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Efficient MPEG Compressed Video Analysis
Using Macroblock Type Information

So00-Chang PeiSenior Member, IEEEand Yu-Zuong Chou

Abstract—Efficient indexing methods are required to handle compressed video data instead of raw video. Generally, a
the rapldly increasing amount of visual information within video scene Change, or scene CUt, is defined as an image content
databases. Video analysis that partitions the video into clips or q\iich hetween two consecutive frames with different scenes.
extracts interesting frames is an important preprocessing step Because of the change of video content, two consecutive
for video indexing. In this paper, we develop a novel method - 9 A o )
for video analysis using the macroblock (MB) type information frames in different shots show significant differences in many
of MPEG compressed video bitstreams. This method exploits characteristic features. Tonomwetal. [1] proposed a method
the comparison operations performed in the motion estimation g exploit the histogram difference of consecutive frames to
procedure, which results in specific characteristics of the MB type detect scene changes. Armanal. [2] developed a content-
infor_mation When_scene changes occur or some special_effects areb d video b T h ) d col tent |
applied. Only a simple analysis on MB types of frames is needed P8S€0 VIOEO DroOWSer using shape and color content analyzes.
to achieve very fast scene change, gradual transition, flashlight, In his paper, spatial moments and color histogram features are
and caption detection. The advantages of this novel approach extracted for shape and color information. The previous two
gggﬁ?ggg a\r/gyhilg(;)xv S‘é?{;g{/eig,'ty analysis, frame-based detection computation load of decompressing, since video data is usually

' o _ ~ stored in the compressed domain. Therefore, some methods

'(;‘dex t.Ter"éSt_Ct?mpressed (quomaln V('jdeo_ac?a'}’s'sl flashlight focus on processing directly on conventional compressed data

and caption detection, scene change, video Indexing. standards, such as H.261, MPEG, etc. Most of these methods
utilize the correlation of DCT coefficients between frames
|. INTRODUCTION based on the idea that similar spatial content mathematically

N THE MODERN world, the amount of visual information€sults in similar DCT coefficients. Armast al [3] have
is growing larger and wider just like the number of cabl@roposed a method to partition motion JPEG yideo sequences
TV channels we can choose from nowadays. Amidst this hugBd experimental results show that the relation of DCT co-
amount of visual information, searching for the video sectiofd/iCients can be used to detect scene changes. Concerning
in which we are interested is a very difficult task. Traditionally\PEG compressed video data, Nakajima [4] has developed
all we can do is fast-forward the video and keep our eyes on fefast scene change detection approach by calculating the
screen for this purpose. This is very time-consuming and lab&Rrrelation of DCT coefficients of | frames. In Nakajima's
intensive. Therefore, an efficient video browsing and retrievBPer., he introduced the idea of spatial-temporal scaling used
system is required to improve the viewing experience. @ improve the detection speed and lower the computation
fundamental and important processing step to accomplish tf}gd. However, camera motion would affect the detection
objective involves analyzing the video sequence and parsifgults and only one scene change can be detected if there
the video into a set of clips. The most straightforward vided/® More than two scene changes existing in one group of
indexing technique entails segmenting the video into tempofRiftures (GOP). Besides Nakajima's approach, Armearml.
shots, each of which represents a continuous sequencel®fhave also proposed a new method to speed up scene
actions. Recently, detecting the boundaries of shots that §R@nge detection. This new method takes the relationship
so-called scene changes has become an important topic Baiveen video data in spatial and frequency domains into
has attracted a lot of research. consideration and it reduces the number of processed blocks
Up to now, many approaches have been developed Ry excluding the blocks with less representation. For example,
detect scene changes in video sequences [1]-[8]. In ordflegan only process the scene change detection on the blocks
to lower the computation cost, more recent research f¢ith significant high and medium frequency components that
cuses on performing the scene change detection directly f@Rresent edges in the spatial domain. Although these fast
algorithms have been proposed, camera motion problems such
Manuscript received December 15, 1998; revised October 5, 1999. T@§ panning and zooming are still not solved. Panning and
s e o b e oy sre o 0, taoming can totally hange he spatlcontnt of each block
review of this manuscript and apprbving it for publication was Dr. Tho?na@ﬁd’ of course, the DCT coefficients. Consequently, camera
R. Gardos. motions would disturb the scene change detection because they
The authors are with the Department of Electrical Engineering.bause a lot of false alarms. Zhaeg al. [6] have developed
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Their approach can efficiently distinguish real scene changes
from those caused by camera motion.

Besides camera motion, there is another factor that ca
affect scene change detection accuracy. When some effeq
such as dissolve, fade-in, fade-out are applied to the vide
sequence, the boundaries of a shot do not lie sharply between
two consecutive frames. It becomes a gradual transition of
change from one scene to another. In this case, to be awarerig. 1. |lllustration of GOP structure used in the proposed method.
of this transition and to find the starting and ending points of

|
a Sa

SGOP H SGOP, H SGOP, H SGOP, H SGOP,, ’

a shot, more complicated analysis is usually needed. Zbang
al. [7] have proposed a multipass, twin-comparison approach |
to solve this problem. Their method performs a first pass to 5

locate potential boundaries due to both abrupt scene changes Sa ‘ S

and gradual transitions, then a second pass to differentiate

these two types apart. Xt/ B B Pl
Besides scene changes, some other special events such as W

Flashlight and Caption may interest viewers and be applied Fe 7 Compensation

to video browsing as key frames. Flashlights in scenes may (a)

represent the happening of highlight events or appearances
of very important persons. Captions in video sequences like /‘

news or sports programs can provide important information ;

‘ |
on the underlying stories. Both of these can provide viewers | sa Sa
the important key frame for browsing. Yeet al [8], [13] {/
proposed a method using reduced DC images constructed from ey —7 e

compressed MPEG video to detect the frames with flashlights

and captions. Very good performance is achieved in their

paper. ()
In this paper, we propose a novel method to exploit the

comparison process in the MPEG motion estimation step that

is revealed in the macroblock (MB) type information. As an

abrupt scene change occurs, we observe a specific statistical Sa |

feature of MB types of B frames due to the different contents of

the referencing frames. For gradual scene change detection, the Pl

dominant interpolation MB’s resulting from the interpolation

characteristic of dissolve effect help us to distinguish gradual

scene changes from fast panning sequences. Similarly, a frame

containing flashlights is different from others and also affects ©

the MB type information. A significant number of intra-codedig- 2. Patterns of MB types in SGOP's with abrupt scene changes. (a)

MB’s coming from the bright background of the flashlight caﬁgrennee(g%a:gf ét) ';nggihgnggzrtnfeggi?a'ré? (SE?BE)IChange at front B

indicate the occurrence of the flashlight. Caption embedding

would make a specific region become a scene change region. )

Abrupt scene change detection focusing on specific fix@f€ represented bGOR, SGOR and SGOR, respectively.

marked region can perform as caption detection. Comparte frames ofSGOR are denoted a’; BB, P, (front P,

with other proposed methods, the extraction of MB typlont B, rear B and rear P). The structure of SGOP's in

information from compressed video data is much easier th@nGOP is illustrated in Fig. 1. It is noted that the MPEG

the conventional approaches using DCT coefficients or moti§RCCdiNg process is not defined, so different encoders may

vectors. It can be obtained directly from bit streams of videdfiopt different GOP structures. In this paper, the proposed

sequences after only variable length decoding. Moreover, tRgthod is developed and tested based on the specific GOP

frame-based detection accuracy of this algorithm is anothfucture illustrated in Fig. 1 and the modifications of the

important advantage. In other words, our detection method ddiPPosed method corresponding to different GOP structures

precisely indicate which frame the scene change occurs. L85 discussed in Section IV-B.

but not least, simple analysis of low computation complexity )

on MB type information can achieve efficient scene chang®; Pattern of MB Types of SGOP's with Abrupt Scene Changes

flashlight and caption detection. In this paper, a scene change, or scene cut, is defined as an

image content switch between two consecutive frames with

different scenes. We classify abrupt scene changes into three
We define three subgroups of pictures (SGOP) as three dgf®es: Scene change at a P frame or an | frame (SCPI); Scene

of four frames (PBBP, PBBI and IBBP) in a GOP, whickchange at front B frame (SCFB); Scene change at rear B frame
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the case of SCPI. e L( L L

N AV
(SCRB) in a SGOP (PBBP, PBBI, IBBP). This classification :

covers all frames at which an abrupt scene change might occur,
because the first frame in the SGOP is also the last frame

Graduat Scene Change sequence

in previous SGOP. Therefore, only the last three frames in ()

the SGOP are ConSidered for Video anaIySiS' EaCh type gignificant Intra modes significant Intra modes significant Intra modes
abrupt scene changes results in a specific pattern of MB type """‘\ T \
information. In the case of SCPI, most MB's in the two B~ —1 —1 — o = 1]

|
|

w

71 sl
frames(By, B,.) areforward motion compensated(£’ mod§ i;» 8| BJ P Iy i,,p
because they are much more similaitpthan toP. in which < L— | -
a scene chaynge occurs. In addition,Pa significant number of ’W %g/p/g\/
MB’s in P, areIntra-coded (I modg due to the change of .

the video content. Similarly, if the scene change occurs at an |
frame (inSGOR), most MB’s in By and B,. will be inclined

to be F mode. In the case of SCFB, there are also many | mode ©

MB’s existing in P. (SGOR, SGOR), but the properties of Fig. 4. Patterns of MB types with gradual scene changes. (a) Starting frame

; At P or | frame and ending frame at P or | frame (SFPI and EFPI). (b) Starting
MB types of B frames are different from that of SCPI. Owin ame at rear B frame and ending frame at front B frame (SFRB and EFFB).

to the scene change &, and the great difference betweenc) starting Frame at front B frame and ending frame at rear B frame (SFFB
the content of”; and the following two B frames, most of theand EFRB).

MB'’s in By and B,. will be inclined to beBackward motion

compensated(’ mod_e). It is the same case_n‘ there is an ltramsition sequence, whose lengthnig- 1, can be represented
frame SGOR) following the two B frames instead of a Pas follows:

frame. In the last case, namely, SCRB, most MB'$Hip will

A

Gradual Scene Change sequence

be F mode predicted t&;, and most MB’s inB,. will be B S, =25, + 2" %5, 0<z<n. 1)
mode predicted ta’,.. Fig. 2 shows the patterns of MB type n n
information in the cases of SCPI, SCFB and SCRB. If Sy = 0, this special case of dissolve effect is also

these concepts to detect the scene change of a MB insteagjigéolve is demonstrated in Fig. 9(a). From (1), the luminance

detecting the scene change of an entire frame. We define §1&3 frames inSGOR operated by the dissolve effect can be
MB in a specific position (x,y) of each frame of a SGOP t@pproximately written as

form a MB group (MBGxy). If the pattern of the MB types in
a MBGxy follows the apove pattern of SCI_DI, SCFB or SCRB, By~ Epf + EPT, B, ~ le + ZPT. )
we can say that there is a changing MB in the position (x,y) 3 3 3 3

laying at Py, By or B, (illustrated in Fig. 3). This idea of  \hen bidirectional motion compensation is appliedBg
scale-down can help us to detect abrupt scene change and{g B, three probably used compensation modes (F, B, FB)
set up the threshold more easily. Besides, it can also be appligd taken into consideration and the compensated frames of
to the specific area of a frame instead of the entire frame f@{age mode$Fy, Fis, Frp) can be written as follows:

other detection purposes.

1 1
Fpr=P;, Fg=P. Fpg=-P;+-P. 3
B. Pattern of MB Types in SGOP’s with F ! B BTt T ®)
Gradual Scene Changes Generally, the decision of MB type of B frames is based
The most common form of gradual scene change is dissoleom the variance of the compensated error. The variances for
A dissolve operation applied from scefg to sceneS,, in the three compensation modes 8f; and B, are calculated and
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significant Intra modes
T

(c)
signhicrap»tjpl{na modes . i . . .
/,/ g Fig. 6. Patterns of MB types in SGOP’s with flashlights. (a) FLFB: flashlight
- g lies at B¢. (b) FLRB: flashlight lies a3,.. (c) FLPI: flashlight lies at P or I.

From (4), it is found that the variance of FB compensated
error is smaller than that of F or B compensated error. Con-
sequently, B frames in dissolve video sequence are inclined
to be interpolative (FB mode) motion compensated and MB’s
of FB mode will dominate among all MB'’s in B frames. It

significantF  significant B

Fig. 5. Patterns of MB types with fast panning sequences. (a) Starting frapengticeable that (3) is established under the assumption that

at P or | frame and ending frame at P or | frame (SFPI and EFPI). (b) Starti
frame at rear B frame and ending frame at front B frame (SFRB and EFF

lere are no moving actions involved in the dissolve video

(c) Starting frame at front B frame and ending frame at rear B frame (SFRquence. However, if there are some moving objects existing

and EFRB).

formulated as follows:

ErrF(Bf) = (Bf —FF)2 = <

1 2
§(Pf - B)

Ermp(By) = (By — Fp)* = <

EI’I’FB(Bf) = (Bf _FFB)2 = <

4 2
§(Pf - b))

1
—(P;— P.)?
36(f )

4
—(P; — P.)?
9(f )

2
1
- ZP.
- 57)

2 2
3 f

EI’I’F(B,,) = (B,, — FF)2 = <§

in the dissolve video sequence, the inclination toward FB
motion compensation is still valid since their influences are
local.

Moreover, in the case of a gradual scene change, the
main aim is to detect the starting and ending frames of the
gradual transition, so we need to discuss the pattern of MB
types in SGOP’s including starting frames and ending frames
respectively. There are three cases for the location of the
starting frames defined as SFPI (starting frame lieg,abr |
frame), SFFB (starting frame lies &t;) and SFRB (starting
frame lies atB,.); and similar EFPI, EFFB and EFRB for the
ending frames. In the case of SFPI, a significant number of
MB’s in P, are | mode because the change of content. In
addition, MB'’s in B; and B, in the SGOP containing the
starting frame are inclined to be F mode because the dissolve
effect has madd’,. overall slightly different. In other words,
the pattern of MB types of SFPI is very similar to the pattern
of SCPI. However, it is noted that the inclination8f and 5,
in SFPI toward F mode is weaker than that in SCPI because
some characteristics are very similar after slight change of
the dissolve effect. In the case of SFFB, most MB'’s in both
B frames are FB mode since the frames of this SGOP form
a Complete Dissolve SGOQPhat is, the relation among four
frames follows (1). In the case of SFRB, the MB’s Bf; are
inclined to be F mode becaugg; is not affected by dissolve
effect and those of3,. are inclined to be FB mode because
B, approximates the average 8§ and P, according to (1).

It is still valid that a significant number of MB’s oF. in a
(4) dissolve video sequence are | mode in both SFFB and SFRB.
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Fig. 7. (a) Locations of changing MB’s in the test sequence (Frame 1 to 100), where each white dot represents a changing/Nt®aed the scene
change frame. (b) Experimental results of abrupt scene change deté€lign = 280).

This feature is useful to indicate the potential SGOP’s probally note that under the situation 8 GOR instead ofSGOR
containing gradual scene changes. or SGOR, there is no clue for indicating the potential SGOP.
The patterns of the MB types of the SGOP including endintherefore, aSGOR is considered a potential SGOP if the
frames are similar and symmetric to that including startingdjacent SGOP is detected as a potential SGOP in order to
frames and both of them are shown in Fig. 4. Certainly, thepeevent miss detection.
three transitions shown in Fig. 4 do not include all possibilities A great advantage of using MB type information to detect
that could happen. For example, SFPI and EFFB can also fosaene changes is that they can avoid the false alarms due
a gradual scene change sequence. There are nine combinatioarge luminance difference resulting from moving objects
but all of them are easily understood from Fig. 4. It is worthwhen using some other detecting method. This advantage is
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Fig. 8. Experimental results of gradual scene change detection. (a) Remaining P frames with significant | mode MB’s. (b) Number of FB mode MB’s in
B frames in potential SGOP’s (G: gradual scene change, FP: fast pafiing; 50, 75 = 300).

still valid when dealing with the video sequence involvinglow panning operations would be judged as overall move-
camera motions. Generally, zooming operation is slow for tmeent of the frame and the MB type information would not
purpose of comfortable watching. As a result, the zoomirghow some specific characteristic. However, once the speed of
operation can be easily tracked as a special kind of movemeanning exceeds the tracking ability of motion compensation,
and will not greatly affect the MB types of frames. Therefore, that is, the search window per each P frame, it confuses scene
video sequence involving zooming operation would be ignorethange detection and needs to be taken into consideration.
by the detection process and regarded as an ordinary videst panning is often seen in sport video sequences, for
sequence. It is a similar case for slow panning operation, fexample, tracking the football passed by the quarterback in
example, that applied to the well-known sequence ‘Windmilla football game. Because the panning is too fast to be tracked,
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Fig. 9. (a) Example of gradual scene changes. (b) Example of flashlight in news experiment sequence (Frame 31). (c) Three examples of embedded
and removed captions.
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Fig. 10. Flashlight detection using news experiment sequence.

a significant number of MB’s in the®. frame are | mode for extracting flashlights. The patterns of MB types of SGOP’s
similar to the case in the gradual scene change. As a reswviith flashlights are illustrated in Fig. 6.
the SGOP’s in both fast panning and gradual scene change
sequences are detected as potential SGOP’s. The detection
process may confuse fast panning operation with dissolve
operation because of the similarity. Fortunately, the pattern of )
MB type in theComplete Fast Panning SGQRuring the fast /- Threshold Setting
panning sequence is very different from that in the completeWe have edited a video sequence digitized from NTSC ana-
dissolve SGOP during the gradual scene change sequence. gsvideo signals of news, advertisement and sports programs.
difference can be used to tell these two sequences apartThere are 24 abrupt scene changes and five gradual scene
the complete fast panning SGOP, of which all four frames aedange transitions in this test sequence. In addition, there are
involved in the panning sequendd; and B,. are more similar also four shots involving camera motion (two fast panning
to Py and P, respectively under the assumption that pannirgequences and two zooming sequences) and one shot with a
is linear in time (frames). Therefore, more F mode MB’s itarge moving object occupying almost one-fourth of the frame.
By and B mode MB’s inB, is found. The patterns of MB Each frame of the sequence is in SIF (352240) format,
types of a fast panning sequence are illustrated in Fig. 5. which yields 330 (22x 15) MB’s in a frame. The frame
structure of the test sequence is IBBPBBPBBPBBRBB =
] L ) 3, N = 15) and the total bit rate is 1.5 Mbps. The experiments

C. Pattern of MB Types in SGOP’s with Flashlights are performed using the encoder modelBerkeley MPEG

The specific frame with flashlights would make itself veryools (TM5, Vers. 1.0, Rel. 2; Aug. 1995) developed by L.
different from other frames in a SGOP. Fig. 9(b) shows ah. Rowe et al. [16]. From these test sequences, we want to
example of flashlights. If this specific frame appears at a define and test a set of thresholds to apply to a much longer
frame (B or B,) in a SGOP, the large difference from botfreal video sequence described in Section III-B.
Py and P, in the SGOP makes MB’s of this frames suitable 1) Abrupt Scene Change Detectiofig. 7(a) shows the
for neither F nor B mode. In addition, flashlight would makéocations of detected changing MB’s using the concept of
the scene uniformly bright in some area. This property ¢iBGzy in the test sequence from Frame 1 to Frame 100,
uniformly brightness would cause this area of low varianceihere each white dot represents a changing MB. In the abrupt
Thus, a significant number of MB’s of this frame are inclinedcene change detection, the first step is to find the total number
to be | mode which is rare in an ordinary video sequencef changing MB’s in each frame [shown in Fig. 7(b)]. Then,
Another possibility is that the frame with flashlight lies at & user-defined threshold,;,) is compared with the number
P frame. In this case, abrupt scene change detection will fiadd the one that is larger thdh,; is considered a scene
consecutive two scene changes in consecutive two SGOBfmnge frame. Different,;,s are used and the experimental
because two B frames previous to this specific frame will besults are shown in Table I.
inclined to F mode and two B frames following it will be From Table I, it is found thafl},,;, can be chosen within
inclined to B mode. This situation is unusual and can be ustte range from 270 to 300 without miss-detection or false

Ill. EXPERIMENTAL RESULT
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Fig. 11. Caption detection process. (a) Abrupt scene change detection. (b) Caption detection with eliminating the abrupt scene changes.

alarm. In fact, we found thdl},;, appropriate for preventing

miss detection and false alarm is from 257 to 301 on tr- - - - - - - - - -
test sequence. The wide range ®f; indicates that the E g - - - - - % - -

abrupt scene change detection is not strongly affected by

choice of1;,,. The false alarms with small,;, mainly come - - - - - - - - - [z]
from starting or ending frames of fast panning sequences aﬁ
gradual scene changes, or the complete fast panning SGO - - - - - - - - -
C. Gradual Scene Change DetectioAs discussed in

Section 1I-B, the P frame of SGOP’s during gradual transitio- - - - - - - - - -
such as dissolve or fast panning sequence contains a signififjj . % B R § B |
number of | mode MB’s. This characteristic can help us t
detect the gradual scene change and fast panning sequeh - - - - - - - -
However, it is worthy to note that the P frames of SGOP’
containing abrupt scene changes also have very high ratioF - - - - - - - - -
| mode MB's. Therefore, the P frames with high ratio of {jjjjj [ TR T I B =0 B [ -]
mode MB'’s resulting from abrupt scene changes have toh o
eliminated. The remaining SGOP’s with significant number - ! - - - - -
| mode MB'’s in the P frame are defined as potential SGOP’s. _ _ . _

Fig. 12. The locations of changing MB’s in the caption sequence (Frame
N to Frame 100) and/ locates the scene change frame &pdlocates the

Thresholdi7 is used to decide how many Intra-coded MB’s i
the P frame of a SGOP is significant to be a potential SGO#ame with captions.

The second step is to distinguish each remaining potential
SGOP coming from dissolve or fast panning. Utilizing theniss detection. The detection algorithm is illustrated in Fig. 8
patterns illustrated in Fig. 4, the MB’s in B frames of completand all five dissolve and two fast panning sequences are found.
dissolve SGOP are inclined to be FB mode. As a result, aAn experiment of the influence of the threshdidandTx 5
transition during several consecutive potential SGOP’s areperformed and shown in Tables Il and Ill. A range from 22
judged a dissolve sequence if the number of FB MB'’s in B 93 is appropriate choice df and that from 220 to 320 is
frames exceeds a user-defined threstigig;. It is noted that appropriate forlzg. Similar to 7,,,;,, the detection algorithm
a SGOP ending at | frameSGOR) with adjacent potential also benefits from the wide range of choicesigfand Trg.
SGOP(s) will also be regarded as a potential SGOP to prevéiie false alarms mostly result from large moving objects.
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TABLE V
SratisTics oF MBS IN B FRAMES
Type Attribute Total
FB mode | Not Coded| Coded, Quant | _Coded Total
1.5 M 34942 26288 16115 77345
6.0M 5449 51128 20768 77345
Fmode | Not Coded| Coded, Quant | Coded {otal
LSM 5371 5054 6683 17108
6.0M 1692 12482, 2934 17108
B mode | Not Coded | Coded, Quant | Coded Total
1.5M 71787 2940 5911 16638
6.0M 1437 11258 3943 16638
[ mode Not Quant Quant Total
1.5M 120 329 449
6.0M 334 115 449
TABLE VI
SraTisTiIcs oF MBS IN P FRAMES
Type LSM 6.0M
Intra 3023 7555
Intra,Quant 5785 1253
Total of I mode 8808 8808
No MC, Coded 8129 14169
No MC, Coded, Quant 9365 3439
Total of No MC 17494 17608
Fwd, Not Coded 540 354
Fwd, Coded, Quant 11038 2694
I'wd, Coded 7000 15416
Total of F mode 18578 18464
TABLE VII
SrtaTisTICS OF MBS IN | FRAMES
Bit Rate Intra Intra, Quant Total
1.5M 5954 5266 11220
6.0M 10856 364 11220

TABLE |
INFLUENCE OF 11,1,
T, Detected Miss False Alarm
330 10(41.7%) 14(58.3%) 0(0.0%)
315 21(87.5%) 3(12.5%) 0(0.0%)
300 24(100%) 000.0%) 0(0.0%)
285 24(100%) 0(0.0%) 0(0.0%)
270 24(100%) 000.0%) 0(0.0%)
255 24(100%) 0(0.0%) 1(4.2%)
240 24(100%) 0(0.0%) 3(12.5%)
165 24(100%) 0(0.0%) 6(25.0%)
TABLE I
INFLUENCE OF T7
T, Dissolve Fast Panning | False Alarm
Detected| Miss |Detected| Miss
10 S 0 2 0 4
20 S 0 2 0 1
30 5 0 2 0 0
50 S 0 2 0 0
80 S 0 2 0 0
100 4 1 2 0 0
165 3 2 0 2 0
TABLE Il
INFLUENCE OF T g
T.. Dissolve Fast Panning
320 S 2
310 5 2
300 S 2
250 5 2
220 5 2
200 6 1
165 6 1
TABLE IV
EXPERIMENTAL RESULTS USING SEQUENCES OFMOVIES
Type Seql | Seq2 | Seq3 | Seq4
Abrupt Scene change 66 18 75 50
Detected 66 18 15 50
False alarm 0 0 Q 1
Miss 0 0 0 (0]
Gradual scene change 2 2 1 9
Detected 2 2 1 9
False alarm 0 1 1 3
Miss 0 0 0 0
Fast panning detection 4 6 3 19
Detected 4 5 2 21
False alarm 0 0 Q 3
Miss 0 1 1 1
Caption detection 25 27 21 13
Detected 29 31 22 14
False alarm 4 5 4 2
Miss 0 1 3 1
Detected Flashlight 1 2 0 3

frames containing flashlights extracted from news reports.
In this four second-long sequence, President Lee of Taiwan
walks out of the lobby. Among four flashlights, three lie in B
frames and one in the P frame. From Fig. 10 the former three
flashlights lying in B frames are detected because a significant
number of MB’s are found | mode. The last flashlight on the P
frame makes consecutive two frames (frame87 and frame88)
detected as abrupt scene change frames. It is appropriate from
53 to 126 forTs;. When smallerl’zy is chosen, frame 29 is
detected as a flashlight. It may not be regard as a false alarm
because from Fig. 9(b), the flashlight in frame 29 is simply
not as bright as flashlight frames (frame 31, for example).
In other words, by adjusting th&pg;, different brightness of
flashlights can be detected.

D. Caption Detection: The MBGxy in Fig. 3 can be used
to detect the changing MB in the position (x,y). By applying
this idea, the locations of changing MB’s can be used for
caption detection. We observe that captions most often appear

3) Flashlight Detection: There is only one frame contain-at the bottom of the video frame [see Fig. 9(c)]. According to
ing flashlights in the experimental sequence. In order to obtaifis observation, we can change our scene change detection
more reliable results, we adopt a news sequence with fdusm the entire frame to the bottom region of the frame.
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TABLE VI

DIFFERENT MB PATTERNS CORRESPONDING TODIFFERENT SGOP SRUCTURE

Scene change detection: MB pattern modification corresponding to different GOP structures.
SGOP (PBBP): Bold character means the scene change frame, flashlight frame or the gradual

transition sequence.
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MB pattern : X: don’t care, ILB,F,D: significant LB, EFB mode, IL,B,ED: dominant I,B,F,FB mode
SGOP(PBP) PBP PBP

MB Pattern XBI XKL

SGOP(PBBP) PBBP PBBP PBBP

MB pattern XBBI XBFI XFFI :
SGOP(PBBBP) PBBBP PBBBP PBBBP PBBBP

MB Pattern XBBBI XFBBI XFFBI XFFFI
___Complete dissolve sequence : MB pattern modification corresponding to different GOP structures
SGOP(PBP) PBPBPBP BPBPBPB

MB Pattern XDIDIDI XIDIDIX

SGOP(PBBP) PBBPBBPBBP PBBPBBPBBP PBBPBBPBBP

MB pattern XDDIDDIDDI XEDIDDIDBI XFFIDDIBBI .
SGOP(PBBBP) |PBBBPBBBPBBBP |PBBBPBBBPBBBP | PBBBPBBBPBBBP | PBBBPBBBPBBBP
MB Patiern XXDXIXDXIXDX] | XFDDIXDXIDDBI | XFFDIXDXIDBBI | XFFFIXDXIBBBI
_Complete fast panning sequence : MB pattern modification corresponding to different GOP sfructures
SGOP(PBP) PBPBPBP BPBPBPB

MB Pattern XXIXIXT FIXIXIB

SGOP(PBBP) PBBPBBPBBP PBBPBBPBBP PBBPBBPBBP

MB pattern X¥FBIFBIFBI XEXIFBIXBI XFEIFBIBBI

SGOP(PBBBP)_ |PBBBPBBBPBBBP | PBBBPBBBPBBBP | PBBBPBBBPBBBE | PBBBPBBBPBBBP
MB Pattern XFXBIFXBIFXBI | XFFBIFXBIFBBI | XFFXIFXBIXBBI | XIFFIFXBIBBBI
__ Flashlight detection: MB pattern modification corresponding to different GOP structures
SGOP(PBP) PBP PBPBP

MB Pattern XIX XFIBX S
SGOP(PBBP) PBBP PBBP PBBPBBP

MB pattern XIXX XXIX XFFIBBX

SGOP(PBBBP) PBBBP PBBBP PBBBP PBBBPBBBP
MB Pattern XIXXX XXIXX XXXIX XFFFIBBBX

TABLE IX
SIMULATION RESULT WITH RESPECT TODIFFERENT
SGOP SRUCTURE BASED ON THRESHOLD SET
{Twmp = 280,77 = 40,Trp = 300, T = 100,T = 16}

However, the scene change frame has to be detected and
skipped because it also contains many changing MB’s in the
bottom region. We have adopted a video sequence with four
abrupt scene changes and six abruptly embedded captions for

simulation. From Fig. 11, six captions are detected in marked SGOP PBP | PBBP | PBBBP
region of {X-axis: 193 to 224,Y-axis: 49 to 304} after chle “"”(‘;”e 24 24 24
elimination of abrupt scene changes (The threshold is set as clecle 24 24 24
. . False alarm 0 0 0
half the number of blocks in the marked regidfy; = 16). Miss 0 0 0
Fig. 12 shows the locations of changing MB’s and gives a Gradual scene chanse | 4 4 4
clearer illustration of the caption detection. Detected 4 4 4
False alarm 0 0 0
Miss 0 0 0
B. Experiments Using Real Video Sequence ____Fast panning 2 2 2
of Movies and News Detected 2 2 2
. L . False alarm 0 Q 0
In order to examine the application of proposed detection Miss. 0 0 0
method, three video sequences extracted from movies and Flashlight 4 4 4
news were used. Each sequence is 9000 frames (5 min) long Detected 4 4 0
and each frame is 352 240 pixels in size. Table IV shows ———False alarm 0 0 0
the experimental results using the threshold se{'8f;, = CMltS_S (6) 2 (6)
280,T; = 40, Tpp = 300, Ts; = 100, Tc = 16}. It is found D;[::cl::é S p p
that all abrupt scene ch_anges are successfully detected with False alarm 1 0 0
only one false alarm. This false alarm comes from the sudden Miss 0 0 0

rapid explosion of the dynamite that creates large amount

of smoke and dust covering most part of the frame. As tbeir large number of FB mode MB’s in B frames. This case
gradual scene change detection, some panning sequences alith causes the miss detection of fast panning detection. In
very homogeneous background become false alarms owinghe caption detection, some smaller captions are miss-detected
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TABLE X
COMPARISON OF DIFFERENT METHODS

Method Extraction Detection Block |Accuracy| Application
DCT coefficients| VLC, Inverse DPCM, | Operation(+,-) 8x8 GOP H.261
DC+AC Inverse Quantization & Analysis MPEGI,2
DCT coefficients| VLC, Inverse DPCM | Operation(+,-) 8x8 GOP H.261
DC only & Analysis MPEG1,2
Motion Vectors | VLC, Inverse DPCM | Operation(+,-) 16x16 SGOP H.261
& Analysis MPEG1,2
MB types VLC Counting 16x16 | Frame MPEGL,2
& Analysis

and some moving objects occurring in the marked region causeSection IlI-A, but with the different SGOP structures of
false alarms. Several flashlights are existed in these sequentable VIII are shown in Table IX. From Table IX, we can
Some of them come from photographic flashlights and othessnclude that our proposed method is practical for the coding
come from the sudden flashes of the light in the living roomcheme using bi-directional motion compensation and robust
or the lamp at the desk. to different SGOP structures.

[VV. DISCUSSION C. Advantage of Proposed Method

Experimental results have shown that the MB type infor-
mation in the MPEG framework can be successful applied

Different bit rates may result in different occurrence freto achieve very fast scene change, flashlight and caption
guency of MB types. Theoretically, more MB’s are inclinedletection. This novel approach has some advantages worthy
to be | mode when coding at higher bit rates. In order i® be noted. First, the MB type information can be directly
examine this assumption, an experiment of encoding the textracted from the bit streams of compressed video after VLC
sequence in different bit rates is done and the statistics dgcoding. Second, detecting process is quite simple as com-
MB’s is shown in Tables V-VII. pared to current DCT methods that require more operations.

From Tables V-VII, it is found that there are only veryt needs to calculate the differences of DCT coefficients and
slight changes in quantity of I, B, F, and FB types betweetccumulate these differences to create the interesting data to
two cases of bit rates. However, the difference occurs in teempare for scene change detection. However, only counting
attribute of these four MB types. In the case of higher bihe MB types can provide us enough information for the same
rate, MB’'s are inclined to be coded with default quantizepurpose. Third, its detection accuracy is on the frame scale, in
instead of being quantized using larger quantizer scale or mdber words, we can precisely indicate which frame the scene
coded in order to improve the image quality. In other wordshange occurs. In contrast, the method using DCT coefficients
taking the Forward motion compensated MB for instancdgetects only one cut if there are two scene changes in a GOP.
the attribute of MB’s change from “Not coded” or “CodedLlast but not least, the proposed method has higher sensitivity
Large Quantizer Scale” to “Coded, Default” to obtain bettghat can detect the scene changes between two consecutive
residue data reconstruction instead of changing FB to Inframes belonging to different shots with similar contents. The
mode. We also can find that due to increasing of the Bitclination of prediction utilized in our method is still valid
rate, MB’s of | frames adopt the default quantizer. From theecause the almost identical frame would be predicted instead
statistics, a conclusion for that the change of bit rates just ve?f/the similar frame belonging to a different shot. In the other
slightly affects the occurrences of |, B, F, FB modes is fountords, the macroblock information still follows some specific
Therefore, the detection algorithm exploiting the MB types igattern when the abrupt scene change occurs. However, for

A. Influence of Bit Rates

not affected by bit rates. current other detection methods, it makes setting the threshold
either of DC difference or of motion value summation difficult

B. Modification of Proposed Method Corresponding on this occasion. It is noted that the proposed algorithm is

to Different GOP Structure useful only in the MPEG framework containing B frames.

In the MPEG coding scheme, the GOP structure is nqutegra'uon with proposed algorithm using DCT coefficients

defined so that different GOP and SGOP structures can @e&iesdﬁ_igigﬁeaﬁ:g;ngf :gcsgf di(;foer:ﬁ:?ggtezggn Imae?r?ocFi)s
adopted. For the encoding scheme containing only | and. g L P
o is dshown in Table X.
frames, the proposed approach needs to be modified an
integrated with other proposed method using DCT coefficients
or motion vectors. Table VIII shows the modification of MB V. CONCLUSION
type patterns corresponding to different SGOP structures. Sim\We have developed a novel video analysis method using
ulation results based on the same test sequence experimeMBdtype information. By this method, satisfactory detection
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precision and speed is obtained. In addition, the method usiing B.-L. Yeo and B. Liu, “Visual content highlighting via automatic
MB type information benefits from easy data extraction from

the bitstream, very simple analysis, frame-based accuracy and
high sensitivity to avoid miss detection. For coding schemést]

containing only P or | frames, future work of integration of

our method and other proposed methods is needed.
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