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Abstract. Typical result of an automatic shot change detection algorithm expectedly includes a certain number
of undetected shots as well as falsely detected shots. Even though automatic shot change detection algorithms
are continuing to improve, the ultimate goal of automatically detecting all shot changes without false alarms
may never be achieved. Thus, allowing a human operator to intervene—to review and verify the result of a shot
change detection algorithm, to delete falsely detected shots as well as to find undetected shots—may be the most
viable approach currently available for increasing the accuracy of the overall shot detection process. For this exact
purpose, we propose a shot verifier based on the visual rhythm.

The visual rhythm, an abstraction of the video, is a single image, a sub-sampled version of a full video in which
the sampling is performed in a pre-determined and in a systematic fashion. It is a representation of the video,
which includes the overall content of the video. But most importantly, the visual rhythm contains patterns or visual
features that allow the viewer/operator to distinguish and classify many different types of video effects (edits and
otherwise): cuts, wipes, dissolves, fades, camera motions, object motions, flashlights, zooms, etc. The different
video effects manifest themselves as different patterns on the visual rhythm. Using the visual rhythm, it becomes
possible, without sequentially playing the entire video, to find false positive shots as well as undetected shots.
Thus, inclusion of the visual rhythm in the shot verification process will aid the operator to verify detected shots
as well as to find undetected shots fast and efficiently.

Our newly developed shot verifier based on the visual rhythm has been designed for operator efficiency. The
design of our shot verifier presented and the usefulness of the visual rhythm during the shot verification process
will be demonstrated.
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1. Introduction

With the advancement of digital video applications, video indexing is now becoming an
integral part of multimedia services. The services involve a wide variety of areas such as
video editing, digital library, video database, video contents production, streaming video
on the web, etc. Since video is a flat sequence of frames with no other indications, it has
only limited interactivity, typically found in modern VCRs: fast-forward, rewind, pause
and play. For advanced video applications, an interpretation level above the raw video
information is needed, for instance to parallel those found in text applications, such as
sentences, paragraphs, chapter titles and table of contents. Video indexing is a mechanism
that provides such syntax and structure supplying users with entry points in video. The
user is then able to quickly access a particular part of the video. In addition, the indexing
mechanism can be exploited to provide a summary of the entire video so that the user may
become quickly acquainted with the video content. The first step in this important video
indexing procedure is to detect shot and scene changes in the video. The video content
indexing becomes possible only after accurate shots have been detected to represent the
entire video with certain syntax for efficient user access.

Before proceeding with details, we note that the terminology used in the video indexing
literature vary somewhat. Thus, we precisely define the following terms, which will be
consistently used throughout the paper. A shot is an unbroken sequence of frames, which
present a continuous action; it usually results from a single operation of the camera. In
other words, it is a sequence of frames that is generated by the camera from the time it
begins recording until the time it stops [3]. A scene is defined as a collection of one or more
adjoining shots that focus on an object or objects of interest [1]. In general, shots have a
duration of 1–10 seconds, but the duration of scenes vary greatly depending on the genre
of videos from TV commercials to soap operas.

Manual detection of shot and scene changes is extremely tedious and naturally time-
consuming. In addition, such manual detection will be prone to errors, due to operator
fatigue. Therefore, it is essential to develop and utilize automatic methods for the detection
and the multimedia research community is actively pursuing methods for better automatic
detection of shots and scenes [3–6, 8–11].

In general, the shot change detection step (or segmentation) precedes the scene change
detection step (or clustering). In addition, during shot change detection, one or more key
frames are usually obtained automatically for each shot. Therefore, the accuracy of the shot
change detection algorithm will have a great influence on the performance of the scene
change detection algorithm. If the detected shot changes are inaccurate, then the resulting
scene changes will also be inaccurate. As important as accurate shot change detection
maybe, as Bayesian decision theory points out, there is always a trade-off between the
detection probability and the false alarm rate. Thus, it is only natural to assume that it is
impossible to automatically detect all shots of a video accurately. In addition, certain video
editing effects produce frames so that even a visual determination of scene/shot changes
becomes difficult.

Most shot change detection algorithms result in many false positives and missing shots.
For accurate detection of all shots in the video, it is essential to manually remove false
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positives and find missing shots (as detected by an automatic algorithm), the process we call
shot verification. A robust shot change detection system must include a shot verification step
to further enhance the overall system performance. In this paper, we introduce the concept
of the visual rhythm, an abstraction of a video. The visual rhythm is a single image, a
sub-sampled version of a full video in which the sampling is performed in a pre-determined
and systematic way. It is basically a representation of the video, which includes the overall
content of the video. But most importantly, a visual rhythm includes visual features that
allow the operator to distinguish and classify many different types of video effects (edits
and otherwise): cuts, wipes, dissolves, fades, camera motions, object motions, flashlights,
as well as zooms. These different video effects manifest themselves as different patterns on
visual rhythms. Using the visual rhythm, it becomes possible, without sequentially playing
the entire video, to find false positive shots as well as undetected shots. Thus, inclusion of the
visual rhythm in the shot verification process will aid the operator to verify the shots fast and
efficiently. For this purpose we have developed a new tool, a shot verifier including the visual
rhythm. The usefulness of the visual rhythm in the shot verification process will be presented.

The paper is organized as follows. Section 2 reviews the current state-of-the-art shot
detection methods, and leads to the importance of shot verification. Section 3 formally
introduces the concept of visual rhythm and shows its features and characterizations for
different video effects. Our design of a shot verifier is presented in Section 4 with some of
its major functions and user interfaces. Lastly, Section 5 concludes the paper with certain
merits and limitations of the proposed shot verifier.

2. Edit effects and shot verification

The process of making a video involves production and editing of individual shots. The
video editor assembles different shots together in a continuous stream, which becomes
the final video. During this editing process, a number of different effects are introduced
at the boundary of the shots. These effects are typically referred to as edit effects. Thus,
the problem of shot change detection can be posed as edit effects detection [3]. The most
frequently used edit effects are cuts, dissolves and wipes. A cut is simply a concatenation
of two shots. In other words, no special effects are introduced. A dissolve is a simultaneous
application of a fade-out (of an outgoing shot) and a fade-in (of an incoming shot). A wipe
is another edit effect where an incoming shot appears at one or more parts of an outgoing shot,
and then grows gradually until it covers the entire frame. Cuts are typically classified as an
abrupt change where dissolves and wipes are classified as gradual changes, because during
dissolves and wipes, shot changes occur gradually over many contiguous video frames.
Modern digital video editors provide, not only two-dimensional effects mentioned above,
but also three-dimensional gradual effects such as rolling, flying, doppler effects, etc.

Abrupt changes have a clear boundary since the last several frames of an outgoing shot
and the beginning ones of an incoming shot usually have different contents. Thus, abrupt
changes can be detected fairly easily by applying simple methods such as pixel differences,
statistical differences, histograms, motion vectors and so on. However, a sequence of frames
with gradual effects has a visually indistinguishable boundary since each frame in the
boundary has visual characteristics of both outgoing and incoming shots. Therefore, it is
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much more difficult to detect gradual changes. Perhaps, for this reason much work has
been reported for the detection of abrupt changes [5, 6, 8–11], but only a few for gradual
changes [3, 4]. We note in passing that even abrupt changes may be missed in certain
video contexts, for instance, shots with diverse applications of camera motions such as
zooming and panning, shots with fast moving objects, quick changes in luminance, etc.
This illustrates the importance of a shot verifier.

Boreczky et al. [1] analyzed various genres of test videos and summarized the frequency
of different edit effects. According to their analysis, “more than 30% of those scene changes
were marked by gradual changes, whereas just over 10% of non-scene shot changes were
marked by gradual changes.” Thus, without shot verification, if scene change detection
(clustering) step is executed without the correct shot changes (including gradual changes),
more than 30% of the scenes may not be found correctly. This percentage is large enough for
the detection of gradual changes to be included as an important part of any shot and scene
change detection algorithm. Although most automatic shot change detection methods report
about 10–20% false positive and/or missing shots [1], the reported detection rate would have
been much worse had the test videos included a diverse range of gradual changes, such as
those typically found in commercials. This further illustrates the need for an efficient shot
verifier.

For a straight forward manual shot verification, one has to compare each shot detected by
an automatic algorithm using the raw video stored on disk or tape. During this verification
process, the raw video must be played back and carefully viewed, using VCR functions,
such as slow motion, pause, fast-forward, etc. Note that the operator will be required to
playback the same video frames repeatedly, over where the shot changes occur. The amount
of time required for such verification process may be just as much as a manual shot change
detection. Therefore, the shot verification process must be done quickly, with a smartly
designed graphical tool. Our newly developed tool, based on the proposed visual rhythm,
serves this need.

3. Visual rhythm

3.1. Visual rhythm and pixel sampling

We have established that viewing the entire video for shot verification is too time consuming.
If one chooses to verify shots in such a way, one might as well detect the shots by playing
the entire video in the first place. Therefore, the shot verifier, although manual, must be
designed for a quick and accurate operation.

For the shot verifier to be quick, we resort to viewing a portion of the original video. This
portion of the video must retain most, if not all, video edit effects. We claim that our visual
rhythm, defined below, satisfies the requirement. The user, upon viewing the visual rhythm,
must be able to distinguish different video edit effects and verify the detected shots and
find new missing shots quickly and efficiently. We note that the terminology visual rhythm
was first used in the context of video icons [12], where it was defined to be the vertical
or horizontal sides of the video icon. This idea is generalized to sample any collection of
pixels from a frame (e.g., pixels along the diagonal) across time.
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Let fV (x, y, t) be the pixel value at location (x, y) and time t of an arbitrary video V .
Then, the video V may be represented as:

V = { fV (x, y, t)}, x, y, t ∈ {0, 1, 2, . . .}.

Let fThumbnail (x, y, t) be the representation of a reduced frame of a spatially reduced video
VThumbnail of the original video V . Each reduced frame, or thumbnail, is a (horizontally and
vertically) reduced image of its corresponding frame in the video V by a factor r . Thus, the
spatially reduced video or sequence of thumbnails may be expressed as:

VThumbnail = { fThumbnail(x, y, t)}, x, y, t ∈ {0, 1, 2, . . .}.

The relationship between the video V and its spatially reduced video VThumbnail can be
represented using their pixel correspondences as follows

fThumbnail(x, y, t) = fV (r x + kx , r y + ky, t), x, y, t ∈ {0, 1, 2, . . .},
0 ≤ kx , ky ≤ r − 1

where kx and ky are offsets in pixel units. Using the spatially reduced video, we define the
visual rhythm, VR, of the video V as follows:

VR = { fVR(z, t)} = { fThumbnail(x(z), y(z), t)}

where x(z) and y(z) are one-dimensional functions of the independent variable z. Thus,
the visual rhythm is a two-dimensional image consisting of pixels sampled from a three-
dimensional data (video). That is, the visual rhythm is constructed by sampling a certain
group of pixels in each thumbnail and by temporally accumulating the samples along time.
Thus, the visual rhythm is a two-dimensional abstraction of the entire three-dimensional
video content.

Depending on the mappings x(z) and y(z), various types of visual rhythms can be
obtained. For an arbitrary plane, for instance, y = y0 or x = x0, horizontal or vertical
pixel sampling can be done by applying (x(z), y(z)) = (z, y0) or (x(z), y(z)) = (x0, z),
respectively. For a constant α, diagonal pixel sampling is achieved by the application of
(x(z), y(z)) = (z, αz). Figure 1 shows several different sampling strategies, a partial list of
all realizable mappings.

The sampling strategies, x(z) and y(z), must be carefully chosen for the visual rhythm to
retain the edit effects that characterize shot changes. Figure 2 shows three visual rhythms
constructed from an identical video clip with different sampling strategies. The first four
abrupt changes as well as the final wipe are readily visible on all visual rhythms. However,
the visual features for shot changes are most pronounced in the diagonal sampling as shown
in figure 2(a). The visual rhythm obtained by the cross sampling, shown in figure 2(b),
is marked by a single horizontal line through the center, along which the visual rhythm
has been effectively divided into upper and lower halves. These independent halves may
sometimes be too narrow for a correct reading. Lastly, the area sampling shown in figure 2(c)
preserves the overall characteristics of the video. However, it consists of many undesirable
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Figure 1. Pixel sampling.

Figure 2. Visual rhythms by different sampling schemes.

horizontal lines. Our experience on reading these visual rhythms, indicate that diagonal
sampling of figure 2(a) provides the best visual features for distinguishing various video
edit effects. We will discuss the details of these visual features in Section 3.3. All visual
rhythms presented hereafter are generated using the diagonal sampling.

3.2. Fast generation of visual rhythms

If the digitized video is in its raw form, the construction of its corresponding visual rhythm
will be trivial. However, the digital video is usually compressed due to its huge volume.
But, because many compression schemes use the discrete cosine transform (DCT) for
intra-frame encoding, fast generation of the visual rhythm becomes possible. To be more
specific, Motion JPEG and I-frames of MPEG use the DCT for intra-frame encoding,
where the frames partitioned into 8 × 8 blocks are processed. Each block is transformed
to the frequency domain representation resulting in one DC and 63 AC coefficients. Thus,
the extraction of the DC coefficients can be performed fast, without fully decoding the
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compressed video. Since the DC coefficient is actually the average pixel value of the block
(more precisely, eight times the average, since the transforms are defined as unitary), the
collection of these DC coefficients over the frame can serve as our thumbnail images. Noting
this fact, Yeo and Liu [9] introduce the DC image which consists of the DC coefficients of
the original frame, and a sequence of DC images called the DC sequence.

By accepting the DC image as a thumbnail and the DC sequence as a spatially reduced
video, the thumbnail and the original video are related as shown below:

fThumbnail(x, y, t) = 1

8

7∑

kx =0

7∑

ky=0

fV (8x + kx , 8y + ky, t), x, y, t ∈ {0, 1, 2, . . .}.

Thus, the construction of the visual rhythm is possible without the inverse DCT. We simply
extract the DC coefficients by sampling (the diagonal pixels of) the DC sequence. As for
the P- and B-frames of MPEG, algorithms for determining the DC images from inter-
frame compressed P- and B-frames of MPEG1 [9] and MPEG2 [7] have already been
developed. Therefore, it is possible to generate visual rhythms fast, at least for the DCT-
based compression schemes, such as Motion JPEG and MPEG videos.

3.3. Characteristics of visual rhythm and shot verification

The visual rhythm, an abstraction of a video, is itself a two-dimensional image. It is a
depiction of the entire video, which retains visual features of shot changes. In a visual
rhythm, pixels along a vertical line are those pixels uniformly sampled along the diagonal
of a frame. The vertical lines of a visual rhythm will have similar visual features if the
lines are from the same shot. The lines will have different visual features if they belong to
different shots. Thus, if there is a shot change, shot boundaries will become apparent, as
visual features of the vertical lines will change. Note that the terminology visual rhythm
is quite appropriate as it allows “a user to easily see variations in video content without
actually playing the video sequentially” [12], corresponding to rhythm of the music.

We will now discuss how different shot changes result in different visual features on
visual rhythms. The discussion will illustrate that shot changes as well as different camera
and object motions can be clearly identified visually. Based on these characteristics of
the visual rhythm, it then becomes possible to verify the detected shot changes from an
automatic detection algorithm without playing the entire video repeatedly and sequentially.

Figure 3 shows some typical visual rhythm patterns arising from different types of edit
effects. Figure 3(a) shows the expected pattern on the visual rhythm for an abrupt change
or a cut. Note that a cut will appear as a vertical line on the visual rhythm. If two adjacent
vertical lines of a visual rhythm belong to different shots, their visual difference leads to a
vertical line right at the shot boundary as indicated in figure 3(a).

Figure 3(b) shows a left-to-right horizontal wipe. Note that this particular wipe appears as
an oblique line. Top-to-bottom vertical wipe will also have the same pattern. Both right-to-
left horizontal and bottom-to-top vertical wipes will also appear as an oblique line, but with
opposite slope. However, center-to-outskirts expanding wipe will appear as a curved line, as
shown in figure 3(c). If an incoming shot is uniformly expanded in time, the wipe will appear
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Figure 3. Illustration of edit effects on visual rhythms.

as two oblique lines which have opposite slopes and meet at the center. Outskirts-to-center
absorbing wipe will similarly appear as a curved line, except in the opposite direction. The
important point is that all wipes will generate lines from top to bottom. And if this line is
over a range of frames, instead of a vertical line over a single frame, then the shot change
is probably due to a wipe. Obviously, a straight vertical line over a single frame implies an
abrupt change.

The dissolves, on the other hand, do not generate any distinguishable lines on the visual
rhythm, since during dissolve, every pixel will have characteristics of both outgoing and in-
coming shots. However, the dissolving frames do have a visual feature and will show linearly
increasing or decreasing luminance and chrominance values as indicated in figure 3(d).

Figure 4 shows three visual rhythms generated from real video clips. As explained earlier,
and indicated on the figure, edit effects such as cuts, wipes and dissolves (including fades)
can easily be identified from these visual rhythms. Furthermore, camera motions such as
zoom-ins and zoom-outs, flashlights, object motions can also be identified visually. The
camera and object motions are major causes for false detection and therefore such visual
rhythms will serve the purpose of eliminating false positives during the shot verification
process.

As mentioned earlier, we prefer diagonal sampling over other sampling approaches. This
is partially, if not entirely, due to wipes as we have observed that diagonal sampling results
in visually distinctive patterns on visual rhythms for most commonly used wipes. The
following experiment will indicate that diagonal sampling will result in a least number of
misreadings.

There are hundreds if not thousands of wipes that modern digital video editors can
produce, and a user of the editor may still create an entirely different wipe. However,
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Figure 4. Edits and other effects on visual rhythm.

Figure 5. Types of wipes.

most wipes can be categorized into horizontal, vertical, expanding, absorbing, diagonal and
miscellaneous types. Figure 5 shows these five types of wipes most frequently used during
normal video editing.

As previously described, detection of wipes essentially requires the operator to detect
lines that run from the top to the bottom of the visual rhythm. Table 1 summarizes different
manifestations of the five wipes on visual rhythms for different sampling strategies: hori-
zontal, vertical and diagonal samplings. Each entry in the table describes the different visual
characteristics in the visual rhythm, due to various combinations of wipes and sampling
strategies. For instance, for horizontal sampling, vertical and absorbing wipes will show
vertical lines on the visual rhythm, which then be misread as a cut. Table 1 shows that the
diagonal sampling leads to the least amount of such misreadings. Note that even though
Table 1 shows that diagonal sampling will result in misreading a diagonal wipe as a cut, if
this wipe had been a diagonal wipe along the other diagonal, it will then have generated the
visual rhythm with an oblique line. Then, it would have resulted in a correct reading. In any
case, from the viewpoint of detecting shots, misreadings are much better than missing shots.

Figure 6(a) through (f) shows three different real wipe and animation sequences respec-
tively. The corresponding visual rhythm is shown in figure 6(g). Note the incidental cuts,
or abrupt changes, on the visual rhythm. As expected, abrupt changes appear as a straight
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Table 1. Pixel samplings and visual rhythm.

Horizontal wipe Vertical wipe Expanding wipe Absorbing wipe Diagonal wipe

Horizontal Oblique line Vertical line Curved line Vertical line Oblique line
sampling (cut) (cut)

Vertical Vertical line Oblique line Curved line Vertical line Oblique line
sampling (cut) (cut)

Diagonal Oblique line Oblique line Curved line Curved line Vertical line
sampling (cut)

Figure 6. Miscellaneous wipes and animations.

vertical line on the visual rhythm. The “window wiper,” shown in figure 6(a), results in
a visually distinguishable line on the visual rhythm. The line begins slanted which then
appears to become vertical towards the bottom. As the line is not a straight vertical line, we
may infer that it is due to a wipe. Both expanding and absorbing wipes, shown in figure 6(b)
and (c), also result in visually distinguishable lines (or curves) that run from the top to
the bottom of the visual rhythm. Note that both 2-D and 3-D effects, shown in figure 6(d)
through (f), also result in similar lines that run from the top to the bottom. What is common
here is that all wipes and wipe-like effects including 2-D and 3-D animation (as well as
cuts) manifest themselves as visually distinguishable lines (or curves) that run from the top
to the bottom. Therefore, the operator, upon observation of any such pattern, may zoom-in
towards the frames corresponding to that pattern. The operator may then view and/or play
a certain number of frames surrounding those frames for further assessment. Our proposed
shot verifier, with smartly designed graphical user interface allows the operator for such
operation. The details of the proposed shot verifier will be presented in the next section.
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4. Shot verifier

4.1. Functions of shot verifier

The design of our shot verifier incorporates the visual rhythm to aid the operator to quickly
verify detected shots as well as to find new ones. The shot verifier is expected to run after
the automatic shot detector returns with a list of detected shots. However, it may also be
used by itself to find shots manually. In either case, incorporation of the visual rhythm in
the shot verifier will speed to process. Our shot verifier has following attributes:

• Visual rhythm which express various video effects and shot boundaries
• Frame-accurate display controls
• VCR functions
• Addition and deletion of shot boundaries

We have implemented the shot verifier for Motion JPEG compressed video with the above
mentioned features. The incorporation of the visual rhythm into the shot verifier greatly
enhances the operator efficiency. One quick glance at the visual rhythm allows visual
determination of shot boundaries, as different edit effects will appear as various lines on
visual rhythms. In addition, The visual rhythm can be displayed with time scaling. In other
words, the visual rhythm can be subsampled along time. Figure 7 shows that a visual rhythm
of an eight minutes video clip can be displayed in a single window with most of its visual
characteristics in tact.

4.2. Verification processes

Figure 8 shows the graphical user interface of our shot verifier. With this shot verifier, by
viewing the visual rhythm and using frame-accurate controls, the operator determines the
frames that appear to be candidates for false positives and/or undetected shot boundaries.

Figure 7. A visual rhythm at various time resolutions.
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Figure 8. User interface of shot verifier.

The shot verifier provides a sequence of 90×60 thumbnails to aid the operator for such op-
erations. These thumbnails are sixty-four times smaller than the original 720 × 480 frames.
The shot verifier can also provide the original frames at the user request. In addition, it
provides VCR functions for shot-by-shot playing and frame-accurate random positioning.
With these frame-accurate controls and VCR functions, the operator can manually delete
false positives and add newly found shots. The operator navigates the three major parts of
the interface: the visual rhythm along with certain markers, the list of thumbnails surround-
ing the current frame, and the frame accurate play controls. We describe these individual
parts in detail.

At the top of the interface, the visual rhythm is displayed with automatically detected
shot boundaries marked at their corresponding locations with small inverse triangles or
shot boundary markers. On the upper right corner of the visual rhythm, small buttons for
zooming (enlarging and reducing) and scrolling the visual rhythm is provided. On top of
a visual rhythm, a cursor is provided to indicate the current position (time code or frame
number). By dragging and dropping the cursor at any position of the visual rhythm, the user
can change the location of the current frame.

At the middle of the interface, the thumbnail list of twenty-one frames surrounding the
current frame is displayed. At the center of the list, showing “Shot 183,” is the current
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frame, as indicated by the cursor on the visual rhythm. Other thumbnails, ten above
and ten below, are the frames immediately preceding and following the current frame,
respectively.

At the bottom of the interface, various options/buttons for frame accurate controls are
provided. For instance the operator is able to move the current frame by 1, 5, 30 frames
forward or backward. Recall that the current frame can also be updated by moving the
cursor on the visual rhythm. In any case, such current frame update results in redisplay
of the thumbnail list. When the play button is selected, a new window appears to play
from the current frame. The “Play Range” option indicates whether to play the entire video
or the current shot. Currently, no fast forward nor rewind buttons are provided as we have
provided the random positioning function.

Following the automatic shot detector, the shot verification process may proceed as
follows. If a certain frame appears suspicious, upon viewing the visual rhythm, the cursor is
moved near that frame. For instance, figure 8 shows the visual rhythm where there appears to
be a shot boundary without the boundary marker (inverse triangle). Therefore, the cursor has
been moved near that frame by the drag and drop operation. Then, twenty-one thumbnails
are redisplayed according to this new current frame. Quick glance over the thumbnail
display indicates that the fourth thumbnail is actually the first frame of a new shot, missed
by the automatic detector. False positive shots are detected similarly. In any case, when
detected, deletion and/or addition of shot boundaries is processed with a left mouse button
click, at which a small menu appears as shown in figure 8. The menu is self-explanatory;
it basically provides the mechanics for deleting and adding shot boundaries. Such updates
to shot boundaries result in redisplay of the markers (inverse triangles) on top of the visual
rhythm at the top of the interface. For instance, the user may select “New Shot” to insert a
missing shot or “Delete Shot” to discard a false positive. The user may also select the “Key
Frame” for the current shot (183). Other interface is also available for clustering various
shots in segments and scenes.

To summarize, our shot verifier fully utilizes the visual characteristics of the visual
rhythm. The visual rhythm contains many visually distinguishable characteristics for various
types of video effects, edits and otherwise. Therefore, the user of the shot verifier can quickly
view the visual rhythm along with detected shots. When in doubt the user displays nearby
frames using frame accurate controls. Since this process is relatively quick and in practice,
the result of an automatic shot change detection for an hour long video can be verified
within minutes. This tool is implemented with C and Delphi under Windows NT.

5. Summary

Manual shot verification is the process of correcting the shot boundaries detected by an
automatic detection algorithm. In other words it strives to remove false positive shots and
to find missing shots manually. If automatic shot detection algorithms can find all shot
boundaries without any false positives and undetected shots, there would be no need for
such a verification process. However, it is impossible for such perfect detection and one is
always faced with a trade-off between the detection and false-alarm rates. Thus, the process
of verifying detected shots must be included for accurate video indexing. In this paper, the
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Figure 9. Visual rhythm of a commercial clip. (a) through (i) are dissolves.

concept of visual rhythm is introduced which has led to a fast and easy to operate shot
verifier. The operation of our shot verifier is discussed with a typical scenario for deleting
and adding shot boundaries. The operator efficiency is greatly increased by the incorporation
of the visual rhythm into our shot verifier.

However, not all shot boundaries are clearly visible on visual rhythms. Figure 9 shows
an example visual rhythm with a wipe, several cuts and nine dissolves. The clip also has
several camera zooms. Note that camera zooms maybe mistakenly determined as wipes.
In addition, the dissolves—marked (a) through (i)—are difficult to visually distinguish.
Although (a), (b), (d), (g), (h) and (i) are somewhat recognizable, others are extremely
difficult to recognize as dissolves. As a reference, figure 5 shows thumbnails of the corre-
sponding dissolving frames. Even though there are cases where shot boundaries are not
clearly visible on the visual rhythm, the user, when in doubt, can always review the
doubtful frames of the video via the random access capability using the visual rhythm
itself. Because, the visual rhythm, in addition to providing visually distinguishable pat-
terns for the frames where shot boundaries occur, also provides random entry points into
the video.

If a user wishes to view a particular frame with certain color characteristics, the user,
upon viewing the visual rhythm, can simply move the cursor on the visual rhythm. Once the
cursor is moved, 21 thumbnails about the selected frame will be displayed which can then
be used to quickly determine the nature of the shot. This function of the visual rhythm may
also be applied to application areas such as video editing, browsing, indexing and modeling.
We are actively implementing a complete video indexer, which includes capabilities such as
automatic shot detection, shot verification, hierarchical modeling and browsing. All these
capabilities will be based on the visual rhythm. Currently, our shot verifier only handles
Motion JPEG compressed video, but we are currently extending the verifier to handle
MPEG1 as well as MPEG2.

We have also developed a new automatic shot detection algorithm using our visual rhythm
[4]. The accuracy of our automatic algorithm is similar to other published algorithm for
abrupt changes. However, for gradual changes, our algorithm is able to detect almost all
conventional wipes and most dissolves with small amounts of motion. In any case, there
are no known algorithms to find every shot correctly without false positives. Thus, the need
for a shot verifier cannot be overemphasized and this precisely has been the reason for our
development and presentation of a shot verifier, a tool to systematically verify the results
of an automatic shot change detection. Our current plan is to integrate this automatic shot
detection algorithm with the proposed shot verifier, at which time a quantitative evaluation
of the integrated system will be performed.
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