The
changing part between DC frames ¢ and #1 is noted

asé‘;(l <t<SN-1):
& =A@ [Sac oyt =Sa oyt +D[ 26 [} (3)
Where ||'|| indicates the absolute value; S,.(x,y,i) denotes the

color value of pixel (x,y) at the #th DC frame. The
threshold J, indicates the minimum change a pixel should

have in order to be considered as a “changing pixel”; J; is

determined adaptively, to improve 5; ’s motions robustness:

5 = \/(ZZ[Sdc<x,y,t)—Sdc(x,y,z+1>]2)/(NxNy) @
x oy

N,,Nare the size of the DC frame.

A map I" is then built to check the independence and
completeness of the set of &' = {5; |t =1,...N —1} . The size
of I'is the same as the size of the DC frame in the video
sequence. I" will be updated from its initial value I, to
I'y_ using the elements from the set & . The value of each
position (x,y) in I is zero; and I, can be updated fromT,_, as:
Foi(xy)+1 (an’)esgtI 1<t<N-1 5)
Ioi(x )
Clearly, I'y_;(x, ) indicates that the position (x,y) have

otherwise

I (x,y)= {
changed its color value I'y_;(x,y) times during the wipe
transition. It satisfies the relation: 0 <T'y_ (x,y) < N —1.

For an ideal wipe effect, I'y_;(x, y) should be equal to 1
for each position (x,y). If I'y_, (x,y)>1, the independence

requirement would be violated; if I'y_;(x,y) =0, the

completeness requirement would be violated. We can then
count the amount of violations in the map I'y,_; . If the
amount of violations is smaller than some threshold, a wipe
effect can be declared.

To measure the amount of violations inT"y_;, we define
respectively two cost functions F; and F, for violating the
principles of independence and completeness as:

E@y)= ﬁZ(X‘Y)“—NfI(XJ)M Ly (x,9) (©)
1
sz,y\r,wu,y):op © (7)

Eq. 6 and Eq.7 calculate penalty p for each position and
then use their mean value as the cost function value. The
penalty function p is defined as:

L Iy (x,y)=0
Py (x,3)) =40, Fya(xy)=1
exp(Ty(x,y)-1), Ty, (xy)=23,.,N-1 8)

F2(FN—1) =
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In the case of independence violation, the penalty should
be bigger when I'y_; (x, y) is bigger, since there will be more

violations of the independence principle. In
implementation, the penalty grows exponentially.

In order to detect various/generic types types of wipes,
we propose a wipe detection algorithm that consists of three
steps: 1) Extracting candidate wipe sequences; 2) Wipe
detection within a given candidate video sequence; 3)
Merging wipe sequences with small gaps. We describe the
detail of these steps in the following.

A) Extracting candidate wipe sequences

Assuming that the cut boundaries are already found using
the method reported in [7], we could use the histogram-
based inter-frame differences, which are already known
from the work [7], to prune the frames that are either still or
have slow changes. The frames that have inter-frame
differences bigger than &, for a sustained period (say, 10~24

our

frames) are regarded as candidate sequences. O, is set
adaptively:

Sy=pu+B-c; 0,20 )
4 and o are respectively the mean and standard deviation of
the inter-frame differences between a given pair of cuts. S
controls the “tightness” of J, .

B) Wipe detection within a given candidate video sequence
Within every candidate frame sequence, we detect wipes
using the algorithm below. L is the total number of frames
in the candidate sequence; C start is the first frame number
of the candidate sequence; P start is the potential start
frame number of a wipe; C(j-1,)) refers to the collection of
changing blocks between frame j-1 and frame j; J;is the

stop criteria. The detection algorithm is depicted as follows:

Algorithm 1: Wipe detection within a candidate video sequence

1 P _start €< C_start, j <€ C_start, Initialize the map to I,

2 whilej <L+ C start-1

3 j € j+1; Compare frames j and j+1 to get C(j, j+1)

4 Update: Fj < ijl +C(j,j+1) //for every block in C(j,j+1),

the value of its corresponding position in I" will increase by 1

5 if Fi (I > 03 //The updating process is stopped when the
independence principle is violated at frame j

6 if F,(T';_;)< &, and j— P_start > 12 //check if the
completeness is met, and if the sequence is long enough

7 Declare a wipe, starting from P_start, ending at j-1
8 P start €; T ;€ Iy

9 else Start wipe detection again from P_start +1

10 end if; end if; end while
1Pl )> O3and Fy( I < 04 and j-P_start>12 //in
case that the principle of independence is never violated
12 Declare a wipe, starting from P_start, ending atj. end if

In the algorithm, I' is updated along the sequence until
Fi(T';) exceeds the threshold &5. If Fo(T';_ ) is smaller than

a predefined threshold 8, the frames between P_start and

j-1 satisfy both the principles of independence and
completeness, therefore forming a potential wipe sequence.
If those frames are long enough (i.e., longer than 12 frames),
it’s then declared as a real wipe.
C) Merging wipe sequences with small gaps

After detecting wipes from all candidate sequences, we
merge those wipe sequences with small gaps into a new one,
since the small gaps(less than 3 frames) are more likely to
be missed wipe frames.

4. EXPERIMENTS

We test the proposal on a number of video sequences. 24
edited MPEG-1 video sequences with 24 different wipe
effects are included in our test data. 11 real MPEG-1
sequences, including 1 documentary, 4 movies, 6 ads, with
overall 42 wipe effects inside, are also used as our test data.

Before applying the proposed wipe detection method to
the video sequences, a set of thresholds/parameters (5, , 5,

03,0, ) should first be determined. They can be left to

system user to adjust the trade-off between miss detection
and false alarm rate and are experimented here.
We first adopt a threshold set { =0, 05 =exp(l)/2,

0, =0.25} and the experiment results on the edited MPEG-

1 video clips show that there are 0 miss and 2 false alarms.
The 2 false alarms come from fast object motions within the
frame and could be possibly removed by decreasing the
threshold J; .Intuitively, tuning the thresholds could cause

trade off between false alarm and miss detection.
Experiments have been performed to investigate the impact
of the thresholds/ parameters on detection performance. The
results are shown in Table 1-3.

Table 1. Experiment results using different values of

P (653 =exp(l)/2,0, =0.25)
g Detected

misses false alarms
0 24/24 0 2
0.2 24/24 0 0
0.5 20/24 4 0
1 19/24 5 0

Table 2. Experiment results for using different values of
63(f=02,6,=025)

03 Detected misses false alarms
exp(1)/4 16/24 8 0
exp(1)/3 21/24 3 0
exp(1)/2 24/24 0 0

exp(l) 24/24 0 4

As the experiment results in Table 1, 2 and 3 suggest,
we can choose the values for the thresholds according to the
system user’s tolerance for false alarm and miss detection
rate.

Using the set ( f=0.2, 5; =exp(1)/2, , =0.25), we
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compare the proposed method with other methods,
including statistical method proposed in [1] (quoted as SM),
the trajectory method proposed in [2] (quoted as TM), and
the motion vector based method in [9] (quoted as MVM).
We tuned the respective parameters of those methods so that
the three methods achieve their optimal average
performances in the 24 edited MPEG 1 sequences. The
comparison results are listed in Tables 4 and 5 respectively.
Table 3. Experiment results for using different values of

04(B=02,8=exp(l)/2)

Oy Detected misses false alarms
0.1 21/24 3 0
0.2 23/24 1 0
0.25 24/24 0 0
0.5 24/24 0 7
Table 4. Comparison on 24 edited wipe sequences
Methods Detected Misses False alarms
Our method 24/24 0 0
SM 19/24 5 11
™ 4/24 20 4
MVM 22/24 2 3
Table 5. Comparison on 11 real video sequences
Methods detected misses false alarms
Our proposal 39/42 3 5
SM 36/42 6 54
™ 14/42 28 3
MVM 35/42 7 19

For the edited sequences with little noise, Table 7
indicates that our proposed method can detect all wipe
effects effectively. Note that the dissolves and
camera/object motions present in the edited video sequences
were not detected as wipes by our method. On the contrary,
SM raised a large number of false alarms, which could have
been caused by the intensive object/camera motions in the
videos. MVM also produced a high rate of false alarms. TM
produced the worst performance in terms of the number of
misses, possibly because it could detect only several types
of wipe effects. Note that MVM only checks for the
principle of completeness, which accounts partially for its
weak performance, since fast motions and other effects
could also gradually change the contents of many blocks in
the video frame, leading to false alarms. The non-precise
motion vectors in the compressed domain could also cause
weak performance.

The results for the real video sequences are as presented
in Table 5. Among the 42 wipe transitions, our method
detected 39 of them and had 5 false alarms. It also managed
to reduce the false alarms generally caused by other types of
gradual transitions and camera/object motions. Through a
close examination of the 2 missed wipes, we note that there
are very fast object/camera motions in the two involved
shots. In the case of fast motions, our proposed method can
detect a great number of changing regions between every
two consecutive frames; so the principle of independence
could be violated quickly during the detection process.

5. CONCLUSION

This paper proposes an effective method, which exploits
two common properties of wipe effects, for detecting
different types of wipe transitions — independence and
completeness. Though the properties of wipes in a real
video sequence may deviate from those of an ideal wipe, in
practice, with the introduction of a penalty function, we can
also apply the two principles to check satisfactorily for
wipes in real videos. The experiment results show that the
method can detect different wipe effects effectively.

The proposed method uses the block-based feature DC
image to improve its robustness to small motions in the
video sequence. Of course, besides DC image, other video
frame features could also be used in our proposed wipe
transition detection method. In our future work, we would
search for more effective features which could be more
robust to fast object motions.
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