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PanoramaExcerpts: Video Cataloging by Automatic
Synthesis and Layout of Panoramic Images*

SUMMARY  Browsing is an important function supporting
efficient access to relevant information in video archives. In
this paper, we present PanoramaExcerpts — a video browsing
interface that shows a catalogue of two types of video icons:
panoramic and keyframe icons. A panoramic icon is automat-
ically synthesized from a video segment taken with camera pan
or tilt using a camera parameter estimation technique. One
keyframe icon is extracted for each shot to supplement the
panoramic icons. A panoramic icon represents the entire visi-
ble contents of a scene extended with a camera pan or tilt, which
is difficult to represent using a single keyframe. A graphical rep-
resentation, called camera-work trajectory, is also proposed to
show the direction and the speed of camera operation. For the
automatic generation of PanoramaExcerpts, we propose an ap-
proach to integrate the following: (a) a shot-change detection
method; (b) a method for locating segments that contain smooth
camera operations; (¢) a layout method for packing icons in a
space-efficient manner. In this paper, we mainly describe (b)
and (c) with experimental results.

key words:  wvideo handling, video browsing video analysis,
panoramic tmage, 1mage mosaic

1. Introduction

The amount of digital video information is rapidly in-
creasing according to the development of digital video
technologies and storage devices. The more video infor-
mation is accumulated, the more difficult it becomes to
find the desired information. A video browsing inter-
face, which allows users to efficiently access videos, is an
important component in digital video applications such
as video libraries and nonlinear video editing systems.

One approach to generate a video browsing inter-
face is to display a catalogue of keyframes [2] extracted
from a video. The important issues are to extract
keyframes that well represent the video contents, and
to present the keyframes in such a way that users can
see the temporal context and have an overview of the
entire video.

Many methods have been proposed for selecting
keyframes from a video. One common approach is to
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(a)

Fig.1 Limitation of the keyframe extraction approach: (a) in-
put image sequence, (b) the panoramic image created from (a).

segment the video into shots and to select one or several
keyframes from each shot [1], [10], [15]. A trivial method
is to select the first frame of a shot as its keyframe. To
select more representative keyframes, some researchers
have proposed the use of motion analysis [11] and color
features [23]. The repetition of shots was detected to
reduce the redundancy of keyframes [5], [22].

One limitation of these approaches is that it is not
always possible to select keyframes that well represent
the entire image contents. Figure 1 (a) shows an im-
age sequence with a camera tilt; no single frame in the
sequence can represent the entire contents.

The solution we propose is to synthesize a
panoramic image by composing a sequence, as shown
in Fig.1(b), and using it as the representative image.
The panoramic image intuitively represents the entire
contents of the sequence. Our approach is to synthe-
size representative images and not to select keyframes
as in conventional methods. In this paper, we propose
the video browsing interface, PanoramaExcerpts, which
shows a combination of keyframe and panoramic icons,
and the system to automate the generation.
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The use of panoramic images for video brows-
ing has previously been mentioned [2], [7],[12], [17],
[20]. Massey and Bender [7] applied panoramic images,
which they called salient stills, to the generation of a
comic book from a video. Their system requires user’s
manual inputs to select segments for constructing the
salient stills, and is not suitable for video browsing. To
our knowledge, none of the implemented systems thus
far fully automate the process of enumerating and syn-
thesizing panoramic images from a video.

Panoramic image synthesis, also known as image
mosaicing, has been applied to virtual reality [18], video
compression [4], video reuse[7], 3D scene reconstruc-
tion, and moving object recognition [14]. Many tech-
niques have been developed [3], [9], [17]; however, most
existing methods aim at generating high-resolution
panoramic images, and assume as input a “contigu-
ous image sequence taken in a controlled environment.”
In contrast, we deal with “long edited videos.” The
problem is that edited videos contain noise, such as
object motion and camera vibrations; this means that
the estimated camera parameters are not always reli-
able for all shots. To automatically extract visually
good panoramic images, we must first detect smooth
camera operations, as distinct from camera vibrations.
Smith et al.[13] used motion vectors to detect and clas-
sify camera operations.

The integration of panoramic icons with video
browsing interfaces leads to another problem: panora-
mic icons have irregular shapes according to camera
operation, while keyframe icons are all rectangular and
of the same size. To generate a compact catalogue view,
we also propose a method for packing icons while main-
taining temporal order.

This paper is organized as follows: Sect.2 gives an
overview of the Panoramakxcerpts system. Sections 3,
4, and 5 propose methods for generating panoramic
icons, for visualizing the speed and direction of cam-
era operations, and for packing icons in a window, re-
spectively. The experimental results are also reported.
Section 6 discusses the PanoramaExcerpts system in
terms of interface and processing efficiency.

2. PanoramaExcerpts Generation Process

The generation of PanoramaExcerpts consists of the
following steps (Fig. 2):

1. Shot-change detection: An input video is seg-
mented into shots by detecting shot changes such
as cuts and dissolves.

2. Camera parameter estimation: For each shot, the
camera parameters are estimated.

3. Detecting stable camera operations: Using the es-
timated camera parameters, we detect segments
from which panoramic icons can be constructed;
these segments contain stable camera pan, tilt, and
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Fig.2 Overview of the PanoramaExcerpts system.

zoom operations.

4. Panoramic icon synthesis: For each stable cam-
era operation segment, a panoramic icon is con-
structed by composing the image sequence in the
segment.

5. Keyframe extraction: For each shot with no stable
camera operation, a keyframe icon is extracted —
currently the first frame of the shot.

6. Icon layout: The panoramic and keyframe icons
are laid out in a window so that screen space is
efficiently used while maintaining temporal order.

The distinct steps in the proposed system are 3 and
6. Step 3 is important to extract visually good panora-
mas. Step 6 is needed to generate compact catalogue
views. Sections 3 and 5 describe steps 2 through 4 and
step 6, respectively.

Step 1 is implemented using the method described
in ref. [16]. The method detects shot changes including
dissolves and fades.

3. Generating Panoramic Icons

The process of synthesizing panoramic icons consists of
the following four steps: camera parameter estimation,
detecting stable camera operations, camera operation
classification, and panoramic icon synthesis. The fol-
lowing sections detail these steps.

3.1 Camera Parameter Estimation

Let f(z,y) and f’(z,y) be two consecutive images in a
video. The camera model used here is
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(@', y) = (az, ay) + (da, dy), (1)

where (z,y) and (2, y’) are corresponding points in im-
ages f and f’, respectively. This model accounts for fre-
quently used camera operations — pan, tilt, and zoom;
parameters a, d, and dy correspond to zoom, pan, and
tilt, respectively, where the origin of the coordinate sys-
tem is the center of the image. Equation (1) approxi-
mately models camera pan, tilt, and zoom operations
under the condition that the focal length is sufficiently
large. We use this simple camera model because we
place greater importance on computational efficiency
than the accuracy of the estimated parameters.

To compute the dissimilarity between images f and
f', the mean square error (MSE) is defined as follows:

MSE() =+ S {fwy) - @)

(z,y)

where 6 = (a,d,,d,), the summation is taken for all
overlapping pixels, and N is the number of pixelst.
The parameter 6 that minimizes MSE(6) is found using
the coarse-to-find strategy [4] for efficient minimization:
Image pyramids are constructed for frames f and f'.
Low-resolution images are used to find the coarse esti-
mate, and then higher resolution images are utilized to
improve the accuracy.

3.2 Detecting Stable Camera Operations

We detect a stable camera operation segment when
time interval I = [s, e] satisfies the following three con-
ditions:

e Duration: a camera operation lasts for more than
a specified period of time D, i.e., e — s > D;

e Smoothness: The camera operation is smooth,
ie., 6;-0;,_1 >0, t € I, where 0, is the camera
parameter estimated at time ¢;

e Goodness of fit: M SE minimized by the estimated
parameter 6; is sufficiently smaller than that with-
out minimization; specifically,

MSE(6,)/ MSE(0) < T, t€l, (3)

where T is a threshold, and 0 < T < 1.

3.3 Camera Operation Classification

Detected stable camera operation segments are classi-
fied into pan, tilt, zoom, or a combination of these. The
amount of translation and zoom in a segment are used
in the classification. When the total amount of transla-
tion along the x direction exceeds a certain threshold,
it is decided that the segment includes camera pan.

2041

3.4 Panoramic Icon Synthesis

A panoramic image is synthesized for each stable cam-
era operation segment. A seamless panoramic image is
composed by overlapping the image sequence after the
images are translated and scaled according to equation
(1), and the estimated camera parameters are substi-
tuted. Overlapping pixels are overwritten by the latter
image. A zooming image sequence is spatially scaled
in such a way that the image showing the widest angle
of view is of a predefined size, so that all the resulting
icons have similar sizes.

3.5 Experimental Results

The number of stable camera operations detected by
the proposed method is compared with the number of
manually detected ones, and the result is shown in Ta-
ble 1. We investigated only camera operations that last
more than one second. The precision P and recall R
measures are defined as:

P=(T-M-F)/(T—M), R=(T-M)/T,

where T, M, and F are the numbers of stable cam-
era operations, missed detections, and false positives,
respectively. A combination of panning and tilting is
counted as both a pan and a tilt. When a stable cam-
era operation is detected as two camera operations, it
is regarded as a false positive. As shown in Table 1, the
proposed method can detect over 90% of stable camera
operations in terms of the precision measure. A camera
operation segment is missed when the camera follows an
object that occupies a large portion of the frame. The
recall rate of zoom operations is low compared with
those of pans and tilts, because the change caused by
zoom is so slight that the goodness-of-fit condition is
not always met.

The goodness-of-fit condition (3) was found to be
useful in reducing false detection. Without this condi-
tion, eight additional false positives were detected for
the video data “Greece.”

The extraction of panoramic icons failed in the
following situations. Two camera operation segments
were sometimes detected as one because the bound-
ary was not detected as a shot change; Fig. 3 (a) shows
a panoramic image wrongly synthesized by combining
two shots. Conversely, it was sometimes observed that
one camera operation segment was divided into two, be-
cause the continuity of operation was wrongly judged;
this produced two panoramic icons from a single cam-
era operation. It seems preferable to adjust threshold

TMore specifically, for each pixel (x,y) in image f, the
corresponding pixel (z’,y’) is calculated with equation (1);
if pixel point (z',7’) is in image f’, the summation is taken
with equation (2), otherwise the pixel is ignored. N is the
number of pixels summed.
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Table 1 Precision P and recall R measures of the camera operation classification
method. T, M, and F' denote the numbers of camera operations, false negatives, and
false positives, respectively.

source pan tilt zoom

T ] MR ] F(P) T] MR ] F(P) | T[] MR ] F(P)
Greece || 33 2(94%) | 0(100%) | 18 | 0(100%) | 0(100%) 6 | 2(67%) | 0(100%)
CNN 8 2(75%) | 0(100%) 5 | 0(100%) | 0(100%) | 11 | 2(82%) 2(82%)
India || 24 | 0(100%) 2(92%) | 17 2(88%) 1(94%) | 12 | 6(50%) | 0(100%)

(a)

Fig.3 Examples of inappropriate panoramic icons: (a) a
panoramic icon wrongly generated by combining two consecu-
tive shots, (b) a panoramic icon in which the bus is longer than
an actual one, due to motion.

T so that a high precision ratio may be obtained, as
false positives have a more negative effect on the sys-
tem than false negatives.

Object motion may cause the following problems:
(i) estimated camera parameters could be erroneous,
and (ii) synthesized panoramic images could be dis-
torted. In terms of (i), due to the goodness-of-fit con-
dition (3), camera operations containing significant ob-
ject motion were judged unstable, and panoramic icons
were not synthesized. In terms of (ii), the distortion
was sometimes strikingly visible, particularly when the
object was moving across the frame boundary. Fig-
ure 3 (b) shows another example of a wrongly gener-
ated panoramic icon, in which the bus is shown longer
than an actual one because the moving bus is on the
boundary of the frame.

4. Camera-Work Trajectory

Panoramic icons synthesized as described in the previ-
ous sections indicate the type of camera operation by
their shapes; however, the direction and the speed are
not represented. It is important to represent this in-
formation as an aid in finding video footages for video
editing. In this section, we propose a graphical repre-
sentation, called camera-work trajectory, for intuitively
visualizing information related to camera operations
obtained in the camera parameter estimation step.
The PanoramaExcerpts system switches visualiza-
tion schemes depending on the classification result of

Fig.4 Visualization of camera operations: (a) for shots with-
out zoom operation, and (b) for shots with zoom operation.

a camera operation. For camera operation segments
without zooming, as shown in Fig. 4 (a), an arrow orig-
inating at the center of an image indicates the direction
and speed of the camera pan. For zooming segments,
as in Fig.4 (b), arrows originating at the four corners
of the frame are used to represent the scale change.

There is little work available on the visual rep-
resentation of camera-work attributes. VideoSpace-
Icon [20] uses a 3D icon to show the camera-work at-
tributes, and Ueda et al.[21] used a diagram drawn on
keyframe images.

The novel point of our method is that it represents
both camera operation information and visual contents;
panoramic icons show visual contents taken with cam-
era operations.

5. Icon Packing

Many techniques have been developed for laying out
icons for efficient video browsing: simply displaying
multiple icons in a window [19], [21], VideoMagnifier [§]
which provides hierarchical views, and VideoPoster [22]
which controls the size of icons depending on their rel-
evance. These techniques allow the removal or the re-
sizing of icons for a compact browsing interface.

In this section, we propose a method for packing
icons within a two-dimensional region (e.g., in a win-
dow) in a space-efficient manner; we do not deal with
layouts that allow resizing and removal. Panoramic
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Fig.5 Layout generated by (a) method A, and (b) our pro-
posed method.

icons have different shapes and sizes depending on the
camera operation represented, so that effective icon
packing is necessary for efficient browsing.

A naive layout method, called method A, which
places icons from left to right in multiple lines, produces
large dead spaces as shown in Fig. 5 (a).

Our proposed method allows a line to be subdi-
vided into multiple rows, as illustrated in Fig.5 (b) for
efficient space utilization.

The packing problem in general has been well stud-
ied [6], and many methods have been developed. They
have primarily been developed for non-interactive ap-
plications, such as VLSI design, and not suitable for
our purpose. Our requirements are (i) to preserve the
temporal order of icons, and (ii) to be sufficiently com-
putationally efficient for interactive use.

5.1 Proposed Method

In this subsection, we describe the detailed procedure
for packing icons. Let us consider rectangular pieces R;,
1=1,..., N, each of which corresponds to the bound-
ing box of an icon; IV is the number of icons, and the
edges of R; are parallel to those of the window. For
simplicity, we consider the problem of packing R; in a
window whose width is fixed W and whose height is un-
limited. We place icons from the top-left corner under
the condition that temporal order is preserved.
The procedure is as follows:

1. Initialize occupied region O = ¢. Occupied region
O has a step-like shape as shown in Fig. 6, and thus
can be specified by its step corners s; = (z;,y;),
j=1,...,Ns. Note that the origin of the coordi-
nate system is the top-left corner of the window.
Initially, (z1,y1) = (0,0), and N, = 1.

2. For each piece R;, i =1,2,...,N:

2.1. For each step corner(z;,y;), 7 =1,2,..., Ng:
Let D; be the region of dead space produced
by placing R; justified at the j-th step cor-
ner (xj,y;), as depicted in Fig.6. D; con-
sists of two separate regions, where the subse-
quent pieces are prohibited from overlapping.
If there is not sufficient space to place R;, i.e.,
if W(R;) > W — x;, then let D; = oo, where
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Dead space Dj

W(R,
sp=(x,0) ®)

Fig.6 Dead space D; generated by placing rectangle R; justi-
fied at the j-th step corner (zj,y;).

W (R;) denotes the width of R;.

2.2. Find the placement that minimizes Dj, i.e.,
j* = argmin; |D,|, where |D;| denotes the
area of dead space Dj;

2.3. Place R; justified at the j*-th step corner;

2.4. Update occupied region O = O U R; U Dj-,
and the corresponding step corners (z;,y;)
and N O Return to step 2.1.

5.2 Experimental Results

To compare our method with method A, we define the
packing ratio PR = H (proposed)/H (method A), where
H(proposed) and H(method A) denote the heights of
the layouts as generated by our proposed method and
that of method A, respectively. Packing ratios below
one indicate that our method is better than method A.
Note that our method is not assured of yielding optimal
results; our method may provide a worse layout than
method Af.

First, we tested our method on randomly gener-
ated data sets. We generated 100 data sets of 500
pieces, whose width and height were randomly selected
from 0 to 100; the packing ratio was measured for each
data set by varying the window width from 100 to 600.
The experimental results are shown in Fig.7 (a). The
vertical axis corresponds to the packing ratio. Our
method yielded better results than method A for all
data sets regardless of the width of the window.

Next, we tested our method on a real data set,
containing 131 keyframe icons, 80 by 60 pixels in size,
and 47 panoramic icons of different extents. The results
are shown in Fig. 7 (b). As the window width increased,
the packing ratio decreased to about 0.85. This means
that about 15% of the screen space was saved using our
method.

TFor instance, the packing ratio exceeds one when
it packs two rectangles R; (width=2, height=1) and
Ry (width=1, height=2) in a window (width=3).
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Fig.7 Packing ratio measured on: (a) randomly generated data sets, and (b) a real
data set.
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Fig.8 PanoramaExcerpts interface.

terface generated from a travelogue on Greece. The

6. Discussion PanoramaExcerpts interface has the following features:

e a panoramic icon efficiently represents the entire
visible contents of the shot;
e a panoramic icon represents the type, direction,

6.1 PanoramakExcerpts Interface

Figure 8 shows an example of a PanoramaExcerpts in-
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and speed of camera operation with shape and
camera-work trajectory.

e the succession of icons shows the global structure
of the video, in other words, the context.

The effectiveness of the PanoramaExcerpts inter-
face depends on the category of target videos. We
generated PanoramaFExcerpts for a variety of videos.
For categories of video that contain many cam-
era operations, such as travelogues and dramas, the
PanoramaExcerpts interface is very effective. The 15-
minute travelogue, which consists of 180 shots, contains
43 camera pans and tilts. Our system correctly iden-
tified 41 out of 43 camera operations, and produced
panoramic icons. For other genres of videos, such as
commercials and news programs which contain fewer
camera operations, the PanoramaExcerpts interface is
almost equivalent to a conventional catalogue of only
keyframe icons.

The temporal order of icons was easily recognizable
in most cases. However, when there were many camera
pans and tilts in the sequence, some difficulty might
occur.

Our prototype system supports functions such as
replaying a video segment by clicking on the icon, edit-
ing the configuration of icons, and deleting redundant
icons.

The proposed PanoramaExcerpts can be regarded
as a first step toward reconstruction from a completed
video “storyboard,” which is a communication tool
commonly used in the video production process. The
video storyboard is an ideal form of video summary,
and if it could be automatically reconstructed, it would
be useful for efficient video browsing.

6.2 Processing Time

The time needed for generating the PanoramaExcerpts
was less than the 70% of the duration of the input video,
when images of 160 by 120 pixels were processed at a
rate of 10 frames per second with a Pentium IT 300 MHz
personal computer. The original video was encoded
in Motion JPEG format. The prototype system can
process video signals such as TV broadcast in real time,
and can be applied for real-time video indexing.

The time needed for packing icons was short com-
pared with that needed for redrawing images.

7. Conclusion

We proposed the PanoramaExcerpts interface and
presented the methods for generating and packing
panoramic icons. We described the results showing the
effectiveness of the PanoramaExcerpts interface. The
proposed system has been proved sufficiently accurate
and efficient for practical use.

Topics for further research include the develop-
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ment of video analysis techniques, such as motion anal-
ysis, to extract more effective representative images.
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