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(57) ABSTRACT 

For use in a Video Signal processor, there is disclosed a 
System and method for locating program boundaries and 
commercial boundaries using audio categories. The System 
comprises an audio classifier controller that obtains infor 
mation concerning the audio categories of the Segments of 
an audio signal. Audio categories include Such categories as 
Silence, music, noise and Speech. The audio classifier con 
troller determines the rates of change of the audio categories. 
The audio classifier controller then compares each rate of 
change of the audio categories with a threshold value to 
locate the boundaries of the programs and commercials. The 
audio classifier controller is also capable of classifying at 
least one feature of an audio category change rate using a 
multifeature classifier to locate the boundaries of the pro 
grams and commercials. 
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SYSTEMAND METHOD FOR LOCATING 
PROGRAM BOUNDARIES AND COMMERCIAL 
BOUNDARIES USING AUDIO CATEGORIES 

CROSS-REFERENCE TO RELATED PATENT 
AND APPLICATION 

0001. The present invention is related to the inventions 
disclosed in U.S. Pat. No. 6,100,941 issued Aug. 8, 2000, 
entitled “APPARATUS AND METHOD FOR LOCATING 
A COMMERCIAL DISPOSED WITHIN AVIDEO DATA 
STREAM” and in U.S. Pat. application Ser. No. 09/006,657 
filed Jan. 13, 1998, entitled “MULTIMEDIA COMPUTER 
SYSTEM WITHSTORY SEGMENTATION CAPABILITY 
AND OPERATING PROGRAM THEREFOR INCLUD 
ING FINITE AUTOMATON VIDEO PARSER. This 
patent and this patent application are commonly assigned to 
the assignee of the present invention. The disclosures of this 
patent and patent application are hereby incorporated herein 
by reference for all purposes as if fully set forth herein. 

TECHNICAL FIELD OF THE INVENTION 

0002 The present invention is directed, in general, to a 
System and method for locating the boundaries of Segments 
of a Video program within a Video data Stream and, more 
Specifically, to a System and method for locating boundaries 
of Video programs and boundaries of commercial messages 
by using audio categories Such as Speech, music, Silence, and 
OSC. 

BACKGROUND OF THE INVENTION 

0003) A wide variety of video recorders are available in 
the marketplace. Most people own, or are familiar with, a 
video cassette recorder (VCR), also referred to as a video 
tape recorder (VTR). A video cassette recorder records video 
programs on magnetic cassette tapes. More recently, Video 
recorders that use computer magnetic hard disks rather than 
magnetic cassette tapes to Store Video programs have 
appeared in the market. For example, the ReplayTVTM 
recorder and the TiVOTM recorder digitally record television 
programs on hard disk drives using, for example, an MPEG 
Video compression Standard. Additionally, Some Video 
recorders may record on a readable/writable, digital versatile 
disk (DVD) rather than a magnetic disk. 
0004 Video recorders are typically used in conjunction 
with a Video display device Such as a television. A video 
recorder may be used to record a Video program at the same 
time that the Video program is being displayed on the Video 
display device. A common example is the use of a Video 
cassette recorder (VCR) to record television programs while 
the television programs are simultaneously displayed on a 
television Screen. 

0005 Video recorders rely on high level Electronics 
Program Guide (EPG) information in order to determine the 
Start times and the end times of television programs for 
recording purposes. Unfortunately, the EPG information 
may often be inaccurate, especially for live television broad 
casts. There is a need in the art for an improved System and 
method for locating the boundaries of Video programs. 
However, broadcasters are not motivated to insert any 
metadata information about the boundaries of commercial 
messages (“commercials’) in Video programs. 
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0006 Various methods exist to detect the start times and 
the end times of Segments of Video programs. These meth 
ods are typically used to detect commercials So that the 
commercials may be automatically skipped over when a 
Video program is being recorded in a Video recorder. Several 
well known methods involve the detection of a “black 
frame.” A black frame is a black video frame that is usually 
found immediately before and after a commercial. Other 
methods for detecting the boundaries of a commercial 
include using cut rate change, Super histograms, digitized 
codes with time information, etc. 
0007 Another prior art method for detecting the bound 
aries of a program or a commercial involves inserting a 
Special code or Signal in the video signal to designate the 
beginning and the end of the program or commercial. 
Special circuitry is needed to detect and identify the Special 
code or Signal. 
0008. In addition, there are presently existing television 
Standards that insert program identification information in 
the Video signal. The program identification information 
uniquely identifies the beginning and the end of the program. 
This information can also be used to detect the boundaries 
of programs. 
0009. These prior art methods all involve the insertion 
and detection of Special codes, Special Signals, or Special 
program identification information within a Video data 
Stream. There is a need in the art for an improved System and 
method for locating the boundaries of video programs and 
commercials within a Video data Stream without using 
Special codes, Special Signals, or Special program identifi 
cation information. 

0010. There is also a need for an improved system and 
method for automatically locating the boundaries of Video 
programs and the boundaries of commercials in computer 
ized personal multimedia retrieval Systems. Computerized 
personal multimedia retrieval Systems exist for identifying 
and recording segments of a Video program (usually from a 
television broadcast) that contain topics that a user desires to 
record. The desired Segments are usually identified based 
upon keywords input by the user. In a typical application, a 
computer System operates in the background to monitor the 
content of information from a Source Such as the Internet. 
The content selection is guided by the keywords provided by 
the user. When a match is found between the keywords and 
the content of the monitored information, the information is 
stored for later replay and viewing by the user. The down 
loaded information may include links to audio Signals and to 
Video clips that can also be downloaded by the user. 
0011. A computerized personal multimedia retrieval sys 
tem that allows users to Select and retrieve portions of 
television programs for later playback usually meets three 
primary requirements. First, a System and method is usually 
available for parsing an incoming Video signal into its visual, 
audio, and textual components. Second, a System and 
method is usually available for analyzing the content of the 
audio and/or textual components of the broadcast Signal with 
respect to user input criteria and Segmenting the components 
based upon content. Third, a System and method is usually 
available for integrating and Storing program Segments that 
match the user's requirements for later replay by the user. 
Fourth, users prefer to record/playback only program Seg 
ments and not commercials. 
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0012. A system that meets these requirements is 
described in U.S. Pat. application Ser. No. 09/006,657 filed 
Jan. 13, 1998 by Dimitrova (a co-inventor of the present 
invention) entitled “MULTIMEDIA COMPUTER SYS 
TEM WITH STORY SEGMENTATION CAPABILITY 
AND OPERATING PROGRAM THEREFOR INCLUD 
ING FINITE AUTOMATON VIDEO PARSER. U.S. Pat. 
application Ser. No. 09/006,657 is hereby incorporated 
herein by reference within this document for all purposes as 
if fully set forth herein. 
0013 U.S. Pat. application Ser. No. 09/006,657 describes 
a System and method that provides a set of models for 
recognizing a Sequence of Symbols, a matching model that 
identifies desired Selection criteria, and a methodology for 
Selecting and retrieving one or more video Story Segments or 
Sequences based upon the Selection criteria. 
0.014) A significant improvement in the operation of 
Video signal processors, Such as Video recorders and com 
puterized personal multimedia retrieval Systems, can be 
obtained if the locations of the boundaries of the video 
programs and commercials are known. There is therefore a 
need in the art for an improved System and method for 
locating the boundaries of Video programs and the bound 
aries of commercials within a video data Stream. portions of 
audio Signals into audio categories Such as Speech with 
background music, Speech with background noise, Speech 
with background Speech, etc. The audio classifier controller 
identifies also categorizes Sequential portions of audio 
Speech Signals in Speaker categories when the identity of a 
Speaker can be determined. Each Speaker category contains 
audio speech Signals of one individual Speaker. Speakers 
who can not be identified are categorized in an “unknown 
Speaker category. 

0.015 The audio classifier controller of the present inven 
tion also comprises a category change detector that detects 
when a first portion of the audio signal categorized in a first 
category ceases and when a Second portion of the audio 
Signal categorized in a Second category begins. That is, the 
category change detector determines when a category of the 
audio signal changes. In this manner the audio classifier 
controller of the present invention continually determines 
the type of each audio category. 

0016. The category change detector also determines 
when a first portion of the audio signal categorized in a first 
Speaker category ceases and when a Second portion of the 
audio Signal categorized in a Second Speaker category 
begins. That is, the category change detector determines 
when a speaker category of the audio signal changes. 

0.017. The audio classifier controller of the present inven 
tion also comprises a category change rate detector that 
determines the rate at which the audio categories are chang 
ing (the “category change rate”). The category change rate 
detector compares the category change rate to a threshold 
value. The threshold value can either be a preselected value 
or can be determined dynamically in response to changing 
operating conditions. If the category change rate is greater 
than the threshold value, the existence of a commercial 
Segment may be inferred, therefore leading to the existence 
of a boundary. 

0.018. It is an object of the present invention to provide an 
improved System and method for identifying boundaries 
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using classification of audio signals to obtain at least one 
audio category for each Segment of an audio signal. 
0019. It is also an object of the present invention to 
provide an improved System and method for identifying 
boundaries using classification of audio signals into audio 
categories Such as Silence, music, noise and Speech. 
0020. It is also an object of the present invention to 
provide an improved System and method for identifying 
boundaries using classification of audio signals into audio 
Subcategories Such as Speech with background music, 
Speech with background noise, music invention that follows. 
Additional features and advantages of the invention will be 
described hereinafter that form the subject of the claims of 
the invention. Those skilled in the art should appreciate that 
they may readily use the conception and the Specific 
embodiment disclosed as a basis for modifying or designing 
other Structures for carrying out the same purposes of the 
present invention. Those skilled in the art should also realize 
that Such equivalent constructions do not depart from the 
Spirit and Scope of the invention in its broadest form. 
0021. Before undertaking the DETAILED DESCRIP 
TION, it may be advantageous to set forth definitions of 
certain words and phrases used throughout this patent docu 
ment: the terms “include” and “comprise,” as well as deriva 
tives thereof, mean inclusion without limitation; the term 
"or, is inclusive, meaning and/or; the phrases "asSociated 
with' and “associated therewith,” as well as derivatives 
thereof, may mean to include, be included within, intercon 
nect with, contain, be contained within, connect to or with, 
couple to or with, be communicable with, cooperate with, 
interleave, juxtapose, be proximate to, be bound to or with, 
have, have a property of, or the like; and the term “control 
ler” means any device, System or part thereof that controls 
at least one operation, Such a device may be implemented in 
hardware, firmware or Software, or Some combination of at 
least two of the same. It should be noted that the function 
ality associated with any particular controller may be cen 
tralized or distributed, whether locally or remotely. Defini 
tions for certain words and phrases are provided throughout 
this patent document, those of ordinary skill in the art should 
understand that in many, if not most instances, Such defini 
tions apply to prior, as well as future uses of Such defined 
words and phrases. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022. For a more complete understanding of the present 
invention, and the advantages thereof, reference is now 
made to the following descriptions taken in conjunction with 
the accompanying drawings, wherein like numbers desig 
nate like objects, and in which: 
0023 FIG. 1 illustrates an exemplary video recorder and 
a television Set, according to an advantageous embodiment 
of the present invention; 
0024 FIG. 2 illustrates a block diagram of the exemplary 
Video recorder, according to an advantageous embodiment 
of the present invention; 
0025 FIG. 3 illustrates a block diagram of an exemplary 
audio classifier controller, according to an advantageous 
embodiment of the present invention; and 
0026 FIG. 4 illustrates a flow chart depicting the opera 
tion of an exemplary audio classifier controller, according to 
an advantageous embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

0027 FIGS. 1 through 4, discussed below, and the 
various embodiments used to describe the principles of the 
present invention in this patent document are by way of 
illustration only and should not be construed in any way to 
limit the scope of the invention. Those skilled in the art will 
understand that the principles of the present invention may 
be implemented in any Suitably arranged audio classification 
System. 

0028 FIG. 1 illustrates exemplary video recorder 150 
and television set 105 according to one embodiment of the 
present invention. Video recorder 150 receives incoming 
television Signals from an external Source, Such as a cable 
television Service provider (Cable Co.), a local antenna, a 
satellite, the Internet, or a digital versatile disk (DVD) or a 
Video Home System (VHS) tape player. Video recorder 150 
transmits television signals from a Selected channel to 
television set 105. A channel may be selected manually by 
the viewer or may be Selected automatically by a recording 
device previously programmed by the viewer. Alternatively, 
a channel and a Video program may be Selected automati 
cally by a recording device based upon information from a 
program profile in the viewer's personal viewing history. 

0029) Video recorder 150 comprises infrared (IR) sensor 
160 that receives commands (such as Channel Up, Channel 
Down, Volume Up, Volume Down, Record, Play, Fast For 
ward (FF), Reverse, and the like) from remote control device 
125 operated by the viewer. Television set 105 is a conven 
tional television comprising Screen 110, infrared (IR) sensor 
115, and one or more manual controls 120 (indicated by a 
dotted line). IR sensor 115 also receives commands (such as 
Volume Up, Volume Down, Power On, Power Off) from 
remote control device 125 operated by the viewer. 

0030. It should be noted that video recorder 150 is not 
limited to receiving a particular type of incoming television 
Signal from a particular type of Source. AS noted above, the 
external Source may be a cable Service provider, a conven 
tional RF broadcast antenna, a Satellite dish, an Internet 
connection, or another local Storage device, Such as a DVD 
player or a VHS tape player. The incoming Signal may be a 
digital signal, an analog signal, Internet protocol (IP) pack 
ets, or Signals in other types of format. 
0.031) For the purposes of simplicity and clarity in 
explaining the principles of the present invention, the 
descriptions that follow shall generally be directed to an 
embodiment in which video recorder 150 receives (from a 
cable Service provider) incoming analog television signals. 
Nonetheless, those skilled in the art will understand that the 
principles of the present invention may readily be adapted 
for use with digital television signals, wireleSS broadcast 
television signals, local Storage Systems, an incoming Stream 
of IP packets containing MPEG data, and the like. 

0032 FIG. 2 illustrates exemplary video recorder 150 in 
greater detail according to one embodiment of the present 
invention. Video recorder 150 comprises IR sensor 160, 
video processor 210, MPEG-2 encoder 220, hard disk drive 
230, MPEG-2 decoder/NTSC encoder 240, and controller 
250. Video recorder 150 further comprises audio classifier 
controller 270 and memory 280. Controller 250 directs the 
overall operation of video recorder 150, including View 
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mode, Record mode, Play mode, Fast Forward (FF) mode, 
Reverse mode, among others. 
0033. In View mode, controller 250 causes the incoming 
television Signal from the cable Service provider to be 
demodulated and processed by video processor 210 and 
transmitted to television set 105, without storing video 
Signals in (or retrieving video signals from) hard disk drive 
230. Video processor 210 contains radio frequency (RF) 
front-end circuitry for receiving incoming television signals 
from the cable Service provider, tuning to a user-Selected 
channel, and converting the Selected RF signal to a baseband 
television signal (e.g., Super Video signal) Suitable for of the 
MPEG-1, MPEG-2, and MPEG-4 standards, or with one or 
more other types of Standards. 
0034) For the purposes of this application and the claims 
that follow, hard disk drive 230 is defined to include any 
mass Storage device that is both readable and Writable, 
including, but not limited to, conventional magnetic disk 
drives and optical disk drives for read/write digital versatile 
disks (DVD-RW standard and DVD+RW standard), re 
writable CD-ROMs, VCR tapes and the like. In fact, hard 
disk drive 230 need not be fixed in the conventional sense 
that it is permanently embedded in video recorder 150. 
Rather, hard disk drive 230 includes any mass storage device 
that is dedicated to video recorder 150 for the purpose of 
storing recorded video programs. Thus, hard disk drive 230 
may include an attached peripheral drive or removable disk 
drives (whether embedded or attached), Such as a jukebox 
device (not shown) that holds several read/write DVDs or 
re-writable CD-ROMs. As illustrated schematically in FIG. 
2, removable disk drives of this type are capable of receiving 
and reading re-writable CD-ROM disk 235. 
0035) Furthermore, in an advantageous embodiment of 
the present invention, hard disk drive 230 may include 
external mass storage devices that video recorder 150 may 
acceSS and control via a drive or removable disk drives 
(whether embedded or attached) that reads read/write DVDs 
or re-writable CD-ROMs. As illustrated schematically in 
FIG. 2, removable disk drives of this type are capable of 
receiving and reading re-writable CD-ROM disk 285. 
0036) As the video program is recorded on hard disk 
drive 230, (or, alternatively, after the video program has 
been recorded on hard disk drive 230), audio classifier 
controller 270 extracts an audio signal and Separates the 
extracted audio signal into discrete audio categories, includ 
ing Speech, music, noise, and Silence. Audio classifier con 
troller 270 sends the extracted voice signals to speaker 
identifier 330 (shown in FIG. 3). Speaker identifier 330 
analyzes the Voice Signals to identify the perSon who is 
Speaking. Audio classifier controller 270 inserts time Stamps 
into the extracted and categorized audio data. 
0037. A block diagram of audio classifier controller 270 
is shown in detail in FIG. 3. Audio classifier controller 270 
executeS Software instructions to identify and classify audio 
portions of a Video program Segment using audio categories. 
Audio classification may be achieved with multidimensional 
feature based methods that are known in the art. These 
methods typically use Linear Predictive Coding (LPC) 
derived cepStral coefficients and their regression coeffi 
cients, energy level, average energy, Zero Crossing Rate 
(ZCR), etc. For further information refer to a paper entitled 
“Classification of General Audio Data for Content-Based 
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Retrieval” by Dongge Li, Ishwar K. Sethi, Nevenka Dim 
itrova and Tom McGee, Technical Report, Oakland Univer 
sity, Rochester Minn., TR-CSE-IIE-00-11, 2000. 
0.038. The source of audio signals for audio classifier 
controller 270 is identified in FIG. 3 with the reference 
numeral 300. Audio classifier controller 270 comprises 
classification algorithm 305 for classifying audio signals 
from audio signal source 300, four data buffers, 310 through 
325, for recording information for four different types of 
audio categories, Speaker identifier 330 containing a speech 
database of Speaker identification data, category change 
detector 335, category change rate detector 340, and bound 
ary detector 345. 
0.039 Audio classifier controller 270 receives audio sig 
nal Segments directly from audio Signal Source 300 and 
classifies the audio Signal Segments with classification algo 
rithm 305. Classification algorithm 305 classifies the audio 
Signals into individual types of audio categories, Such as 
Silence, music, noise, Speech and any combination of these 
audio categories. These four types of audio categories are 
illustrated in FIG. 3. These types are not the only types of 
audio categories that may be used. It is clear that other types 
of audio categories may also be identified and classified 
(e.g., laughter). 
0040 Classification algorithm 305 records information 
for the audio category of “silence” in data buffer 310, 
records information for the audio category of "music' in 
data buffer 315, records information for the audio category 
of “noise' in data buffer 320, and records information for the 
audio category of “speech” in data buffer 325. Classification 
algorithm 305 also inserts time Stamps into the categorized 
audio signals. 
0041) Speaker identifier 330 contains a speech database 
of Voice identification information for perSons whose Voices 
have been previously identified, classified, and recorded. 
Classification algorithm 305 is capable of accessing the 
speech database within speaker identifier 330. When clas 
sification algorithm 305 classifies an audio signal as a 
“speech” audio Signal, classification algorithm 305 accesses 
speaker identifier 330 to identify the speaker. If the speaker 
can be identified, the identity of the Speaker is added to the 
data concerning the “speech” audio category. Classification 
algorithm 305 is capable of classifying “speech” audio 
Signals from more than one Speaker. A first “speech” audio 
Signal may be identified as originating from a first Speaker 
and a Second "speech” audio signal may be identified as 
originating from a Second Speaker. 
0.042 “Speech” audio signals from unidentified speakers 
are classified in a “unknown speaker” category. Whenever a 
“speech” audio signal from an unknown speaker is identi 
fied, that unknown Speaker is added to the Speech database 
and identified as “unknown speaker number 1.” When a 
“speech” audio Signal from a Second unknown Speaker is 
identified, that Second unknown Speaker is added to the 
Speech database and identified as “unknown speaker number 
2. Each time an unknown speaker is detected, the unknown 
Speaker's “speech” audio Signal is compared to the “speech” 
audio signals of each of the unknown speakers in the Speech 
database to See if the unknown Speaker is one that has 
already been added to the Speech database. 
0.043 Classification algorithm 305 can use this informa 
tion to determine the number of unknown speakers who 
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Speak within a given period of time. The existence of a 
relatively large number of unknown Speakers within a short 
period of time can indicate the presence of a commercial 
within the video data stream. 

0044) Classification algorithm 305 also updates the 
speech database in speaker identifier 330 to add voice 
identification information for new perSons who appear in the 
program portions of the Video data Stream. These perSons 
may be new actors and actresses, new musicians, newly 
elected politicians, etc. It is not necessary to update the 
Speech database with Voice identification information for 
new perSons who appear in commercials. Therefore, classi 
fication algorithm 305 records the number of times that new 
unknown perSons appear and whether they appear in com 
mercials or in the program portions of the video data Stream. 
Classification algorithm 305 then deletes all information 
relating to new unknown perSons who appear in commer 
cials (unless they also happen to appear in the program 
portion of the Video data stream). 
0045. After the individual audio signal segments have 
been categorized in the proper audio categories, classifica 
tion algorithm 305 sends the classification information to 
category change detector 335. Category change detector 335 
uses time Stamp information to detect when a first portion of 
the audio signal that has been categorized in a first category 
ceases and when a Second portion of the audio signal 
categorized in a Second category begins. Category change 
detector 335 determines when a category of the audio signal 
changes and determines the identity of the two categories 
involved. Specifically, category change detector 335 is 
capable of determining that an audio Signal has changed 
from a speech Signal to a music Signal, or that an audio 
Signal has changed from a Silent signal to a speech Signal, 
and So on. 

0046 Category change detector 335 also detects when a 
first portion of the audio signal that has been categorized in 
a first Subcategory ceases and when a Second portion of the 
audio signal categorized in a Second Subcategory begins. For 
example, category change detector 335 is capable of deter 
mining that an audio signal has changed from a first Sub 
category of Speech with background music to a Second 
Subcategory of Speech with background noise. 

0047 Category change detector 335 also determines 
when a first portion of the audio Signal categorized in a first 
Speaker category ceases and when a Second portion of the 
audio Signal categorized in a Second Speaker category 
begins. Category change detector 335 determines when a 
Speaker category of the audio signal changes. Category 
change detector 335 is capable of determining that an audio 
Signal has changed from a first Speaker to a Second Speaker, 
or from a Second Speaker to a third speaker, and So on. 
0048 Category change detector 335 sends this informa 
tion to category change rate detector 340. Category change 
rate detector 340 detects the rate at which the various 
categories are changing. Category change rate detector 340 
uses time Stamp information to calculate how many times 
each particular category is changing within a unit time (e.g., 
one minute). 
0049 Category change rate detector 340 determines the 
rate of change for each of the categories. Category change 
rate detector 340 uses the rate of change for each of the 
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categories to determine an overall change rate. The overall 
change rate takes into account 1) the change rate of each 
category, and 2) the audio cut rate (i.e., the rate at which all 
of the categories are changing), and 3) the total length of 
time of each category, and 4) the ratio of the change rate of 
each category to the total length of time of the category 
within a given period of time. Category change rate detector 
340 then sends the information described above to boundary 
detector 345. 

0050 Boundary detector 345 uses the information 
(including the overall change rate) to locate the boundaries 
of Video programs and commercials. It is known that com 
mercials often contain diverse and rapidly changing audio 
categories. Commercials usually have a larger number of 
Speaker changes (within a given time) than do other types of 
Video Segments. If boundary detector 345 receives change 
rate information that shows that the rate of change of 
SpeakerS is above a preselected threshold value, then bound 
ary detector 345 may infer that a commercial is in progreSS. 
An appropriate threshold value may be obtained empirically 
by measuring the rate of change of Speakers for a large 
number of commercials. 

0051 Boundary detector 345 may assign a “weighting 
factor” to each change in each category. The weighting 
factor may be a number that represents the relative impor 
tance assigned to the category change in assessing the 
likelihood of locating a boundary at the point where the 
particular change in category occurs. For example, if it is 
determined that a change from “silence” to “music” is more 
likely to be associated with an initial boundary, then the 
numerical factor that represents that particular category 
change may be multiplied by a “weighting factor” to 
increase the relative impact of that particular category 
change in determining the likelihood of the existence of an 
initial boundary. 

0.052 In addition to the method described above, the 
“weighting factors' can be automatically computed directly 
from the category change features. In the multidimensional 
feature space used to describe audio classifier controller 270, 
each category (e.g., Speech, music) has a mean vector that 
represents the centroid of that category. The distances 
between each of those mean vectors is also a measure of the 
Significance of a category change. The distance between the 
means vectors can therefore be used to quantify the impor 
tance of a category change. 

0.053 Boundary detector 345 uses the audio categories 
(Such as speech, Silence, music and noise), and the audio 
Subcategories (Such as speech with background noise, music 
with background noise), and the speaker categories (such as 
identified speakers and unknown speakers). To determine 
the boundary of a commercial Segment, boundary detector 
345 selects the size of a time window. For example, for a 
commercial the size of the time window can be Selected to 
be twenty (20) seconds. Boundary detector 345 performs a 
Sliding window high-level feature extraction and classifica 
tion process to extract the following high-level features: 1) 
the rate of change of each category (i.e., how many times 
each category appears during the time window), 2) the 
length of each category within the time window (n-values 
for n categories), 3) the rate change of audio cuts (any 
category change) computed with the corresponding weight 
ing factors, and 4) the average audio cut distance. These four 

Oct. 14, 2004 

features are sent to a classifier (not shown) within boundary 
detector 345 (e.g., a nearest neighbor classifier) that deter 
mines whether the audio Segment within the time window is 
or is not a commercial Segment. If the classifier is a 
probabilistic classifier (e.g., a Bayesian classifier), then 
classifier determines a probability that the audio Segment 
within the time window is or is not a commercial Segment. 
0054) To determine the boundary of a program segment, 
boundary detector 345 selects the size of a time window. For 
example, for a program Segment the size of the time window 
can be selected to be five (5) minutes. 
0055 Boundary detector 345 then performs a sliding 
window high-level feature extraction and classification pro 
cess to extract the following high-level features: 1) the rate 
of change of each category (i.e., how many times each 
category appears during the time window), 2) the length of 
each category within the time window (adjusted by the 
weighting factor), 3) the rate change of audio cuts (any 
category change), and 4) the average audio cut distance. 
These four features are sent to a probabilistic classifier (not 
shown) within boundary detector 345 (e.g., a Bayesian 
classifier) that determines the probability that the audio 
Segment within the time window belongs to a particular 
class. For example, the audio Segment may belong to a 
dialog, or to a news Story, or to a music Video, or to a crowd 
Scene with Shouting, etc. The output values from the sliding 
window are Subjected to an analysis for a global minimum 
among the different Segments and to an overall analysis 
(e.g., for the last one hour of time). 
0056. The result is then analyzed with the help of heu 
ristics concerning program boundaries. Examples of heuris 
tics concerning program boundaries include 1) a musical 
audio logo is usually present at the Start of a news program, 
2) there is usually a commercial close to end of every 
program, 3) credits at the end of a movie are usually shown 
with music in the background, and 4) the identity of the 
Speaker (or speakers) almost always changes between pro 
grams. 

0057 FIG. 4 illustrates flow chart 400 depicting the 
operation of audio classifier controller 270, according to an 
advantageous embodiment of the present invention. Flow 
chart 400 depicts one advantageous method of operation of 
the present invention in audio classifier controller 270 in 
video recorder 150. Audio classifier controller 280 receives 
an audio signal from an audio signal source 300 (step 410). 
Audio classifier controller 270 classifies the audio signal 
into audio categories (and Subcategories) using classification 
algorithm 305 (step 420). Classification algorithm 305 iden 
tifies individual Speakers in each Segment in the “speech” 
audio category using information from Speaker identifier 
330 (step 430). Category change detector 335 then deter 
mines when each audio category (or Subcategory) changes 
(step 440). Category change rate detector 340 then deter 
mines the rate of change of audio categories (or Subcatego 
ries) (step 450). Boundary detector 345 then uses the rate of 
change information of audio categories (or Subcategories) 
for multifeature classification to locate boundaries of Video 
programs and commercials (step 460). 
What is claimed is: 

1. For use in a Video signal processor, a System for 
locating boundaries of Video programs and commercials 
comprising: 
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an audio classifier controller capable of receiving at least 
one audio category of at least one Segment of an audio 
Signal, and capable of determining at least one rate of 
change of Said at least one audio category, and capable 
of locating at least one of Said boundaries by comparing 
Said at least one rate of change of Said at least one audio 
category with a threshold value. 

2. The System as claimed in claim 1 wherein Said audio 
classifier controller comprises a classification algorithm that 
is capable of classifying audio signals to obtain at least one 
audio category for each Segment of Said audio Signal. 

3. The System as claimed in claim 2 wherein Said classi 
fication algorithm is capable of classifying audio signals into 
audio categories of Silence, music, noise and Speech. 

4. The System as claimed in claim 3 wherein Said audio 
classifier controller comprises a Speaker identifier compris 
ing a speech database that contains voice identification 
information of perSons whose voices have been identified, 
and wherein Said classification algorithm is capable of 
accessing Said Speech database of Said Speaker identifier and 
classifying Speech audio Signals of perSons whose voices are 
in Said Speech database of Said Speaker identifier as audio 
categories. 

5. The System as claimed in claim 4 wherein Said Speaker 
identifier comprises an unknown speaker database that con 
tains voice information of perSons whose Voices have not 
been identified, 

Wherein Said classification algorithm is capable of acceSS 
ing Said unknown speaker database and determining the 
number of unknown Speakers who speak within a given 
period of time, and 

wherein Said classification algorithm is capable of updat 
ing Said Speech database in Said speaker identifier to 
add voice identification information for newly identi 
fied Speakers. 

6. The System as claimed in claim 1 wherein Said audio 
classifier controller comprises a category change detector 
capable of receiving audio categories of Segments of Said 
audio signal, and capable of determining when an audio 
category of Said audio signal changes, and capable of 
determining the identities of Said audio categories before 
and after Said change of audio category. 

7. The System as claimed in claim 6 wherein Said category 
change detector is capable of detecting audio Subcategories 
of Segments of Said audio signal, and is capable of deter 
mining when an audio Subcategory of Said audio signal 
changes, and is capable of determining the identities of Said 
audio Subcategories before and after Said change of audio 
Subcategory. 

8. The system as claimed in claim 6 wherein said audio 
classifier controller comprises a category change rate detec 
tor capable of receiving information from Said category 
change detector concerning audio category changes, and 
capable of calculating the rates at which said audio category 
changes occur. 

9. The System as claimed in claim 8 wherein Said category 
change rate detector is capable of determining an overall 
change rate using information from the change rate of each 
category, the audio cut rate, the total length of time of each 
category, and the ratio of the change rate of each category to 
the total length of time of the category within a given period 
of time. 
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10. The system as claimed in claim 8 wherein said audio 
classifier controller comprises a boundary detector capable 
of receiving information from Said category change rate 
detector concerning audio category rate changes, and 
capable of classifying at least one feature concerning at least 
one audio category rate change using a multifeature classi 
fier to locate at least one boundary of a Video program 
Segment. 

11. The system as claimed in claim 10 wherein said 
boundary detector is capable of assigning a weighting factor 
to each change in each category, Said weighting factor 
comprising a number that represents the relative importance 
assigned to the category change in assessing the likelihood 
of locating a boundary at a point where a particular change 
in category occurs. 

12. The system as claimed in claim 10 wherein said 
boundary detector is capable of receiving information from 
Said category change rate detector concerning an overall 
change rate determined by using information from the 
change rate of each category, the audio cut rate, the total 
length of time of each category, and the ratio of the change 
rate of each category to the total length of time of the 
category within a given period of time, Said boundary 
detector capable of classifying at least one feature concern 
ing at least one overall change rate using a multifeature 
classifier to locate at least one boundary of a Video program 
Segment. 

13. A video signal processor capable of locating bound 
aries of Video programs and commercials comprising: 

an audio classifier controller capable of receiving at least 
one audio category of at least one Segment of an audio 
Signal, and capable of determining at least one rate of 
change of Said at least one audio category, and capable 
of locating at least one of Said boundaries by comparing 
Said at least one rate of change of Said at least one audio 
category with a threshold value. 

14. The Video signal processor as claimed in claim 13 
wherein Said Video signal processor comprises one of: 

a television receiver, a Video recorder, a device for receiv 
ing Streaming video data Signals, and a computerized 
personal multimedia retrieval System. 

15. An audio signal processor capable of locating bound 
aries of audio programs and commercials comprising: 

an audio classifier controller capable of receiving at least 
one audio category of at least one Segment of an audio 
Signal, and capable of determining at least one rate of 
change of Said at least one audio category, and capable 
of locating at least one of Said boundaries by comparing 
Said at least one rate of change of Said at least one audio 
category with a threshold value. 

16. The audio signal processor as claimed in claim 13 
wherein Said audio Signal processor comprises one of: 

a radio receiver, an audio recorder, a device for receiving 
a Source of Streaming audio data Signals, and a com 
puterized personal audio multimedia retrieval System. 

20. The method as claimed in claim 19, further compris 
ing the Steps of: 

accessing a speech database in a Speaker identifier within 
Said audio classifier controller that contains voice iden 
tification information of perSons who have been iden 
tified; and 
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classifying Speech audio signals of perSons whose Voices 
are in Said Speech database as audio categories. 

21. The method as claimed in claim 20, further compris 
ing the Steps of 

accessing a unknown Speaker database in Said Speaker 
identifier that contains voice information of perSons 
who have not been identified; 

determining the number of unknown Speakers who speak 
within a given period of time, and 

updating Said Speech database in Said Speaker identifier to 
add voice identification information for newly identi 
fied Speakers. 

22. The method as claimed in claim 17, further compris 
ing the Steps of 

receiving audio categories of Said audio Signal in a 
category change detector of Said audio classifier con 
troller; 

determining in Said category change detector when an 
audio category of Said audio signal changes, and 

determining in Said category change detector the identities 
of Said audio categories before and after Said change of 
audio category. 

23. The method as claimed in claim 22, further compris 
ing the Steps of: 

receiving audio Subcategories of Said audio Signal in a 
category change detector of Said audio classifier con 
troller; 

determining in Said category change detector when an 
audio Subcategory of Said audio signal changes, and 

determining in Said category change detector the identities 
of Said audio Subcategories before and after said change 
of audio Subcategory. 
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24. The method as claimed in claim 22, further compris 
ing the Steps of: 

receiving in a category change rate detector information 
from Said category change detector concerning audio 
category changes, and 

calculating the rates at which said audio category changes 
OCC. 

25. The method as claimed in claim 24, further compris 
ing the Steps of: 

determining in Said category change rate detector an 
Overall change rate using information from the change 
rate of each category, the audio cut rate, the total length 
of time of each category, and the ratio of the change rate 
of each category to the total length of time of the 
category within a given period of time; and 

classifying at least one feature concerning at least one 
Overall change rate using a multifeature classifier to 
locate at least one boundary of a Video Segment. 

26. The method as claimed in claim 24, further compris 
ing the Steps of: 

receiving information in a boundary detector of Said audio 
classifier controller from Said category change rate 
detector concerning audio category rate changes, and 

classifying at least one feature concerning at least one 
audio category rate change using a multifeature clas 
sifier to locate at least one boundary of a Video program 
Segment containing Said audio signal. 

27. The method as claimed in claim 26, further compris 
ing the Step of: 

assigning a Weighting factor to each change in each 
Category, 

wherein Said weighting factor comprises a number that 
represents the relative importance assigned to the cat 
egory change in assessing the likelihood of locating a 
boundary at a point where a particular change in 
category occurS. 
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