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Abstract

This paper presents a method for detecting scene
changes in video sequences, in which the x* —test is
modified by imposing weights according to NTSC standard.
To automatically determine threshold values for scene
change detection, the proposed method utilizes the frame
differences that are obtained by the weighted x> —test. In the
first step, the mean and the standard deviation of the
difference values are calculated, and then, we subtract the
mean difference value from each difference value. In the
next step, the same process is performed on the remained
difference values, mean-subtracted frame differences, until
the stopping criterion is satisfied. Finally, the threshold
value for scene change detection is determined by the
proposed automatic threshold estimation algorithm. The
proposed method is tested on various video sources and, in
the experimental results, it is shown that the proposed
method is reliably estimates the thresholds and detects scene
changes.

Keywords: scene change detection, weighted x*—test, mean,
standard deviation, automated threshold estimation

1. Introduction

For the processing of a huge amount of video data, it is
necessary to development of fast and efficient technigues in
indexing, browsing and retrieval of videos [1] [2]. Video
segmentation is the first step to establish video database
systems and it is an essential basic work to segment video
sequence into shots where each shot represents a sequence
of frames having the same contents.

There are two kind of scene change, abrupt and gradual.
The abrupt scene change is the change of scene with cut of
camera and the gradual scene change is that of scene with
camera action for fade-in, -out, and dissolves [3][4][5]. It is
generally known that abrupt scene change detection is easier
than gradual one. For detecting scene changes, thresholds
have to be pre-assigned. This is the major problem of the
scene change detection, and it is difficult to specify the
correct threshold that determines the performance of scene
change detection.
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To segment a video sequence into scenes, a number of
scene change detection algorithms have been reported in the
literature [1, 3, 6-11]. In general, these algorithms can be
categorized into four parts: Pixel-based algorithms [3],
Histogram-based algorithms [6-7], Block-based algorithms
[8-9], Clustering-based algorithms [10-11].

Pixel-based algorithms compare the pixels of two
adjacent frames across the same location. Then, a scene
change is declared if inter-frame difference (the sum of
pixel by pixel differences across the same location) between
consecutive frames exceeds the pre-assigned threshold.

In histogram-based algorithms, the difference of the
intensity or color histogram is used as dissimilarity measure
between two frames. Histogram-based methods provide a
better tradeoff between accuracy and speed, and its
performance is good for the case of abrupt scene changes
such as cuts. The best performance is obtained by x*-test [7].

For block-based algorithms, local attributes are used to
measure the difference of two frames so that the effect of
noise or camera flash can be reduced. A scene change is
detected if the number of blocks that the differences of
corresponding blocks in two frames are greater than the pre-
assigned threshold exceeds a given lower bound. The pre-
assigned threshold is also the case with histogram-based
algorithms and block-based algorithms.

Clustering techniques are used to categorize all the
frames in a video sequence into several clusters (e.g. k-
clusters in K-means clustering algorithm), in which a cluster
represents a scene.

All scene change detection algorithms are based on pre-
assigned threshold. If the threshold is too low, many key
frames are extracted so that a video sequence is over-
segmented. On the contrary, for a high threshold, many key
frames may be missed, resulting in under-segmentation.
Above all, a threshold that is appropriate for the others and
it is not guaranteed that the threshold for one type of video
data will not yield acceptable results for other types of
inputs.

To solve the problem above mentioned, this paper
proposes a method to determine thresholds that is adaptive
for a variety of input video sequences. For robust scene
change detection, we slightly modify the x *-test by
imposing different weights on each channel of the RGB
color space. We refer this x’-test as the weighted x-test.
To determine thresholds automatically according to an input
video type, the proposed method utilizes the frame
;iifferences that are obtained by performing the weighted X
-test.
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This paper proposes a scene-change detection method
with three contributions: 1) extracting the difference values
with weighted x’-test; 2) automatic threshold-estimation
algorithm; and 3) higher detection rate (i.e., scene change
should not be missed). The outline of this paper is as
follows. In Section 2, we describe the weighted x’-test and
the automatic threshold-estimation algorithm. A description
of the proposed algorithm that was implemented is
presented in this section. Experimental results or our
evaluation are presented in section 3. Section 4 contains a
summary and conclusions.

2. The proposed Scene Change Detection method

2.1 The weighted 3’ —test

In this pager, we calculate the frame differences from
the weighted y"-test which combined the color histogram [1]
[2] with x*-test [6]. The weighted x*test can subdivide the
difference values of individual color channels by calculating
the color intensities according to NTSC standard. The
weighted x’-test formula (dwxz) is defined as
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, where N is the number of bins, and g (), # ), and
H ! (k)are the bin values of the histogram of /’th frame in red,

green, and blue color channels, respectively. a, B, and y are
constants and, according to NTSC standard, we set these
constants to 0.299, 0.587, and 0.114 , respectively.

1200
-~ weighted chi~test(KBS_news?2.avi) °
k-3
it
1000 o chi-test(KBS_news2.avi) ggf"’
-a— weighted chi-test(SBS_news2.avi)
ER
% -2 chi-test(SBS_news2.avi)
5 o
2w _
gy
Hd
20 3
0 ooy
155 175 180 185 190
difference values(= 204og(1+pow(d,2)) )

Figure 1. Comparison of the y2-test and the weighted y2-test
on an input video sequence

Figure 1 shows the frame differences on a test video
sequence, which are calculated by the y’-test and the
weighted y’-test. Each difference values were scaled by the
transform formula of image processing [12].

As shown in figure 1, the weighted y’-test has an
advantage than the y>-test [7] in that the possibility of
automatic threshold decision is high.

2.2 Automatic Threshold Estimation Algorithm using
the means and the standard-deviation values

The difference values obtained from the weighted y2-
test is the basic data to extract the representative frames
which was occurred during the scene change. Thus obtained
data can be used for the feature extraction and it can be used
for the detection of scene change. Pseudo code-1 shows the
procedural calculation course of the mean and the standard-
deviation from the extracted difference values to decide the
most proper threshold from video sequence.

Pseudo code 1. Automatic threshold decision algorithm

Step 1: Calculate the total difference values and 1_th
mean value from given video sequences

for( i=1; i<=n; i++){
// n = total number of frames

difference values X = {(X;, X2, Xz, Xn}7}
/* X is calculated using the weighted x’-test
from the consecutive frames (f;, f;)*/

1_th mean value m =y, x Z": x. ¢
i=1
1 th standard deviation value 6 =

Jl/an(x,—m)z 4
=1

Step 2: Calculate the t_th mean and standard deviation
value

for( i=1; i<= n; i++) {
if(x; > mtY)
X ={x}: // X ={x .x}and(i<p<n)
else x; is eliminated; }

t_th mean value mt = l/prxp;
F4

t th standard deviation value

7= kxS, —myt
P

if(d > o) goto Step 2;
else goto step 3;

Step 3: Decide the threshold value

/*automatic threshold value is decided*/

th = m'; //threshold representative value
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f,, = p ; //number of representative frames

/* confidence interval values are calculated
to measure the sensitivity of estimated
threshold */

/* & (%) confidence interval (X (95%) =
1.96)*/

t
val = axo'/\f, ;
/* calculation of max and min means based on

confidence interval using the m' s

// max_threshold confidence interval

thy,, =m+ val;

// min_threshold confidence interval

thyyy = m - val ;

// number of frames for the max and min mean
values
for(i=1; i<=n; i++) {

PE(X; > My ) o 47

PE(X > gy ) fom #+7 )

The mean and standard-deviation values extracted from
the difference values are the important data to decide the
automatic threshold. The mean is the essential data to decide
the threshold from the detected difference values and the
standard deviation is the reference data automatically decide
the best threshold from the calculated means. The automatic
decision of threshold value is based on the calculated means
and standard deviation values over an entire difference
values. The proposed automatic threshold-estimation
algorithm can decide more adequate threshold according to
the video sequence type.

600 remained number of frames

value

{ frequency

Figure 2. Distribution graph of mean, standard-deviation
and remained number of frames

Figure 2 shows a distribution of means and standard-
deviation values, and remained number of frames after the
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means exclusion according to the algorithm which is
sequentially calculated by the proposed Pseudo code 1. All
possible means and standard deviation vales are calculated
and the remaining numbers of frames are checked.

Figure 3 shows a normal distribution graph using the
calculated means and standard-deviation values which was
calculated in Figure 2.
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Figure 3. Normal distribution graph using the mean and
standard deviation values

It shows a more widely normal distribution graph in 4-
th means and standard-deviation values. This paper propose
the automatic threshold decision algorithm and the threshold
can be detected from the means and standard deviation
values which is sequentially calculated by the proposed
Pseudo codel. Thus the proper threshold could be selected
from the mean value if the corresponding standard deviation
has maximum value.

Figure 4 shows the distribution graph of remaining
number of frames after means exclusion.
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Figure 4. Distribution of remained number of frames after
the means exclusion

As shown in Figure 4, we can estimate the mean
values (m1~m4) as the threshold according to step 3 course
of the proposed algorithm, and 4-th means value is the
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proper threshold because the standard deviation value is

bigger than the previous values. So the estimated threshold
value (m4) can detect 18 numbers of representative frames
and it shows all possible abrupt scene change (12) are
detected and the rest frames (6) is a gradual scene changes.
If the mean is too low, many frames are extracted so that a
representative frames is over segmented. On the contrary,
for high means, many representative frames may be missed.
So the threshold selection is a difficult problem.

3. Experimental Results

We evaluate the performance of our proposed method

with DirectX 8.1 SDK, MS-Visual C++ 6.0 on Windows XP.

The proposed method has been tested on several video
sequences such as news videos that a lot of scene changes
occurs, as shown in table 1. Each video sequences has the
various types digitized in 320x240 resolution at 20
frames/sec.

" Table 1. Video sequences types used in the experiment

1 2

Adv_5 -

thoa{ th [t Jth o1 th
m-values| - |157.2] 160 |162.9)191.6|198.4
o-values| - 37.98 49.49

frames | 670 | 241 | 203 | 184 . .
(c) Distribution of mean and standard-deviation values from frame
differences

Figure 5. Example of the scene change detection using the
proposed algorithm in news video

Figure 5, Figure 6 shows an example of scene change
detection, in which frame differences are calculated by the
weighted y2-test and the extracted key frames are the
representative frames of scene change in video sequence.
Distribution of mean and standard deviation value is
calculated with the proposed automatic threshold decision
algorithm
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(a) Frame differences by the weighted ¢2-test

1 3] 24 30 8

(b) Extracted Key frames(representatlve frames)

video # of frames # of predefined scene changes (A)
Abrupt Gradual Total
M_newsl 397 S 0 5
K_news2 1857 17 0 16 ,
K2_news3 898 10 1 11 Adv.s | - ] W |
Y_news4 670 10 0 10 m-values { - |163.5{167.8]{172.2
S_newsS 1871 12 2 14 o-values | - 463
;dv_l 697 23 3 26 frames 435 | 171 [ 160 l142 il 4
Adv 2 720 4 1 3 (c) Distribution of mean and standard- dcvnatlon values from frame
= differences
Adv_3 652 6 2
Adv_4 682 7 2 9 Figure 6. Example of the scene change detection using the
Adv_S 592 9 4 13 proposed algorithm in entertainment video

The performances of automatic scene change detection
algorithms are usually expressed in terms of recall and
precision. The recall parameter defined the percentage of
true detection with respect to the overall events (scene
changes) in the video sequences. Similarly, the precision is
the percentage of correct detection with respect to the
overall declared event. The recall and precision are defined
as

Recall = — e x100% »and
NL‘ m
. . N, Ea. 2
Precision = ——— x100% q.2)
+
¢ 7

, where N number of correct detection; N,,: number of
miss; N number of false detection; N, + N,,: number of the
existing events; N, + N; number of overall declaration.

Table 2 show the automatic decided thresholds and
detected number of frames according to the automatic
threshold decision algorithm. The means of confidence
interval (95%) has the maximum value thy,,, (= 95%(+)) and
minimum value th,,;, (=95%(-)).
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Table 2. Automatic decided threshold and detected number

of frames
Automatic decided Detected number of
video threshold frames(B)
thpax th thumin thpas th thuyin

M_newsl | 203.73 | 228.19 | 252.64 14 12 7
K _news2 | 259.88 | 277.41 | 294.94 20 18 18
K2 news3 | 271.54 | 302.04 | 332.54 11 10 10
Y _newsd | 24731 [ 261.07 | 274.84 27 16 11
S newsS | 233.07 ] 254.03 | 274.99 19 18 14

Adv_1 281.35 ] 290.82 | 300.29 45 38 34

Adv 2 180.65 | 196.19 | 211.73 19 10 10

Adv_3 216.16 | 232.14 | 248.12 27 16 11

Adv 4 24534 | 260.33 | 275.33 15 13 10

Adv_5 250.51 | 259.42 | 268.34 38 33 29

Means of confidence interval are calculated to measure
the sensitivity of decided thresholds. The difference of
detected number of frames between mean of decided
threshold and mean of confidence interval value (thp,,,
thyin) Will be adequate when it has small value.

Table 3 shows the correctness and detection rate of
detected frames with the scope of threshold. We show the
statistics of our experimental results in Table 3.

Table3. Distribution of the detected rate, recall and
precision

Detected rate
((B/A)* 100)
thyax | th thyin | thoax | th | thyy | thu | th thamin
M _newsl ( 280 ;240 | 140 { 100 { 100} 100 | 61 63 78
K news2 [ 118 | 106 | 106 | 100 | 100 | 100 | 87 95 | 95
K2 news3| 100 | 90 | 90 92 91 91 92 1100} 100
Y _ newsd | 270 ) 160 | 110 ) 100 | 100 | 100 | 61 73} 92
S newsS | 136 | 129 | 100 | 100 | 100 | 93 79 86 | 100
Adv_1 173 | 146 | 131 [ 100 [ 100 | 100 | 70 76 | 81
Adv 2 | 380 | 2007 200 | 100 | 100 | 100 | 58 67 | 67
Adv_3 | 338 [200| 138 | 100 [ 100 ]| 100 | 59 | 67 | 79
Adv 4 167 | 144 | 111 | 100 [ 100 | 91 71 76 | 91
Adv 5 | 292 | 254 (223 | 100 | 100 | 100 | 66 62 | 64

Recall(%) Precision(%)

video

For the proposed scene-change detection algorithm, the
reported recall is about 99.1% and the detected rate is about
166.9%. Most of the scene changes are detected. The missed
scene changes are very ambiguous due to the slow camera
movement.

The purpose of proposed algorithm is not to detect the
correct scene change frames but is to detect the all possible
scene change frames from video sequence. Experimental
result shows the ‘proposed algorithm is effective and can be
adapted to video indexing system.

4. Conclusion

International Journal of Kais. Special Edition December 2005

This paper has been proposed a method for scene
change detection using the weighted x’-test and the
automatic threshold decision algorithm. In experimental
results, we showed that the proposed algorithm effectively
calculated the frame differences and extracted scene
changes with adaptive thresholds to each input video. The
proposed x’- test showed the better performance than the x*-
test. In addition, we showed that the frame differences by
the proposed method are applicable for determining a
threshold value that is appropriate to a given input video.

This paper focused on abrupt scene changes, so, if
video sequences have gradual changes, flashlights, or
lightening effects, the automatically decided thresholds will
not be appropriate to detect scene changes correctly. Thus,
we are considering the condensation of the frame
differences for the further research.
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