
1 METHOD AND APPARATUS FOR COMPRESSING A SEQUENCE OF INFORMATION-BEARING
FRAMES HAVING AT LEAST TWO MEDIA COMPONENTS TECHNICAL FIELD 5
This invention relates generally to a method of compressing a sequence of
information-bearing frames, and more particularly to a method of
compressing a sequence of information-bearing frames having at least two
media components such as a video program. BACKGROUND 10
Multimedia sources of information such as video programs are one form of
multimedia data composed of at least two distinct media components. For
example, a video program is composed of a full motion video component and
an audio component. A number of methods are known for reducing the large
storage and transmission requirements of the video 15 component of video
programs. For example, certain compression methods (such as JPEG) take
advantage of spatial redundancies that exist within an individual video
frame to reduce the number of bytes required to represent the frame.
Additional compression may be achieved by taking advantage of the temporal
redundancy that exists between consecutive frames, which is the basis 20
for known compression methods such as MPEG. These known compression 



methods generate a fixed number of frames per unit time to preserve the
motion information contained in the video program. In contrast to the
compression methods mentioned above, other methods compress video programs
by selecting certain frames from the entire 25  sequence of frames to serve
as representative frames. For example, a single frame may be used to
represent the visual information contained in any given    scene of the
video program. A scene may be defined as a segment of the video program
over which the visual contents do not change significantly. Thus, a frame
selected from the scene may be used to represent the entire scene without
losing a substantially large amount of information. A series of 5 such
representative frames from all the scenes in the video program provides a
reasonably accurate representation of the entire video program with an
acceptable degree of information loss. These compression methods in effect
perform a content-based sampling of the video program. Unlike the temporal
or spatial compression methods discussed above in which the frames are 10
uniformly spaced in time, a content-based sampling method performs a
temporally non-uniform sampling of the video program to generate a set of
representative frames. For example, a single representative frame may 



represent a long segment of the video program (e.g., a long scene in which
a person makes a speech without substantially changing position for an 15
extended period) or a very short segment of the video program (e.g., a
scene displayed in the video program for only a few seconds). Methods for
automatically generating representative images from video programs are
known. These methods may detect the boundaries between consecutive shots
and may additionally detect scene changes that 20  occur within the
individual shots. An example of a method for locating abrupt and gradual
transitions between shots is disclosed in Patent Appl. Serial No.
08/171,136, filed December 21, 1993, and entitled "Method and Apparatus for
Detecting Abrupt and Gradual Scene Changes In Image Sequences," the
contents of which are hereby incorporated by reference. A 25  method for
detecting scene changes that occur within individual shots has been
disclosed in Patent Appl. Serial No. 08/191,234, filed February 4, 1994,
3 entitled "Camera-Motion Induced Scene Change Detection Method and
System," the contents of which are also hereby incorporated by reference.
Content-based sampling methods are typically employed for 



indexing purposes because the representative frames generated by such 5
methods can efficiently convey the visual information contained in a video
program. However, these methods fail to convey all the useful information
contained in a multimedia format such as video because they only compress
one media component, namely, in the case of video, the video component,
while excluding the remaining media component (e.g., audio) or components.
10  SUMMARY The present invention provides an apparatus and method for
compressing a sequence of frames having at least first and second
information-bearing media components. The sequence of frames may
constitute, for example, a video program in which the first information- 15
bearing component is a video component and the second information-bearing
component is a dosed-caption component. In accordance with the invention, a
plurality of representative frames are selected from among the sequence of
frames. The representative frames represent information contained in the
first information-bearing media component. A correspondence is then 20
formed between each of the representative frames and one of a plurality of
segments of the second information-bearing media component. The
representative frames, the plurality of segments of the second information-
bearing media component and the correspondence between them are recorded
for subsequent retrieval. 



25             In one embodiment of the invention, the representative
frames are selected by sampling the sequence of frames in a content-based
manner. For example, if the first information-bearing media component is a
video    4 component composed of a plurality of scenes, a representative
frame may be selected from each scene. Additionally, if the second
information-bearing media component is a closed-caption component, a
printed rendition of the representative frames and the closed-caption
component may be provided. 5  The printed rendition constitutes a pictorial
transcript in which each representative frame is printed with a caption
containing the closed-caption text associated therewith. One advantage
provided by this embodiment of the invention is that while the information
embodied in the original format (e.g., a video program) typically requires
additional equipment (e.g., a video 10  cassette recorder and monitor) to
be understood, the information embodied in the printed pictorial transcript
is self-contained and can be understood directly without requiring
additional processing or equipment. In an alternative embodiment of the
invention, a method is provided for displaying a compressed rendition of a
sequence of frames having at 



15  least first and second information-bearing media components. In
accordance with the method, a plurality of representative frames are
received which represent information contained in the first
information-bearing media component. Additionally, a signal is received
that has information that forms a correspondence between each of the
representative frames and a segment of the second information- 20  bearing
media component. Finally, the representative frames and the segment of the
second information-bearing media component are displayed in a manner
determined by the correspondence therebetween. BRIEF DESCRIPTION OF THE
DRAWINGS FIG. 1 is a block diagram of one example of an apparatus for 25
compressing multimedia data in accordance with the present invention.    5
FIG. 2 shows an example of a correspondence table for locating
representative frames and dosed-caption components of a closed-caption
video program. FIG. 3 is an example of one page of a printed pictorial
transcript 5  generated from a television news program in accordance with
method of the present invention. 



DETAILED DESCRIPTION Certain video programs such as television broadcasts
often include a closed-caption component as part of each frame of video.
When 10  decoded, the closed-caption component of each frame contains up to
two alphanumeric characters or control characters. The sequence of these
characters form words and sentences over several or more frames. This text
is typically recovered by a dedicated closed-caption decoder and
superimposed on the frames displayed on a video screen. The text contains
dialog or other 15  information that corresponds to the audio portion of
the program. Details regarding the addition of closed-caption information
to a video source are disclosed, for example, in Report No. E-7709-C by the
Public Broadcasting Service entitled "Television Captioning For the Deaf:
Signal and Display Specifications," by John Lentz et al., May, 1980. 20
The present invention will be described in terms of a method for
compressing a closed-caption video program in which a representative frame
from each scene in the program is combined with the text generated by
decoding the closed-caption component of the video program. As used herein
the term video is not limited to any particular video standard but rather
refers 25  to any sequence of frames having at least two
information-bearing media components, one of which is a visual information
component. The frames may be recorded in any format, including film,
conventional video, or various 



6 electronic forms such as a computer memory. The term frame refers to the
atomic elements of recorded information for all the media components
employed in connection with a particular format. While the present
invention will be described in terms of a 5  method of compressing a video
program having a closed-caption component, it will be understood by one of
ordinary skill in the art that this method is equally applicable to any
source of multimedia information having at least two media components. For
example, the method may be employed to compress a video program having a
video component and an audio 10 component. The audio component may include
speech and other auditory information such as music, for example. If
desired, the audio component may undergo a speech-to-text conversion
process so that a pictorial transcript as described below may be generated.
FIG. 1 shows a block diagram of an apparatus 2 for compressing 15
multimedia data in accordance with the present invention. For purposes of
illustration the apparatus 2 will be described as receiving a video input
from a video input source 1 such as a video tuner connected to an antenna
or cable 



television, a video-cassette recorder, or any other source capable of
providing video and closed-caption information. The apparatus 2 is composed
of a 20  scene change detector 4, a dosed-caption decoder 5 and a digital
computer 8. The scene change detector 4 operates on the video signal
received from the input source 1 to generate a representative frame for
each scene in the video signal. Scene change detectors that select
representative frames are known and examples of such are provided in the
above-mentioned references that are 25  incorporated by reference. The
representative frames each contain visual information representing the
visual information content of an entire scene. The scene change detector 4
may include an image digitizer for digitizing the    input if an analog
input source is employed rather than a digital input source. The
representative frames extracted by the scene change detector 4 are
transmitted to the digital computer 8. The closed-caption decoder 5, which
also receives the video signal from the input source 1, extracts the
closed- 5  caption characters from the video signal and transmits them to
the digital computer 8 in decoded form. The digital computer 8 stores the
representative frames and the closed-caption information in a retrievable
format in, for example, the main memory 9 or the hard disk 10. As described
in more detail 



below, the digital computer 8 also establishes a correspondence between
each 10  representative frame and a segment of the closed-caption
information by constructing a correspondence table. The representative
frames and closed- caption component may be subsequently retrieved and
directed to a printer 12 or a display 13, or alternatively, transmitted
over a communications network 14. 15             A content-based
compression method that generates a single representative frame for each of
the N scenes in a video program will retain N representative frames I[err]
through I[err]. Examples of such compression methods are disclosed in the
above-mentioned references that are incorporated by reference. Since each
representative frame represents the visual information 20  contained in a
single scene, each representative frame has associated with it a time
interval equal to the length of the scene from which the frame is selected.
For example, the time interval associated with representative frame I[err]
begins with the detection of the ith scene boundary and ends one frame
prior to the detection of the (i+1)th scene boundary. The series of
consecutive frames 25  constituting the scene from which the representative
frame I[err] is selected is denoted VS[err]. Accordingly, the set of N
representative frames I[err] through I[err] divide the video program into N
non-overlapping visual segments VS1   



8 through VSN and each representative frame Ii is associated with visual
segment VS[err]. Since each frame of the video program is associated with a
portion of the closed-caption component, each of the series of frames 5
constituting visual segment VS[err] is associated with a dosed-caption
segment denoted TS[err]. Accordingly, when the method of this invention
divides the video program into N visual segments VS1 through VSN each being
characterized by a single representative frame, it will also divide the
closed- caption component into N segments. The closed-caption component may
be 10  divided into segments, for example, by time-stamping the
closed-caption component as it is received by the computer 8 each time a
new visual segment is detected by the scene change detector 4. The N
dosed-caption segments TS[err] correspond in a one to one-manner with the N
visual segments VS[err]. This correspondence between the representative
frames of each visual segment VS[err] 15  and the N closed-caption segments
TS[err] may be established by a correspondence table such as shown in FIG.
2. The correspondence table 21 employs a frame memory 22 and a text memory
23 which are located in the digital computer 8. The frame memory 22 stores
the representative frames I[err] through I[err] produced by the 



20  scene change detector 4 and the text memory 23 stores the
closed-caption segments TS[err] through TS[err]. The correspondence table
21 has at least two columns and N rows for the N representative frames. The
first column 26 of the table contains information that points to frames
I[err] through I[err]. This information may be in the form of a pointer
(denoted in FIG. 2 as frame 25  pointers PI[err] through PI[err]) that
points to the location of the representative frames stored in memory 22.
For example, pointer PI[err] points to representative frame I[err] located
in row 1. This information is sufficient to    9 determine the beginning
and end locations of the frames in the memory 22 if the frames are of fixed
size. In the event the frames are of variable size, the end of frame I[err]
can be determined with pointer PI[err], assuming the frames are stored in
sequential order in consecutive memory locations. The second 5 column 27 of
the correspondence table contains information that points to the
closed-caption segments TS1 through TSN. Similar to the first column of the
table, information pertaining to frame I[err] is contained in row i of the
second column 27. This information also may be in the form of a pointer,
referred to as closed-caption pointer PT[err], which points to the location
of closed-caption 



10  segment TS[err]. The end of the closed-caption segment TS[err]
associated with frame I[err] can be located with pointer PT[err]. FIG. 2
shows two additional pointers that may be employed, an image end pointer
26, and text end pointer 27, which indicate the end of the Nth
representative frame and Nth closed- caption segment, respectively. 15
The organization of the correspondence table is not limited to the example
described above. One of ordinary skill in the art will recognize that the
correspondence table may be implemented in any desired manner to ensure
that each representative frame is properly correlated with its associated
closed-caption segment so that both components are readily 20  retrievable.
For example, the correspondence table may contain additional columns for
storing information such as the size of the representative frames and the
closed-caption segments, the frame numbers that indicate the beginning and
end of each visual segment, the length of each scene, or the number of
characters in the closed-caption segments. Alternatively, each 25
representative frame and the closed-caption segments associated therewith
may be stored as individual files. In this arrangement the entries in the
10 



columns of the correspondence table will identify the location or name of
each file. Once the representative frames and closed-caption segments
constituting the compressed video program have been extracted from the 5
original video program and the correspondence table prepared, the data may
be recorded in any convenient manner for subsequent retrieval. Thereafter
the data may be printed, displayed or transmitted in any desired format.
For example, the data may be printed, displayed, or transmitted in the form
of a pictorial transcript in which a series of representative frames are
each 10  provided with captions of the closed-caption text. An example of a
pictorial transcript format is shown in FIG. 3 for a portion of television
news program. The transcript may be printed with a commercial text
processing package that is capable of conveniently incorporating pictures
into text. Prior to printing the pictorial transcript, it may be necessary
to 15  remove non-printable control characters contained in the
closed-caption signal which are used to control display functions. These
characters control such features as the color of the displayed characters,
the font, and the location of the text line on the display screen, for
example. In addition to being non- printable, the control characters may
adversely effect the proper division of 20  the closed-caption component
based on individual scenes in the manner described above. In particular,
the control characters may cause the text 



contained in the closed-caption component to be divided in the middle of a
sentence. This improper division of the closed-caption component may occur
for other reasons as well, including improper synchronization between the
25  video component and the closed-caption component, for example. Improper
synchronization may occur because of a delay in the detection of a scene
boundary or a delay in transmitting the closed-caption component to the
digital computer. Regardless of the reason for the improper division, it
may be desirable to process the raw text to remove the control characters
and shift the boundary between adjacent closed-caption segments so that
word fragments are merged into complete words and sentence fragments are 5
merged into complete sentences. Word fragments may be readily identified by
locating characters that fall on opposite sides of a dosed-caption pointer
which are not separated by an appropriate character such as space. These
characters then may be joined to form complete words. Similarly, sentences
fragments may be identified by locating words on opposite sides of a
closed- 10  caption pointer which are not separated by a character such as
a question mark, exclamation mark, or a period. These fragments are then
merged into a single sentence. The closed-caption pointer in then adjusted
accordingly to 



include complete words and sentences in the text which are associated with
a single representative image. 15             Rather than removing the
control characters, the control characters may be replaced with another
character or characters that can be properly interpreted in subsequent
processing stages such as the text processing stage. For example, a control
character that is used to change the font or the color in the
closed-caption display window may be replaced with 20  the corresponding
font change command used in the text processing package that is employed.
The characters transmitted in the dosed-caption component of a video
program are typically all transmitted in the upper case. Accordingly, in
addition to removing or replacing control characters prior to printing the
25  pictorial transcript, it may desirable to first process the raw text
extracted from the closed-caption component to convert some of the upper
case characters to lower case in a manner consistent with ordinary printed
text.    12 This processing may be accomplished in a number of ways. For
example, the upper case characters may first all be converted to lower case
characters. The 



first character following a punctuation character such as a period or
question mark is then capitalized. Finally, many proper nouns that require
capitalization may be located in an electronically stored dictionary. The
text in the example of a pictorial transcript shown in FIG. 3 has been
partially processed in this manner. The characters were all converted from
upper case to lower case and the first character following a period
capitalized. As is apparent from the figure, proper nouns have not been
capitalized.    13 1. A method of compressing a sequence of frames having
at least first and second information-bearing media components, said method
comprising the steps of: selecting a plurality of representative frames
wherein said representative frames represent information contained in the
first information-bearing media component; forming an association between
each of the representative frames and a segment of the second
information-bearing media component; and recording said representative
frames, said segment of the second information-bearing media component and
the association therebetween. 



2. The method of claim 1 wherein the step of selecting representative
frames comprises the step of performing a content-based sampling of the
sequence of frames to select the representative frames. 3. The method of
claim 2 wherein the first information-bearing media component is a video
component. 4. The method of claim 3 wherein the video component includes a
series of scenes and the step of performing a content-based sampling to
select the representative frames comprises the step of selecting a
representative frame from each scene. 5. The method of claim 3 wherein the
second information-bearing media component is a closed-caption component.
6. A method of compressing a sequence of visual information- bearing frames
having a closed-caption component representing textual information
associated therewith, said method comprising the steps of:    dividing the
sequence of frames and closed-caption component into a plurality of
segments; retaining a representative frame from each segment; retaining the
closed-caption component of each segment; and 



5        recording the representative frame and the closed-caption
component for each segment. 7. The method of claim 6 wherein the step of
dividing the sequence of frames comprises the step of performing a
content-based sampling of the sequence of frames to select the
representative frames. 10              8. The method of claim 6 or 7
wherein each segment constitutes a single scene. 9.  The method of claim
8,further comprising the step of decoding 15 the closed-caption component.
10. The method of claim 9 further comprising the steps of generating and
recording a correspondence table for locating the segment of the
closed-caption component associated with each representative frame. 11. The
method of claim 10 further comprising the step of generating 20 a printed
rendition of the representative frames and closed-caption component for
each scene to provide a printed pictorial transcript.    -  15  - 12. The
method of claim 10 further comprising 5 the step of displaying the
representative frame and closed- 



caption component for each scene to provide a pictorial transcript. 13. An
apparatus for compressing a sequence of frames having at least first and
second information-bearing media components, comprising: means for
selecting a plurality of representative frames representing 10 information
contained in the first information-bearing media component; means for
forming a correspondence between each of the representative frames and one
of a plurality of segments of the second information- bearing media
component; and means for recording said representative frames, said
plurality of 15 segments of the second information-bearing media component
and the correspondence therebetween. 14. The apparatus of claim 13 wherein
the selecting means comprises means for performing a content-based sampling
of the sequence of frames to select the representative frames. 20
15. The apparatus of claim 14 wherein the selecting means comprises a scene
change detector. 16. The apparatus of claim 14 further comprising means for
decoding the second information-bearing component.   




