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Abstract—This paper deals with the problem of shot-change
detection on H.264/AVC compressed video. As H.264/AVC
employs several new coding tools, the statistic information of
macroblock is different from the former MPEG video. How to
detect shot-changes efficiently on H.264/AVC compressed
video is a challenging work. In this paper, we propose a novel
scheme, macroblock type analysis plus the intra-mode
statistical constraint rule, to detect shot-changes for P-frame
and B-frame coded video of H.264/AVC. For detecting shot-
changes in I-frame coded video, we propose an intra mode
histogram and use the weighted City Block Distance to
measure the similarities among I-frames. Experimental results
show that the proposed algorithms achieve satisfactory
performance and very fast detection.

1. INTRODUCTION

Temporal video segmentation is widely used as the first step in
video structure analysis. Segmentation algorithms separate video
into a series of subsequences. Each subsequence is called shot, and
provides a meaningful elementary unit where the content of frames
does not change drastically. Since shots are fundamental units for
video manipulation such as indexing, retrieval and representation,
shot-change detection has become an important topic and attracted a
lot of research.

A number of shot-change detection algorithms have been
developed in the past decade. Gargi et al. provided an extensive
evaluation and characterized the performance of shot-change
detection techniques on a sufficiently varied ground-truthed test set
[1]. Since digital video is most likely to be compressed for storage
and transmission, hopefully, shot-change detection performed
directly on compressed video is fast and efficient. Although shot-
change detection algorithms on uncompressed video work well,
they require the compressed video to be decoded first. This limits
the usability of the methods on uncompressed video, especially in
real-time applications.

Shot-change detection techniques on compressed video mostly
focus on the H.261, MPEG-1 and MPEG-2 video-coding standard
[2-11]. Correlation of DCT-coefficient vectors was defined to
measure similarity to I-frames of MPEG sequence in [5]. The idea
underlying the method is that similar content mathematically results
in similar DCT coefficients. Breaks in B-frames are detected by
checking the number of non-zero forward and backward
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macroblock (MB) in B-frame. DC coefficients can be directly
extracted from I-frame, and reconstructed rapidly from P-frame and
B-frame [6, 7]. Based on DC image, shot-change detection
algorithms that are designed for uncompressed video can be directly
transformed to the compressed video. Recently, statistical
sequential analysis technique is proposed to detect scene change on
the DC image sequence [8]. Edge for each MB can also be extracted
by AC coefficients analysis and is used to match frames with edge
orientation and strength in shot-change detection [9]. Besides DCT
coefficients, motion vector of MB is exploited among consecutive
P-frames to detect the camera motion. The approach can efficiently
distinguish real scene changes from those caused by camera motion
[10]. In addition, MB type analysis is adopted to achieve very fast
scene change, gradual transition, flashlight, and caption detection in

[11].

Up to now, few literature reports shot-change detection on
H.264/AVC compressed video. In this paper, we provide a
preliminary research of shot-change detection on H.264/AVC
compressed video. In the up-to-date standard, the intra-prediction
mode is introduced to code MB as the intra type. Moreover, each
MB can be partitioned into variable-size block in motion
compensation. The skip and direct mode are supported in motion-
compensated prediction, which offer inferred motion vectors. On
the other hand, multiple reference frames are adopted in motion
compensation (please refer to [12] for details). As a result, DCT
coefficients for the intra-coded MB cannot represent the content of
frame now. Some MBs with smooth texture may be coded with the
intra mode even if the motion compensation succeeds.

To efficiently detect shot-changes, we propose a set of
algorithms to deal with shot-change detection problem on
H.264/AVC compressed video. For I-frame coded video, we design
an intra mode histogram distance to describe content change of I-
frames. To detect shot-changes among P-frames or B-frames, we
make use of the motion-reference direction for each MB to decide
temporal correlation between P/B frame and its reference frame.
Because the temporal correlation has been weakened in H.264/AVC
video, a statistical intra-mode constraint rule is applied to reduce
false alarms. The rule can efficiently remove most of false alarms
that are caused by the exceptional number of intra type for the
smooth texture frames. In the performance evaluation, satisfactory
results are obtained.
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II. SHOT-CHANGE DETECTION FOR I-FRAME
CODED VIDEO

Three types of temporally interleaved frames are supported in
H.264/AVC bitstream. The first is I-frame that is intra-coded on
16x16 or 4x4 pixel blocks. The second is P-frame that is motion
compensated in the forward direction from I-frame or other P-
frame. The third is B-frame that is motion compensated in both
directions.

Because I-frame coded video is usually used in video editing,
shot-change detection for this type of video can be used to provide a
rapid video structure analysis tool. In H.264/AVC, each MB in I-
frame is coded in Intra 4x4 or Intra 16x16 type of intra coding
together with chroma prediction and I PCM prediction modes. The
In-tra_16x16 block is more suited for coding very smooth areas of a
picture, while Intra 4x4 block is well suited for coding parts of a
picture with significant detail. In addition to these two types of luma
prediction, a separate chroma prediction is conducted. Fig. 1
illustrates the Intra_4x4 prediction mode.
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Figure 1. (a) Intra_4x4 prediction is conducted for samples a-p
using samples A-Q. (b) Eight “prediction directions” for Intra_4x4
prediction.

Directly extracting image information from DCT coefficients
of the intra-coded MB is difficult in H.264/AVC standard. It is
because that the DCT transform is not performed on the block
pixels but the intra-predicted residual. To obtain the image
information, it must decode the adjacent pixels around the block
first (illustrated in Fig. 1(a)). To represent the content of I-frame
without decoding, we design an intra mode histogram (IMH) to
characterize the I-frame. The idea underlying IMH is that similar
content has similar intra prediction modes. In fact, different intra-
prediction modes describe different types of block texture as
shown in Fig. 1(b). For example, the vertical prediction mode is
suited for coding the block with vertical edges. In H.264/AVC,
there are four types of prediction modes in the Intra 16x16 type
and nine types in the Intra_4x4 type. Thus, the IMH has 13 bins in
total. The value for each bin is the number of blocks that is with
the given intra prediction mode. The weighted City Block Distance
is adopted to measure the similarity to IMH for I-frames. If the
distance is above a predefine threshold, a shot-change is detected
between the two I-frames. However, simple threshold technique
presents too many false alarms. To tackle the problem, a local peak
detection process is added. If a distance peak is found among 3
successive distance values for four successive I-frames, the
detected shot-change is a valid shot boundary; otherwise it is a
false alarm. The local distance peak detection guarantees the
detected shot change has significant content change in a short time

window. If a shot-change occurs between frame i/ and i+1, the
hybrid detection rule is written as

dist,(IMH,,IMH,,,)>6 & dist, > dist,, +dist,,, )
where the distance function is defined as

dist,(IMH,, IMH,,,) =

4 13 . (2)
3| IMH,(j) ~IMH,,,(j) |X16+ | IMH(j)~ IMH,,())|

J=1 J=5

As the size of block with Intra 16x16 type is 16 times of the
Intra_4x4 block, the first term in the right side of Eq. (2) has a scale
factor 16. Threshold 0 is determined by the video type and the
encoder parameter setting.

III. SHOT-CHANGE DETECTION FOR P-FRAME CODED
VIDEO

P-frame is motion-compensated frame in forward direction. MB
in a P-frame can be coded in intra-mode or forward motion-
compensated mode. It is worthy to mention that block partition is
supported by the H.264/AVC standard. That is to say the MB can
be partitioned into different shapes for motion-compensated
prediction, ranged from 16x16 to 4x4 size. As the MB type is
decided by the rate-constrained mode decision in H.264/AVC, some
smooth texture blocks may be coded in intra mode.

Generally speaking, the intra mode is used to coding MB that
fails in motion-compensated prediction in P-frame or B-frame in the
most case. In H.264/AVC, even if a block can be compensated by
the motion-compensated prediction, the block may be coded in the
intra mode because the block is well predicted by the adjacent
pixels and need fewer bits. As a result, statistical information for the
intra mode of P-frame or B-frame may have more noise than the
former MPEG video.

Because the minimum MB partition is 4x4 size, all statistical
data is calculated based on 4x4 block in our implementation. First,
we use the number of intra-coded MB in a P-frame to detect the
shot-change for P-frame coded video. If the number is above a
threshold, a candidate shot-change is detected. The statistical intra-
mode constraint rule is then applied to remove false alarms. If a
shot-change happens, P-frame will have a majority of blocks that
are coded in intra-mode. However, a P-frame that has much smooth
texture area will have many intra-coded MBs, too. To deal with the
problem, we validate the number of intra-coded MB in the
successive P-frames. If two P-frames are both have sufficient intra-
coded MBs, the unexpected number of intra-coded MB may be
decided by the frame content. If a shot-change occurs between
frame 7 and i+1, the shot-change can be detected by the following
rule:

Intra(P)>6, & Intra(P,,)<é,. 3)

Threshold o, is about 6,%0.6 in our implementation according
to our experience. Threshold g, is decided by the MB type
statistic data for the P-frame coded videos.

IV. SHOT-CHANGE DETECTION FOR B-FRAME
CODED VIDEO

B-frame is the motion-compensated frame in forward and
backward direction. Four types of inter-frame prediction mode are
supported in H.264/AVC: forward, backward, bi-predictive, and
direct prediction. The spatial direct prediction mode can induce the
forward, backward and bi-predictive motion vectors. As a result, a
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MB in B-frame is either an inter-predicted MB or an intra-coded
MB.

Shot-change may take place in three positions: in front of the
first B-frame, in the middle of the two B-frames, and in the rear of
the second B-frame. In the first case, most MBs in the two B frames
are backward motion-compensated, because they are much more
similar to the rear anchor frame than to the front. In the second case,
most MBs in the first B-frame are forward motion-compensated,
while MBs in the second B-frame are backward motion-
compensated. In the third case, most MBs in the two B-frames are
forward motion-compensated. Therefore, shot-changes can be
detected by checking the motion-compensative direction of the two
B frames.

As mentioned in the previous section, the intra-prediction mode
will influence the MB statistic for the inter-predicted frame. The
statistical intra-mode constraint rule is also applied to the successive
B-frame to remove the false alarm at the same time. If the numbers
of intra-coded MBs in two B-frames are both above a predefine
threshold, the detected shot-change is a false alarm.

V. EXPERIMENTS AND ANALYSIS

Two sequences are used to test performance of the proposed
algorithms. The first is a Spanish daily news TV program video
from the 17th CD of the MPEG-7 content set. We cut about 10,010
frames from the beginning. The sequence is a CIF (352x288)
format video. There are 47 abrupt scene changes, 12 gradual scene
changes and 12 flashlight frames in total. The second sequence is an
advertisement video recoded by a video card from the CCTV of
China. It is a high-resolution video with 704x576 frame size. There
are 64 abrupt scene changes and 6 gradual scene changes. The two
sequences are compressed using the H.26L decoder of version JM
6.1le.

To test the shot-change detection algorithm for I-frame coded
video, we compressed the news sequence with QP=28. There are
6,636 blocks with 4x4 size. We change the threshold in Eq. (1) with
a descent order. Table I shows the detection results. Sometimes,
shot-changes are miss-detected at the boundary of two close-up
view shots. It is because that the two frames in the shot boundary
are both containing many smooth regions. Some false alarms are
caused by the sudden appearance of new objects such as appearance
of a new caption letter.

TABLE L SHOT-CHANGE DETECTION RESULTS FOR THE [-FRAME
CODED NEWS VIDEO.

0 #detected #missed #false alarm
2100 38(80.9%) 9(19.1%) 4(9.5%)
2050 41(87.2%) 6(12.8%) 5(10.9%)
2000 41(87.2%) 6(12.8%) 7(14.6%)
1950 41(87.2%) 6(12.8%) 7(14.6%)
1900 41(87.2%) 6(12.8%) 7(14.6%)
1850 41(87.2%) 6(12.8%) 7(14.6%)
1800 42(89.4%) 5(10.6%) 8(16.0%)

Table II shows the results for the P-frame coded news video.
Two thresholds are adjusted to show the performance of the shot-
change detection technique in Eq. (3). Threshold 6, is used to

detect the shot-changes and threshold @, is set to prevent the false

alarm. Because some shot-changes locate between the P-frame and
I-frame, only 39 shot-changes are taken into account in the P-frame
coded video. In Table II, it can be seen that the number of false
alarms is reduced when threshold o, is decreasing.
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TABLE II. SHOT-CHANGE DETECTION RESULTS FOR THE P-FRAME
CODED NEWS VIDEO.

6, o, #detected | #missed | #false alarm
4700 2100 37(94.9%) 2(5.1%) 7(15.9%)
4600 2100 38(97.4%) 1(2.6%) 7(15.6%)
4500 2100 38(97.4%) 1(2.6%) 7(15.6%)
4400 2100 38(97.4%) 1(2.6%) 7(15.6%)
4500 2200 38(97.4%) 1(2.6%) 7(15.6%)
4500 2000 37(94.9%) 2(5.1%) 7(15.9%)
4500 1900 37(94.9%) 2(5.1%) 6(14.0%)
4500 1800 37(94.9%) 2(5.1%) 5(11.9%)
4500 1700 37(94.9%) 2(5.1%) 5(11.9%)
4500 1600 35(89.7%) | 4(10.3%) 5(12.5%)

TABLE IIL SHOT-CHANGE DETECTION RESULTS FOR THE B-FRAME
CODED NEWS VIDEO.
Tinira Tjivece | #detected #missed #false alarm

- 100 38(80.9%) 9(19.1%) 2(5.0%)

- 200 39(83.0%) 8(17.0%) 3(7.1%)

- 300 40(85.1%) 7(14.9%) 4(9.1%)

- 400 40(85.1%) 7(14.9%) 5(11.1%)

- 500 40(85.1%) 7(14.9%) 6(13.0%)

- 1000 41(87.2%) 6(12.8%) 12(22.6%)
1000 1000 40(85.1%) 7(14.9%) 9(18.4%)
1000 500 39(83.0%) 8(17.0%) 4(9.3%)
1000 400 39(83.0%) 8(17.0%) 3(7.1%)
1000 300 39(83.0%) 8(17.0%) 3(7.1%)
1000 200 38(80.9%) 9(19.1%) 2(5.0%)
1000 100 37(78.7%) 10(21.3%) 2(5.1%)

TABLE IV. SHOT-CHANGE DETECTION RESULTS FOR THE B-FRAME
CODED ADVERTISEMENT VIDEO.

Tintra T iivect #detected #missed #false alarm
9000 9000 58(92.1%) 5(7.9%) 15(20.5%)
9000 8000 58(92.1%) 5(7.9%) 10(14.7.6%)
8000 8000 57(90.5%) 6(9.5%) 9(14.3%)
7000 8000 56(88.9%) 7(11.1%) 7(11.1%)
6000 8000 54(85.7%) 9(14.3%) 7(11.5%)
5000 8000 53(84.1%) 10(15.9%) 7(11.7%)

- 8000 61(96.8%) 2(3.2%) 24(28.2%)

- 7000 52(82.5%) 11(17.5%) 19(26.8%)

Table III and table IV show the results for B-frame coded video
for the news video and the advertisement video. The frame structure
of test videos has five anchor frames in a group of pictures and two
B-frames are inserted between the anchor frames. Threshold 7.
is used to identify the predictive direction of B-frames. Threshold
Tina 1s used to detect false alarms. This threshold works well
especially in the advertisement video, because smooth regions
frequently occur in the high-resolution video. Comparing the sixth
and eighth line in Table IV, the percentage of false alarm dropped
about a half by using the statistical intra-mode constraint rule, while
the number of correctly detected shot-changes is close. The miss-
detection is taken place when the two frames at shot boundary are
embedded in a frame window. In the frame-window area, all MBs
are coded in bi-predictive mode. Some false alarms happened at the
end of a gradual scene change or are caused by appearance of new



objects, such as abrupt change of background region in the
advertisement video.

The performance of the proposed approach depends on the
thresholds &, 0> 0,5 Tuya and Ty, How to determine the

suitable thresholds in practical system depends on the sequence
content and the settings of the encoder parameters. Generally
speaking, the thresholds can be determined based on the experience
or from the statistic of the selected training data.

Figure 2 illustrates the recall-precision curves for the news
video coded by the H.264/AVC encoder and a MPEG-2 encoder.
Recall is defined as the number of correctly detected shot-change
divided by the number of total shot-changes. Precision is defined as
the number of correctly detected shot-change divided by the number
of detected shot-changes. The algorithm of shot-change detection is
described in Section 4 without applying the statistical intra-mode
constraint rule. That is to say, we only adopt the thresholding
method to detect shot-changes [1]. From figure 2, the performance
is higher to the MPEG-2 video than to the H.264/AVC video. The
reason is that some smooth regions are coded in the intra-mode, but
these regions may be coded in the inter-prediction mode in MPEG-
2 video. Temporal correlation between motion-reference frame and
the current frame is reduced by the intra prediction mode in
H.264/AVC in a sense. For this reason, the statistical information of
H.264/AVC compressed video is different from the former MPEG
coded video. In other words, the number of intra-coded MB has
more noise for H.264/AVC compressed video than the former
MPEG video. Efficient statistic for the intra mode on H.264/AVC
compressed video is an interesting issue and should be studied in
future.

Precision

|

I
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Figure 2. Shot-change detection recall-precision curves for the
H.264/AVC and MPEG-2 video.

VI. CONCLUDING REMARKS

In this paper, we propose a set of algorithms to detect shot-
changes on H.264/AVC compressed video. For I-frame coded video,
we design the intra-mode histogram to represent I-frame content.

Shot-changes are then detected in the position of abrupt change of
the weighted distance measurement to the histogram. For P-frame
and B-frame coded video, shot-changes are first detected by the
intra-coded MB statistic. The statistical intra-mode constraint rule is
applied to reduce false alarms next. Satisfactory performance is
obtained in the experiments, and the proposed algorithms achieve
very fast detection.

Future work will focus on the gradual transition detection and
study the new statistic characteristics for H.264/AVC compressed
video. Because our approach is threshold-dependent, we should find
a statistical solution to determine the thresholds automatically.
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