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1 NETHED #ND APPARATUS FOR CCNPRESSING A BEQUENCE OF | NEORVATI ON- BEARI NG
FRAI\/ES HAVI NG AT LEAST TWO MEDI A COVPONENTS TECHNI CAL FI ELD 5
Thisiinvention relates generally to a nmethod of conpressing a sequence of
i nformati on-beari 3\% franes, and nore particularly to a nethod of

conpressing a seqMEIEIQD ANIBARPABATUSFQR €O ES&NIQ]AQSEMQENO
BACKGROUND 1
Vol t e b sour QEINEORMATION BEARING IR AMES TAYING 8 TEEASTTHOM of

mul ti medi a data conposed of at W di a conmponents. For
exanple, a video programis conﬂ@lé %H%ngn vi deo conponent and
an audi o conponent. A nunber of nethods are known for reducing the |arge
storage and transm ssion requirenents of the video 15 conponent of video
programs. Fog tﬂL £f Eﬁi n conpression methods (such as JPEG take
advant age of Spa[IaI redundanci es that exi st withi n an I ndi vi dual video

frame to ¢educe the nu
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for known conpression nethods such own co ression
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 advantagé of spatial redundancies that exist within an
individual video frame to reduce tha 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



met Fiod;s generate a fixed number of frames?per unit tine.to preserve the
nmotion'information contained in the video program In contrast to the
conpressi on net hods nmenti oned above, other nethods conpress video prograns
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as representative Tranes. exanp g e use (0]

represent t h@idék%gréﬁf&ié?%ﬂﬂggft@%%gis‘@ghﬂsefehgsﬂﬁ PS% 1‘_}‘?‘2{}!% sigfRendf. the

vi deo program scéne may be I ne eo0 pr-ogram

over Whi ch t#Ryy iSHameSeRe Broft? thiPdcenb ABFLE uggdftéfeglﬁééht thoedure frame

selected fromthe scene may be used to repriesent the tire scene wthout

l'osing a subgdepptwithoiit lodfripta SBitaAtislly 10756 hfffurof ifforiation. K séricih
representative franes fromall the scenes’in the video program provides a

reasonably asudh répresematieefranidsdromfall the seahey it theddéded pragram prdviides
acceptabl e degree of information |oss. These conpression nethods in effect

perform a coatreasonabbeaccuzatelrepresehtation of the @ntire yiden prdgramewithant enpor al
or spatial conpression nethods di scussed above in which the franes are 10
uni form y spaceptable degree of informatiorvloss.d Thesptaompressiononethadsdneffeat
tenporal |y non-uni form sanpling of the video programto_generate a set of
represent at i p@rfonarae@ntﬁatqgesaﬁlgﬁmmpli@g of the @ @mr@gmaugrﬂ&eftha fempgyal
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 i)rogram 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 gubsmnﬁally changing position for an
15 extended period) or a very short segment of the video program (e.g., a scene
displayed in the video prog'rax.h'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,



repfesf,entf a long segnent of the video proyram (e.g., a l.ong scene in which
a person nakes a speech without substantially changing position for an 15
ext ended period) or a very short segnent of the video program(e.g., a
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3 entitled "Canera-Mtion Induced Scene Change Detection
System " t hecorstairedtin oinultinediafameltsachas sided P&AUBE ﬂ@éf&ﬂwomﬁ&ss? nce.
Cont ent - based sanpling nethods are typically enployed fo

one media component , namely, in the case of video, the video component,
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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 closed-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



i ndexi ng .pur poses because the representatjve franes generated by such 5

efficiently convey the visual information contained in a video
program However, these nethods fail to convey all the useful information
contained in a nmultimedia format such as video because they only conpress

met hods can

one nedi a coogmpentnt coanposed ofa pheraliisef stenis, daepréseatatividramemanbet ,

whi | e excl udi ng the remal ni ng nedi a conponent (e.g.,
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a conponen e correspondence

for subsequegig ! g\id&yplogram) typically requires additional equipment (e.g., a video

10

15

‘cassette recorder and monitor) to be understood, the information embddied in

the printed pictorial transcript is self-contained and can be understood |
directly withouf reqﬁiring 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 |
least first and se;:ond information-bearing media éomponents. In accordance with
the method, a plurality of representative frames are received which represent |
information contained in the first infofmaﬁon-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

25

bearing media component. Finally, the representative frames and the segment of the -

second information-bearing media cdmponent are displayed in a manner detei‘_mined
by the correspondence therebetween. |
BRIEF DESCRIPTION OF THE l_jRAWINGS

FIG. 1 is a block diagram of one example of an apparatus for

compressing multimedia data in accordance with the present invention.

are recorded



25 L I n one enbodi nent of the igivention, the representative
frames are selected by sanpling the sequence of frames in a content-based
manner. For exanple, if the first information-bearing nmedia conponent is a
vi deo 4 conponent conposed of a plurality of scenes, a representative
frame may be sel ected FIGr2 skiowis anerampheldof 4 icornrespondéricetthblefot dting

I nformati on-bearing nmedi a conponent is a cl osed-caption conponent, a
printed rendrepresendative:framesragmslori osed-vaptiormomnpenedntsiof acdloseeeaptivn on
conponent nay be provided. 5 The printed rendition constitutes a pictorial
transcript | WidgeiRIOgEABh represent ative franme is printed with a caption
containing the closed-caption text associated therewith. One advantage
provi ded by this enmbodF isgm exanpleofanepagecofiaprintad pistarial trarseripht i on

enbodied in the original fqormat (e.g., a video progran) typically requires
addi ti onal e&%ﬁ“ffﬁﬁ‘n’tg %r()gxl @_t_eﬁe\gs S Prograyy g agcor mt}/‘a‘ﬁﬁmﬁ?&ﬁ’&fbﬁ) to
be under st ood thF. I_nf gr mation enbodied in the printed pictorial transcript
is sel f - cont BISTERt MWENE9R- be under st ood di rect | y wi thout requiring

addi ti onal pi—)ﬁ‘ i lan . I'n an alternative enbodi nent of the
I nvention, & tor displaying a conpressed rendition of a

sequence of frames haviggaf 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 récovered by a dedicated closed-caption decoder and superimposed
on the frames displayed on a vid_eo 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 sburce are
~ disclosed, for example, in Report No. E-7709-C by the Public Broadcasting
Service entitled "Television Captidning For the Deaf: Signal and Display
Specifications,” by John Lentz et él., May, 1980. |
20 The present invention W111 be described in terms of a methodl for -
compressing a closed-caption video program in whicha representative frame
ffom each scene ih 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
compohents, one of which is a visual information component. The frames

may be recorded in any format, including film, conventional video, or various



15 Iépst- first and second information- be?elri ng nedi a conponents. In
accordance with the nethod, a plurality of representative franes are

recei ved which represent information contained in the first

i nf ormati on-bearing nedi a conponent. Additionally, a signal is received
that has inf eleatrohivforinstsuthasa contputes BRANGHY CEhdRintERAnmRYeferd to the
representative franes and a segnent of the second information- 20 bearing
nedi a conponatumictelembnts, of reeondedrinformeation/forfallathe snedid coleporrpeent of t he
second i nformati on-bearing nedia conponent are displayed in a manner
det er mi ned b§¢mpheyesbin ecarpeatiensvith aqarticulae formaiRl EF DESCRI PTI ON OF THE
DRAWNGS FIG 1 is a block diagram of one exanple of an apparatus for 25
conpr essi ng nul ti medi aWhileithepresentyinyentioniwill hendessribedin temmsof 4 on. 5
FIG 2 shows an exapple of a correspondence table for |ocating

representt i UE*’?]F‘? SORRPICIFIER V. Pragrasvhariagaclosedscaptioneomppnenin

video program. H.G 3.is, an, exanpl e of, one e of a printed pi ctori al
transcri pt 5@%@@3{1@% Qﬁr_gﬁogglog\ﬂrg’rWﬁgag“b&\?g’F& 1t thismethedise wi t h
method of t hgqﬂlff §S}Sliéa%\fee & a!u%p source of multimedia information having at least

i~

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 aﬁditory
information such as music, for example. If desired, the audio component rhay
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 presént 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 aﬁfenna or cabie
television, a video-cassette recordér, or any other source capable of providing
Qideo and closed-caption information. The apparatus 2 is composed of a

20  scene change detector 4, a closed-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 videb
signal. Scene change detectors that select representative framés are known
and examples of such are provided in the above-mentioned references that are

25  incorporated by reference. The represehtaﬁve 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



DETAI LED -DESCRI PTI ON Certai n vi deo progrags such as tel evision broadcasts
often include a cl osed-caption conponent as part of eachr frane of video.
When.10 decoded, the cl osed-caption conponent of each frame contains up to
two al phanunmeric characters or control characters. The sequence of these
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conventional video, or-vario
10  representative frame and a segment of the closed-caption information by

construcﬁng a correspondence table. The representative frames and closed-
caption component may be subsequently retrieved and directed to a printer 12
ora display 13, or alternatively, transmitted over a communications network
14.

15 A content-based compression method that generates a single
representative frﬁme for each of the N scenes in a video program will retain N
representative frames Iy through Iy. 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; 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 fhe scene from which the representative frame I; is selected is
denoted VS;. Accordingly, the set of N representative frames I; through I

divide the video program into N non-overlapping visual segments VS



6 .elecironic forns such as a conputer nmengpry. The termfrane refers to the
atonmi c el enents of recorded information for all the media conponents
enpl.oyed in connection with a particular format. Wiile the present _
invention will be described in terns of a 5 nethod of conpressing a video
progr am havi Heroagh ¥EN®ansheachaepreseptatisret frame Iyisldssdxdateddeithivisuhlby one of
ordinary skill in the art that this nmethod is . equally applicable to any
source of muPeSHEDY ¥Si-nf or mati on havi ng at |east two nedia conponents. For
exanpl e, the nethod mag, be e Q conpress a video program having a
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' 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
corﬁponent as it is received by the computer 8 each time a new visual segment
is detected by the scene change detector 4. 'fhe N closed-capﬁon segments T5;
correspond in a one-to Qnémamier with the N visilal segments VS;. This
corres;pondence between the representative frames of each visual segment VSl

15 and the N closed-caption segments TS; 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 fréine _
memory 22 stor;es the representative frames I]l through Iy produced by the

20  scene change detector 4 and the text memory 23 stores the closed-caption
segments TSy through TSp. The correspondence table 21 has at leasf two
columns and N rows for the N representative frames. The first column 26 of
the table contains information that points to frames Iy through In. This
information may be in the form of a pointer (denoted in FIG. 2 as frame

25  pointers Ply through PIyp) that points to the location of the representative
frames stored in memofy 22. For example, pointer PI] points to

representative frame I1 located in row 1. This information is sufficient to



tel evision, a video-cassette recorder, org any other source capable of

- providing video and cl osed-caption infornation. The apparatus 2 is conposed
of a 20 scene change detector 4, a dosed-caption decoder 5 and a digital
conputer 8. The scene change detector 4 operates on the video signal

recei ved frodeteinethéd begitining dnd end do@tions of thefranteihahe wierhonnz2 ffor
each scene in the video signal. Scene change detectors that select

r epr esent at i the frames are@offikesizea in the avgritdhe ffamescdreaf wapiable siee) the t he
above-nentioned references that are 25 incorporated by reference. The
repr esent at i emd of frape aah beadatermineadswith pointer Piji oy assyming:thel framese
visual information content of an entire scene. The scene change detector 4
may i ncl ude are stexegbingieguential onder inicgnsacutivg neermory lacations.i Thesecond og

I nput source i s enplo rather than a_digital input source. The
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in more detahd qosed-caption pointer PT;, which points to the location of closed-caption

10 segment TS;. The end of the closed-caption segment TS; associated with
frame I; can be lscated with pointer PT(j;1). 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-
captio.n 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 correspbndenc_e table may be impleménted inany 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 segmeﬁts, the frame numbers that indicate the
beginning and end of each visual segment, the length of each scene, or the
number of charapters in the closed-caption segments. Alternatively, each

25 representative frame and the closed-captibn segments associated therewith

may be stored as individual files. In this arrangement the entries in the



bel ow, .t he digital conputer 8 al so establ il(?hes a correspondence between
each 10 representative frane and a segnent of the closed-caption

i nformati on by constructing a correspondence table.. The representative
frames and cl osed- caption conponent may be subsequently retrieved and

directed to aounmsef thecorrespatidepkeyabls willidahfify Miallbddtion o ﬁﬂg@ B eh&y

over a communi cations network 14. 15 A cont ent - base
conpr essi on fdehod that generates a single representative frame for each of
the N scenes in a video programw || retain N representative franmes.|[err]

through I[err]. Exanpl dInggt resenfatvedramesand eltsed-aptoackgarats n t he
above-nentioned references that are incorporated by reference. Since each

r epr esent at | FenstiBHing tercompressed eidep programhavedieen ex@acteddromithed i n a
singl e scene, each representative frame has associated with it a tine

i nterval 2qurigBakvdep prggramand tbe somespondenasiinble prepareds tize datasmhpct ed.

interval associated with representative frane I[err]
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10 provided with captions of the closéd-caption text. Anexample of a pictorial
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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 conveniehtly incorporating pictures ir_i_to text. | |
Prior to printing the pictorial transcript, it may be necessary to
15 remove non-printable control characters contained in the closed-captioﬁ signal
which are used to control display functions. These characters control éuch
features as the color of the displﬁyed characters, the font, and thé 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 divisioh 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



- 8 through VSN and each representative frgge |li is associated with visual
segnent VS[err]. Since each frame of the video programi-s associated with a
porti.on of the cl osed-caption conponent, each of the series of frames 5
constituting visual segnent VS err] is associated with a dosed-caption
segnent denodigital Spmmiter. Regardlesg oy ,thetreasonifer tité imprapertdivision)iemaiyon

di vides the video programinto N visual segnents VS1 through VSN each being
char act er i zebe dgsizable tg process thesraw dextite rémawe the control cheracters andishifthe

cl osed- caption conponent into N segnents. The closed-caption conponent may
be 10 di vi dthe bounslarg between adjacertclesadecaption segments spithat whed

cl osed-captig_n conponent as jt is received by the conputer 8 each tine a
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fragments may be identified by locéting 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
pfoperly 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 closed-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 closéd-captioﬁ component to convert some of the upper case

characters to lower case in a manner consistent with ordinary printed text.



' 20 ™ scene change detector 4 and the textléermry 23 stores the

cl osed-caption segnents TS[err] through [err]. The correspondence table
21 has at least two colums and N rows for the N representative frames. The
first columm 26 of the table contains information that points to franes
| [err] throUgis pﬁ'@ﬁersbi-ng'lihhy bercesmiplished iy rikénber of way<hr Foraixatnple) thieer
(denoted in FIG 2 as frane 25 pointers Pl[err] through Pl[err]) that
poi nts to thgppercase ciarattersimaydirst all beaonverted aodowet casedtharacersp The2?2.
For exanple, pointer Pl[err] points to representative frane I[err] |ocated
in row 1. THirst cheractenfolbowing a piihcitiation dharacte®sutit as arperiod loe questiomi ng
and end |l ocations of the franmes in the nenory 22 if the franes are of fixed
si ze. |n thenaskeistthengapitalized. JFinally, many siyoper houns thas requiref frane |[err]
can be determned with pointer PlJerr], assumng the frames are_stored in
sequenti 8 c¢apialization maydee logatedinayeleciranically stored dictienarys Theitaxty 27 of
the correspqndence tabl e contai, information } ints to the :
¢l osed- capt IBARSE %O&%qutﬂngﬁ'gﬂnmt%mnm%% beengpartigflynm of the
table, infornmation

second col urff ogqs_seq,ﬁﬁ r ‘aslﬂ?'%ﬁ?ﬁqg ;)g{?r ci]r%%‘lzt %%’éei a %{))ﬁ%&'é'ff%o'&? urgg\évﬁii:?#; r t .he
referred to éﬁﬁﬁ)ﬁ)ﬁ? &Sk SRP B gi\glla%ier%ﬁgevrh]\g a\%gncota EiPithiiZed° Aglg !ocation

of closed-c
apparent from the figure, proper nouns have not been capitalized.




10" segnent TS[err]. The—end of the cl osﬁ-caption segnent TS[err ]

associated with frame I[e ‘\mlm% d with pointer BJLefdkduasBbdir - aced
shows two additional poi ng “ enpl oyed, an i nag '
26, and text end pointer , ieh " ndicate the end of the Elm l!‘m[ﬂ I

represent ati g AIMSE and Nth closed- caption segnment, respeCtyVrsy
The organi zati on of the correspondence table is not limted to the exanple
descri bed above. One of. OAdheéthéd ofidonpredsing A1seqabhcedfiffanice HagitigZe 1dabat t he
correspondence table may be inplenmented in any desired manner to ensure
that each r efirseand serbhd énforraation-beapingmrediy carnpomdntd, e4id whdthod tempsisiagi at ed
cl osed-caption segnent so that both conponents are readily 20 retrievable.
For exanpl e, thelsteps@fr espondence table nmay contain additional colums for
storing informati on such as the size of the representative frames and the
cl osed- capti on segment selecting afpluralitynefiropresentative frardescrepresentingsiaformatiop and
end of each visual segnment, the |ength of each scene, or the nunber of -
characterd ieprttﬁee@eg&ﬁr@hmrewh@e ng medja eomponenk| y, each 25
representative franme and the cl osed-¢aption segnents_associated therewith
may be stored as indi viQrBUrS? F?%%‘PW&“@HPW&HQE?@%WH@“@W@?W% t he
10

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 correspondence therebetween.

10 2. The method of claim 1 wherein the step of selecting representative
frames comprises the step of i)érforming 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.

15 ' 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 sfep of selecting a representative frame from

each scene.

5. | The method of claim 3 wherein the second information-bearing

20 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:



col Ums of the correspondence table will {fdentify theéw i r nanme of
each file. Once the representative franes and cl osed- Wﬂgm
constituting the conpressed video program have been extrdct e o ”£ 5

original video program and the correspondence table prepared, the ddta may

be recorded in any Con\tﬁaidﬁrgih@‘e@c[&hcé&ﬁ&ﬂ&%ﬂﬁ&ﬁeﬂrﬁgﬁéﬁaﬁ?g&&?ﬁﬁ%ter

the data may be printed, displayed or transmtted in ahy desi ormat .

For exanpl e, plamlitiadfasegmyenitss pri nted, displayed, or transmtted in the form
of a pictorial transcript in which a series of representative franes are
each 10 provided wi t h remjtingaseprésenkativel fantdfromeatiosegntnt;, An exanple of a
pictorial transcript format is shown in FIG 3 for a portion of television
news program The trangetaining theclosedaptivrecompdrentobearhsegrhet; drei t

processi ng package that is capable of conveniently incorporating pictures
into text.S Prior trecosdingitheepreseniaitive flamelandthe closedstaption compohentferessar y
to 15 renove non-printable control characters contained in the

cl osed- capt i GACRIHMANtwhi ch are used to control display functions. These
characters control such features as the col or of the displayed characters,

the font, and -the locatjon,of the text |jne on the display. screen, for
example. In addition td'b ﬁ&‘qﬁlaﬂﬁi-d%;fq‘ﬁ‘céﬁﬁéfe“th@smftd&'ld%haé?%@my'

d | ff t divisi f .20 th d- ti t
based o’ i nar Pamse SoRERRE e R Bt Rekmga copRnEh e SoEPIB bR | Cul ar
the control GARHAEL 6f farBy %R thk PEprb&ttative frames.

10 8. Themethod of claim6- 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 6f the

closed-caption component associated with each representative frame.

11, The method of claim 10further 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.



contained in the cl osed-capti on conponent to be divided in the mddle of a

sentence. This inproper division of the closed-caption conpone occur
for other reasons as well, including inproper synghLQn+2afTﬁﬁ’gttﬁayh t he
25 video conponent and the cl osed-capti on conponent nproper
synchroni zati on may occur because of .a gl aw i n the \g& =scene
boundary or a delay in transmtting the closed capt npodbnt to the
digital conputer. Regardless of the reason for the inproper division, it
may be desirable to process the raw text to renove the control characters
and shift the boundary between adjacent cl osed-caption segnents so that
word fragnents are nerged into conplete words and sentence fragnents are 5
nmerged into conpl ete sentences. Wrd fragnents may be readily identified by

I i h h f d- [

whi oh are not separ at chzby BheoBsPBBR: afo cladanIbL AR seRp R o
character s ttieen stepbef] diapﬂaﬂm@orﬂmomke&emﬁarﬁwe Mearalnﬁ, cifmiem-ces
fragment s ™afiblcbnpbhdnt) the°hbR0 HRRLS 187 (001N & Hidthatlar®

cl osed- 10 are no Py a ¢ Aracrers such as
a question ﬁﬁrﬁnsektphnatlon mark, or a perlod These fragnents are then

nmerged into a single sentence. The cl osed-caption pointer in then adjusted
accordingly to 13. Anapparatus 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 segmentsi"'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 claim1 3 wherein the selecting means
comprises means for performing a content-based sampling of the sequence of frames .

to select the representative frames.

0 153 The apparatus of claim 15wherein the selecting means

comprises a scene change detector.

16. The apparatus of claim 14 further comprising means for

decoding the second information-bearing component.



inc_rUdg conplete words and sentences in the text which are associated wttr—
a single representative inage. 15 Rat her than renoving th .
contvol characters, the control characters may be replaced wi THs een Replaced
character or characters that can be progg |y interpreted in su “um‘\
processing stages such as the text processi ng-stage. For exanpl I
character that is used to change the font -or the color in the .
cl osed-caption display w ndow may be replaced wth 20 the corresponding
fr(r)]nt ﬁhange COMApdteacgsed in the text processing package that is enpl oyed.
e characters ) d j 5 t |
e e et et L oRngh oA, A RS FOR RN A oty | |
addition to renmviINFORMATIONBRBARINGIFRAMESHAVINGADLEAST TWO MEDIY t he
25 pictorial transcript, it may desi ré@hﬁ’é St process the raw text
extracted fromthe cl osed-capti on conpdonent t0 convert sonme of the. upper
case charact8rs to | oweAncapparatus and mesthed for compressing 2 sgquenes of frames (from¢ ed
text. 12 Thi % e o Shed. o8 r
exanpl e, the up ehrl%fc?l ?é caﬁgéxg{ca%hers Wtﬁbgﬁfﬁhﬁ%vertggﬁz%@case
characters. Theplurality of representative frames (by 4) from among the sequence of frames. \Aﬁle -
representative frames represent information contained in the first information-
bearing media component. A correspondence is then formed between each of the
10 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 (from 5) and the correspondence
between them are recorded (in 9 or 10) for subsequent retrieval. If the first
information-bearing media component is a video component composed of a plurality
15 of scenes, a representative frame may be selected froin 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 (by 12). The printed rendition constitutes a pictorial transcript in which
each representative frame is printed with a caption containing the closed-caption text
20 associated therewith.



.first ‘gharacter following a punctuation character such as a period or
question mark is then capitalized. Finally, nmany proper nouns that require
capitalization may be located in an electronically stored dictionary. The
text in the exanple of a pictorial transcdfdt 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 follow ng a period
capitalized. As is apparent fromthe figure, proper nouns have not been
capitalized. 13 1. A nmethod of conpressing a sequence of frames having
at. least first and secqnd information-bearing nmedia conponents, said nethod
conprising the steps oﬂ?l!}[ecﬂing a plurality of representative franes
wherein said representative franes represent information contained in the
first information-bearing nedia conponent; form ng an associ ati on between
each of the representative franmes and f the second

i nformati on-bearing nedia conponent; a g #d representative
frames, said segnment of the second inf i ng nedia conmponent and
t he associ ati on therebetmsen.
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2.0 Ihe met hod of claim1 wherein the step of selecting representative
frames conprises the step of performng a content-based sanpling of the
sequence of frames to select the representative franes. 3. The nethod of
claim2 wherein the first |nfornat|onlx%1/ g nedia conmponent is a video
conponent. 4. The method of claim3 wherer’n the video conponent includes a
series of scenes and the step of perform ng a content-based sanpling to

sel ect the representative frames conprises the step of selecting a
representative fraWEngz?eﬁgz scene. 5. The nethod of claim 3 wherein the
second information-b (6] ia conmponent is a closed-caption conponent.

6. A nethod of conpressing a sequence of visual information- bearing franes
having a cl osed-caption conponent representing textual information

associ ated therewith, said nethod conprising the steps of: di viding the
sequence of franes zbd cl osed-caption conponent into a plurality of
segnents; retalnlng\§ representative frane fromeach segnent; retauﬁ ng the

cl osed- capti on cqgrperent each segﬁerr—aﬁd——————————

'TMAGE 1 1 PT4 TEXT 1

IMAGE 2 P, PTy TEXT 2

IMAGE 3 Pl T TEXT 3

INAGE N T °PI - TEXT N

PT

" J1 \ N N \

IMAGE END | TEXT END . 23

AR

M 27



5%+ .x ‘recording the representative frame and the cl osed-caption
conponent for each segnent. 7. The nethod of claim6 wherein the step of
di vidi ng the sequence of franmes conprises the step of performng a
cont ent - based sanpling of the sequence of3/|3r anes to select the
representative franes. 10 8. “The method of claim®6 or 7
wherei n each segnent” constitutes a single scene. 9. The nethod of claim
8, further cormﬁ ng Qhe step of decoding 15 the cl osed-capti on conmponent.
10. The met hdd *claim9 further conprising the steps of generating and
recordi ng a correspondence table for locating the segnent of the

cl osed- capfron conponent assocrarted Wt eaci representattve frame—t—The
met hod of ¢l air=+6—Ftmt DRUNIFEDNATIBNSg t he step.af geperati ng ZOEa r:ﬂ?&t ed

rendition ¢f {hegs=eqr dsENNOY: R ¥8SAIDand cl ofeat capt il ohOR .
each scene|t o} pffaw d¥y aT@DﬂYrﬂ%ﬁA%%Esowmal trangcr tI.o SATISFAGTION HECHASThe
met hod of ¢l a I8 g rlt THE DISPUTE WHHIIRA® t he st Ep_fMRdi §pIABMOST CERTAINLY
representafiv NQVER WEAPONS MONITORING : AVERTED U.N.-BACKED

HE GAVE NO DETAILS, BUT MILITARY ACTION

SAID THERE WAS NO LONGER " AGAINST IRAQ.

ANY REASON FOR MILITARY ACTION.
WE HAVE A REPORT FROM
BAGHDAD BY ROBERT MOORE OF
OF INDEPENDENT TELEVISION NEWS

>MIT WAS A FINAL DIPLOMATIC  FR/BFER
MISSION, AN ATTEMPT TO MEND
THE FRAYING RELATIONSHIP

BETWEEN IRAQ AND THE UNITED
NATIONS ] OTHER ISSUES REMAIN IN

DISPUTE, BUT A NEW
FRAMEWORK FOR SETTLING
THEM IS NOW SAID TO
BE IN PLACE

THIS MORNING, AFTER FOUR
DAYS OF TOUGH TALKING AND
BRINKMANSHIP, IRAQ APPEARS
T0 HAVE MADE THE CRUCIAL
CONCESSION, TARIQ AZIZ,

IRAQ'S DEPUTY PRIME MINISTER, AGREEING TO
THE CONCEPT'S OF LONG-TERM MONITORING OF
THE COUNTRY’S WEAPONS SYSTEMS.

2 888 @
v, i,-') ‘t,! g
R RX T

-—
- | ma o

>> 1 WOULDN'T SAY

THAT WE HAVE A CLEAR-
CUT  SETTLEMENT, BUT

I THINK WE ARE ON THE
WAY TO BREAK OUT OF

' THAT ALMOST QUIE
DANGEROUS,DANGEROUS
SITUATION.

>> FOR THE LAST TWO

WEEKS, ORDINARY IRAQIS
HAVE BEEN LIVING IN

FEAR OF A FRESH MISSILE
OR AIR ATTACK, BUT WITH
THE CRISIS DEFUSED AND .
COMPLIANCE AGREED ON, THERE IS NOW
GROWING HOPE THE U.N. WILL CONSIDER
LIFTING SANCTIONS. :




cathon conponent for each scene to provide a pictorial transcript. 13. An
appar atus for conpressing a sequence of frames having at least first and
second i nfornmati on-bearing nedi a components, conprising: neans for

. selecting a plurality of representative frames representing 10 information
rcontained in the first information-bearing nedia conponent; neans, for
form ng a correspondence between each of the representative franek ‘and one
~of a plurality of segnents of the second information- bearing nedia
conponent; and neans for recording said representative franes, said
plurality of 15 segnents of the second infornmation-bearing nedia conponent
and the correspondence therebetween. . The apparatus of claim 13 wherein
the sel ecting means conpri.ses neans f perform ng a content-based sanpling
of the sequexbstraet frames to select the representative frames. 20

15. The appar at P {ml S a scene
ﬂﬁsllg{ ?he ap ar%s of ?t RESSNG%SEQ ol

change detector

aLm 14 means for
decodi ng the smmm ASTIWO ¥
COMPONENTS_

An apparatus and method for compressing a sequence of frames (from
1) having at least first and second information-bearing media components selects a
plurality of representative frames (by 4) from among the sequence of frames. The
representative frames represent information contained in the first information-
bearing media component. A correspondence is then 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 (from 5) and the correspondence
between them are recorded (in 9 or 10) for subsequent retrieval. If the first
information-bearing media component is a video 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 (by 12). The printed rendition constitutes a pictorial transcript in which
each representative frame is printed with a caption containing the closed-caption text
associated therewith.

(Figure 1) - Thisis the replacement sheet
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13
CLAIMS:
1. A method of compressing a sequence of frames having at least
 first and second informaﬁon-beaﬁng 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 saxd representative frames, said segment of the second

mformanon-bearmg medla component and the association therebetween.
2. The method of claim 1 wherein the step of selecting representative

. frams comprises the step of perfonmng a content-based samplmg 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:

e
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