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[57] ABSTRACT 

A process for automatic electronic recognition and 
identification of programs and commercial advertise­
ments broadcast on te le vision and radio wherein a dig­
itally sampled reference signal segment derived from 
either the audio or video portion of the original pro­
gram content to be identified is compared with succes­
sive digitally sampled segments of the corrcsonding 
audio or video portion of a broadcast signal in a corre­
lation process to produce a correlation function signal. 
The sampling rates and the time duration of the refer­
ence signal segment and the broadcast signal segments 
are the same. When the signal segments which are 
compared are the same , the correlation function signal 
is relatively large and a recognition thereof is achie\"\:!U 
when such correlation function signal exceeds a se­
lected threshold level. The compared signal segments 
may also be obtained as low frequency signals derived 
from the original refe rence and broadcast signals by 
non-linear and envelope formation processing tech­
niques. 

14 Claims, 4 Drawing Figures 
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BROADCAST SIGNAL IDENTIFICATION SYSTEM 
This is a continuation of application Ser. No. 

290,835, filed on Sept. 21, 1972, now abandoned. 

DISCLOSURE OF THE INVENTION 

INTRODUCTION 

This invention relates generally to the identification 
of broadcast signals, such as television or radio broad­
cast signals, and, more particularly, to the detection, 
identification and logging of prerecorded portions of 
broadcast signals having a specialized program content, 
such as commercial advertisements. 

BACKGROUND OF THE INVENTION 

A large number of commercial advertisements repre­
senting a huge investment in time, money and effort are 

broadcast every day on television and radio stations 
throughout the country. In order to confirm that an ad­
vertiser's sales messages are reaching their desired and 
contemplated television or radio audiences at the cor­
rect times as selected by the advertisers and broadcast 
personnel connected therewith, it is necessary that the 
signals which are broadcast be appropriately reviewed 
and tabulated to provide adequate verification for both 
the broadcaster and advertisers that the stations carry­
ing the commercial messages are broadcasting the mes­
sages as contracted and that such broadcasts occur at 
the agreed upon times during the broadcasting sched­
ule. Accordingly, it is desirable that a convenient and 
economically feasible service be available for reviewing 
a large number of broadcasts to record such proof of 
performance to verify for an advertiser , for example, 
the broadcast of his own sales messages. In addition, 
such a service could provide information which would 
assist the broadcaster in his accounting and billing pro­
cedures related thereto as well as provide information 
to the advertisers on the extent and nature of broadcast 
advertising by their competitors. Moreover, such a ser­
vice could further provide sufficient information to de­
termine potential payments to actors and .actresses ap­
pearing in commercial advertisements, or other special 
program material, so that such payments are properly 
allocated under particular residual payment schemes 
which are utilized in the broadcast indutry. 

For such a service to be economically effective, it 
should provide substantially automatic review and tab­
ulation of the broadcasts of an extremely large number 
of stations in a prompt and efficient manner at reason­
able cost so that effective use can be made thereof for 
a large number of different subscribers. 

DISCUSSION OF THE PRIOR ART 

2 
mation with respect to each commercial advertisement. 
The results thereof can then be summarized in one or 
more suitable reports supplied on a periodic basis to in­
terested subscribers. Such review and tabulation is rela-

s tively inefficient since it is virtually economically im­

possible to monitor every broadcast throughout an en­
tire broadcast day on a large number of different televi­
sion and radio stations throughout the country, and 
then to provide a rapid and complete collection of re-

10 ports thereon in a reasonably effective manner. 
To date, the only techniques that have been used in 

attempts to provide such a service using substantially 
automatic electronic equipment have required the use 
of coded identifying signals inserted at appropriate 

I 5 times in each selected commercial advertisement at the 
time such program is recorded for subsequent broad­

cast. Thus, a selected part of the audio and/or video sig­
nals comprising each commercial advertisement must 
be set aside for the insertion of different coded infor-

20 mation for each program content which is to be tabu­
lated. The electronic equipment must then also include 
appropriate decoding means for receiving and decod­

ing each of the various coded signals which have been 
so broadcast to correctly identify the commercial ad-

25 vertisement involved. 
While large sums of money have been invested in an 

attempt to provide a workable system utilizing such 
coded signal techniques, this approach has been ham­
pered not only by technical and legal difficulties, but 

30 also by opposition from various sources within and as­
sociated with the broadcast industry. For example , in 
the use of coded signal techniques, the required alter­
ation of a portion of the signal which is broadcast re­

quires appropriate review ~nd approval not only by 
35 members of the broadcast industry but also, in the 

United States, by regulatory government agencies, such 
as the Federal Communication Commission, which 
agency up to now has been relatively cautious in not 
approving anything but the most minimal alteration of 

40 broadcast signals in this manner without relatively 
widespread acceptance thereof by those in the broad­
cast industry. Protests concerning the need for such sig­
nal alteration have been voiced on the basis that the al­
location of portions of the broadcast signal band for 

45 these purposes is unwarranted in view of the many 
other needs for bandwidth allocation which it is be­
lieved should have priority over the use of codes for 
such program monitoring. Further, special additional 
work must be performed by those who initially record 

SO the program portions to be monitored and such special 
techniques, as required for the necessary coding and 

decoding process, tend to make the use of such coded 
systems technically impractical and economically un­
desirable. 

55 

Although the design of substantially fully automatic 
systems for electronic reviewing and tabulating the 
content of broadcast signals for the above purposes has 
been attempted, no system has been successfully imple­
mented at the present time in the broadcast industry 
and none has yet proved fully acceptable for use by all 
segments of the industry as well as by appropriate gov- 60 
emment regulatory agencies, such as the Federal Com­
munications Commission in the United States, for ex­
ample. Accordingly, such review and tabulation up to 
this time has, in effect, been performed manually 
through the use of a large number of persons, each of 65 
which selectively monitors a particular television or 
radio broadcasting station and notes in a suitable log, 

DESCRIPTION OF THE INVENTION 

This invention utilizes a process for completely auto­
matic electronic detection and identification of re­
corded commercial advertisements, or other special­
ized program content, in television or radio broadcasts. 
The addition of codes or other alterations to the broad­

cast material is completely unnecessary. In accordance 
with the invention a pattern recognition technique is 
utilized which technique permits an audio or a video 
signal which constitutes the program or commercial ad­
vertisement which is to be identified to effectively act 
as its own code. That is, a segment of the audio signal, 

for example, the date, time and other identifying infor-
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for example, of each program or commercial advertise­
ment which it is desired to recognize is stored in a suit­
able memory storage device to form a unique set of 
stored waveform patterns (i.e., in effect, a set of finger­
prints or signatures, one for each of the commercial ad­
vertisements that are involved) against which all future 
monitored broadcast information is compared. This 
technical approach, therefore, in no way involves regu­
lating agencies such as the FCC or special work by 
those who initially record the programs or commer­
cials, since no alteration of the signal which is broad­
cast is in any way involved. Although the approach of 
the invention as discussed in detail herein utilizes the 
audio signal for the purpose of recognizing the occur­
rence of a program or a commercial advertisement, the 
invention could also utilize the video signal instead of, 
or in addition to, the audio signal. 

The pattern recognition technique used in the pro­
cess of this invention is a mathematical waveform ma­
nipulation known as correlation. Correlation theory, 
per se, is described in the literature, as, for example, in 
Y. W. Lee, Statistical Theory of Communications, John 
Wiley & Sons, New York, 1967; N. A. Anstey, "Corre­
lation Techniques - A Review," Journal of the Cana­
dian Society of Exploration Geophysicists, Vol. 2, No. 1, 
December 1966; and J. R. Klauder et al., "The Theory 
and Design of Chirp Radars," The Bell System Tee/mi­
ca/ Journal, Vol. 39, No. 4, July 1960. Accordingly, the 
use herein of the term "correlating" is intended to 
mean the mathematical operation of correlation as de­
scribed in such literature, the theory thereof not requir­
ing any further detailed description herein. The appli­
cation of correlation techniques to the problem of de­
tecting and identifying commercial advertisements on 
television and radio, however, is unique and has not 
been practiced or even suggested prior to this inven­
tion, even though there has been a well documented 
need for the aforementioned automatic electronic de­
tection and identification systems for many years. This 
unique application of the mathematical correlation 
process to the specific task of detecting and identifying 
recorded commercial advertisements represents, there­
fore, the primary crux of the invention. 

[n brief, correlation is a mathematical means of mea­
suring how well two waveforms compare. If one of the 
two waveforms is of finite length and is permanently 
stored in an appropriate memory storage device, a run­
ning comparison of the finite stored waveform against 
a second continuous waveform may be accomplished 
through on-line solution of the correlation integral 
equation to produce a third waveform known as the 
correlation function. When the continuous waveform 
contains a signal segment (which may even be ob­
scured by noise) which matchl!s the stored waveform, 
the correlation function attains a large value. The sens­
ing of this large value constitutes a recognition, and is 
the process by which the occurrence of a commercial 
advertisement is recognized in the process of the inven­
tion. 

The method described above in its simplest form is 
generally satisfactory so long as the broadcast stations 
use video tape, audio tape or film systems which main­
tain the same linear speeds during the actual broadcast 
as that utilized when the reference signal segment was 
initially formed and stored. However, because a partic­
ular commercial advertisement is often broadcast by 
many different broadcasting stations at many different 

4 
times, the recorded signal may be subject to slight tape 
speed variations from broadcast to broadcast, due, for 
example, to the presence of"wow" and "flutter" in the 
tape transport systems which are used. Such tape speed 

5 variations have the effect of either compressing or ex­
panding the signal waveform which is being broadcast 
so as to cause it to appear somewhat dissimilar to the 
stored reference. If the tape speed variations are suffi­
ciently large, this phenomenon may even prevent the 

1 O desired recognition of the reference signal pattern 
which is contained in the broadcast signal. 

In an important embodiment of the process of the in­
vention, the above problem is overcome in a manner 
which greatly reduces the sensitivity of the pattern ree-

l 5 ognition process to tape speed variations as is discussed 
below. Such embodiment utilizes the basic correlation 
technique already discussed with respect to the broad 
concept of the invention, but further includes the use 
of low, sub-audio frequency information which is de-

20 rived from the broadcast signal for purposes of the pat-
tern recognition process. 

To understand briefly the latter embodiment, it is 
useful to regard the audio signal as a carrier which has 

25 
been effectively amplitude modulated by very low fre­
quencies corresponding to syllabic rates of spoken 
words, to the rates at which notes are played in music, 
and so forth. The process in this embodiment of the in­
vention uses a non-linear processing and envelope sig-

30 nal formation scheme in order to extract energy at the 
lower frequencies described above. Specifically, the ef­
fective audio carrier of the reference and broadcast sig­
nals can be appropriately processed in a non-linear 
manner to produce signals from which envelope signals 

35 are obtained, the envelope signals being digitized and 
appropriately compared by a correlation process, as 
discussed above. Extensive empirical work has conclu­
sively shown that recognition results, particularly when 
using envelope signals having sub-audio signal compo-

40 nents, are far less sensitive to tape or film projector 
speed variations than those obtained using the raw 
audio signal itself. 

As discussed in more detail below, an additional ex­
tremely important and valuable advantage of using the 

45 low frequency, or sub-audio, information mentioned 
above is that an enormous speed-up in the rate of pro­
cessing recognition information in a central processing 
unit relative to real-time rates is possible, providing an 
advantageous economic impact on the value of such a 

50 system. Without the possibility of such effective pro­
cessing speed-up, the processing of data from many 
hundreds of broadcasting stations might possibly re­
quire processing capacity so large as to make the sys­
tem economically infeasible in the event that large 

55 amounts of recognition processing are to be accom­
plished. 

60 

In addition to the recognition of particular commer­
cial advertisements, a total automatic system is also re­
quired to determine and record additional information 
such as the city and broadcasting station involved, the 
time and date of such recognition, and other such ap­
propriate information which can be suitably recorded, 
as on a magnetic tape, for subsequent use as input in-

65 formation to a data processor. The data processor, in 
turn, can then process large volumes of such informa­
tion leading to appropriate reports or other services to 
subscribing clients. 
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The automatic electronic process for detecting and ing as shown in FIG. I. Such signal, for example, can 

identifying commercial advertisements as described be appropriately stored on magnetic tape as it is being 

above is the only approach known at this time which broadcast for subsequent processing or it may be pro-

does not require the addition of a code or other alter- cessed in real time as the broadcase is actually made. 

ation to the broadcast signal. There arc a number of s In the signal recognition process, the broadcast signal 

possible approaches to the design of equipment to im- is first converted from analog to digital form through an 

plement the method of the invention. For example, the appropriate analog-to-digital conversion process as 

recognition and logging of occurrences could be ac- shown by block 12 in FIG. I. Digitized segments of the 

complished in real-time at on-site locations near the broadcast signal, each having the same time duration as 

broadcasting stations which are monitored. Altema- 10 the stored reference signal segment, arc successively 

lively, information could be recorded at on-site loca- stored in an appropriate storage device , such as a digi-

tions and later processed at a central processing station ta! shift register, as shown by block 13. 

for purposes of recognizing the occurrences. In any The stored reference digital signal segment A as 

case, it is possible to monitor each of hundreds of shown in FIG. 2 is then continuously compared with 

broadcasting stations for thousands of programs or l S each successive signal segment of the broadcast signal 

commercials . More detailed descriptions of appropri- in the correlation step shown by block 14. Thus, for ex-

ate embodiments of the above-described invention are ample, a digital segment Bis compared with reference 

discussed below with reference to the accompanying digital segment A in the correlation process. Because 

drawing wherein the waveform characteristics of the compared scg-

FIG. 1 shows a block diagram illustrating the steps of 20 ments differ, the correlation function signal obtained 

the process of the invention; from the correlation process is essentially small, or ef-

FIG. 2 depicts various waveforms associated with the fectively zero. The next successive signal segment of 

block diagram of FIG. l ; the monitored broadcast signal , i.e. , signal segment C 

FIG. 3 shows a block diagram illustrating the steps of in FIG. 2, is then compared with reference signal A and 

an alternative embodiment of the invention; and 25 the correlation process again yields a correlation func-

FIG. 4 depicts various waveforms associated with the tion of essentially zero. Thereupon, each successive sig-

block diagram of FIG. 3. nal segment of the monitored broadcast signal is com-

FIG. 1 shows in broad diagrammatic form the process pared with reference signal A until digital signal seg-

of the invention for providing a codeless signal identifi- ment A' is compared. The latter signal segment repre-

cation technique for detecting and identifying the pres- 30 sents the portion of the broadcast signal which is the 

ence of a particular program content in television or same as that portion of the reference signal which was 

radio broadcast signals. As can be seen therein, a originally stored as the reference signal segment A and , 

source for the reference signal is utilized which refer- accordingly, it has the same waveform, both in analog 

ence signal is a replica of the signal which is to be later and digital form, as that 01 the reference signal seg-

recognized. The source reference signal input, for ex- 35 ment. When segment A is compared with segment A', 

ample, may be a recorded commercial advertisement, the amplitude of the correlation function signal be-

or the like, which has a fixed time duration anywhere comes relatively large as shown by the large amplitude 

from a f~w seconds to a minute or more. In the embodi- portion 17 of the correlation function signal of FIG. 2. 

ment described, such signal input is an audio signal, for The presence of such a large amplitude pulse-like 

example, and is converted to digital form by an appro- 40 portion indicates that a recognition has been made and 

priate A-to-D conversion process 10 in a well-known that the broadcast signal contains the program content 

manner. from which the reference signal segment was originally 

A selected segment of the digitized source reference taken. The amplitude level of the correlation function 

signal, such as Segment A in FIG. 2, is thereupon stored signal is continuously sensed so that a recognition sig-

in an appropriate memory storage device as, for exam- 45 nal in the form of a pulse 18 of fixed amplitude and du-

ple, a digital storage shift register as shown by block 11. ration is provided when the correlation function signal 

The selected segment will be a portion of the input sig- amplitude exceeds a predetermined threshold level, as 

nal having a suitably chosen time duration, e.g., in one shown by the amplitude level sensing and threshold de-

satisfactory embodiment the time duration for the se- cision block 15 in FIG. 2. Thus, the recognition signal 

lected segment was chosen as eight seconds. The time so 18 is present only when a recognition of the identity be-

duration is selected to be sufficiently long so as to pro- tween a monitored broadcast signal segment and the 

vide a unique segment sample of the source signal. By reference signal segment is recognized by the correla-

the term "unique" it is meant that the probability that tion process, each such recognition signal thereby pro-

the waveform characteristics of a selected sample sig-
55 

viding an indication of such presence for use as desired. 

nal segment of a broadcast signal has the same wave- Thus, the recognition signal may be used to actuate 

form characteristics as those of any other sample signal various recording devices for tabulating the date and 

segment of any other broadcast signal having the same time of the recognition with reference to the broadcast 

time duration is essentially zero. schedule of the particular broadcast being monitored, 

With the reference signal segment appropriately 60 the call letters of the station and the city from which 

stored for ultimate use in aa digital signal comparison the broadcast emanated. Procedures for such utiliza-

process, it is now possible, in accordance with the pro- tion of the recognition signal are well known in the art 

cess of the invention, to recognize the presence in a and can be set up in accordance with the needs of the 

broadcast signal of the particular program content users of the system. Other processing of the informa-

from which the reference signal segment has been 65 tion can be performed by an appropriate data process-

taken. Thus, a broadcast signal which, for example, ing means for providing tabulations and reports of the 

represents a continuous signal as broadcast by a partic- program performances to various subscribers who 

ular television or radio station, is obtained for process- make use of the system. 
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As discussed above, the system shown and described 
with reference to FIGS. 1 and 2 is generally satisfactory 
so long as the broadcast signal is being broadcast by a 
station using a video or audio tape system which pro­
vides substantially the same linear tape speed as that 
utilized when the reference signal segment was initially 
fom1ed. However, because a particular program con­
tent, such as a commercial advertisement, for example, 
may be broadcast by various broadcasting stations at 
various times either on the same day or over a more 
prolonged period of time, the video or audio taped 
broadcast signal may be subject to slight tape speed 
variations due to the presence of different characteris­
tics, such as wow and flutter, in the different tape trans­
port systems which are used or in the same tape trans­
port system as used at different times. Such tape speed 
variations have the effect of either slowing down or 
speeding up (i.e., compressing or expanding) the wave­
form which is being broadcast and, hence, produce cor­
responding changes in the waveform characteristics of 
the sampled signal segments which are being compared 
to the fixed reference signal segment. If the tape speed 
variations are sufficiently large such compression or ex­
pansion effects may prevent the desired recognition of 
the signal pattern which is contained in the broadcast 
signal. 

In order to overcome any problems which may arise 
in some applications of the process of the invention, as 
when tape speed variations are sufficiently severe, for 
example, a preferred embodiment of the process of the 
invention includes a process for treating the reference 
and broadcast signals involved in a manner which re­
duces the sensitivity of the comparison process to tape 
speed variations. 

Broadly, such a process utilizes the basic correlation 
comparison techniques described above and further in­
cludes the formation of envelope signals having sub­
stantially low, and preferably sub-audio, frequency sig­
nal components derived from the reference and moni­
tored broadcast signals, which envelope signals are 
used in the comparison process. To understand such a 
process it is helpful to consider the audio, or video, sig­
nals involved as including a carrier signal which is am­
plitude modulated by very low frequencies correspond­
ing to syllabic frequency rates. These low modulating 
frequencies are well under 100 Hz. and are concen­
trated at frequencies below 30 Hz. The proces.<; for uti­
lizing such low frequency signal components derived 
from the higher frequency audio or video signals can be 
best described with the help of FIGS. 3 and 4, the for­
mer figure showing a block diagram effectively depict­
ing the steps involved in such process and the latter fig­
ure showing various waveforms present in the process 
of FIG. 4. Accordingly, in the system suggested therein 
the source reference signal 25 as seen in FIG. 4 is first 
processed in a non-linear manner, as shown by block 
26 of FIG. 3, to produce a non-linear signal. A number 
of appropriate non-linear processing schemes can be 
used for this purpose, including rectifying the signal by 
the use of either full-wave or half-wave rectification, 
squaring the signal, applying a longarithmic operation 
to the signal, and the like. FIG. 4, for example, depicts 
a non-linear signal 27 which results from a full-wave 
rectification of the source reference signal 25. 

An envelope signal which in the preferred embodi­
ment shown effectively represents the envelope of the 
non-linear signal 27 is then formed as shown by block 

8 
28 of FIG. 3. Such an envelope waveform can be gener­
ated through the use of an appropriate peak detection 
process or by the use of low-pass filtering, or by other 
suitable processes to produce the desired low fre-

5 quency envelope signal, or waveform, shown by the 
dashed line waveform 29 and by the solid line envelope 
reference signal 38 in FIG. 4. The envelope reference 
signal so produced has relatively low frequency compo­
nents, generally less than 100 Hz, for the most part, and 

10 most heavily concentrated below 30 Hz. The envelope 
reference signal is then converted from analog to digi­
tal form by an A-to-D conversion process as shown by 
block 30 of FIG. 3 by being appropriately digitally sam­
pled at a selected sampling rate and over a selected 

15 time duration in the same manner as the A-to-D con­
version process discussed in connection with the de­
scription of the system shown in FIGS. I and 2. In this 
case the envelope reference signal segment "Y" of the 
envelope signal can be sampled at a very much lower 

20 sampling rate than the reference signal segment A 
formed in the raw audio signal in FIG. 2. It should be 
noted that the digitally sampled reference signal seg­
ment in this instance docs not represent the audio sig­
nal which is prepared for broadcast but merely repre-

25 sents a signal derived therefrom, through the non-linear 
and envelope processing, which reference signal seg­
ment effectively contains the syllabic frequency com­
ponents of the audio signal, as described above. 

The digitally sampled envelope reference signal seg-
30 ment is then stored in a storage device, such as a digital 

shift register, as in the previously discussed process of 
FIG. I and as shown by block 31 of FIG. 3. The moni­
tored broadcast signal is similarly processed by appro­
priate non-linear processing and envelope formation 

35 techniques and the envelope signal Gppropriatcly digi­
tally sampled and stored in the form of successive sig­
nal sample segments of the envelope signal derived 
from the monitored broadcast signal, as shown by 
blocks 32, 33, 34 and 35 of FIG. 3. The stored refer-

4o ence signal segment is then compared in a correlation 
process with the successive monitored signal segments 
and the level of the correlation function signal appro­
priately sensed to produce the desired recognition sig­
nal as shown by blocks 36 and 37 in FIG. 3 in a manner 

45 similar to that discussed with reference to FIGS. 1 and 
2. It has been found that when an envelope signal, par­
ticularly when such signal has syllabic, or low fre­
quency, components, is obtained from the original ref­
erence program content and from the monitored 

50 broadcast signal for correlation purposes, the digitally 
sampled waveforms of sampled signal segments which 
are to be compared, are much less sensitive to tape 
speed and other channel transfer function variations 

55 
which produce an effective compression or expansion 
of the audio signal which is being broadcast. Thus, even 
were such variations to occur, the digitally sampled sig­
nal segments which are to be compared in the correla­
tion process of the invention remain effectively un-

60 changed so that more certain recognition thereof oc­
curs than if the original audio signal is used in the cor­
relation process. 

As mentioned above, an additional important advan­
tage in using the envelope signal concept lies in the im-

65 provement in data processing speed which can be 
achieved in processing the broadcast signals. Thus, if a 
central processing unit is used to correlate that data 
which has been previously sampled a11J recorded, for 
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example, there is always a maximum rate at which the 
digital information can be entered into the correlation 
processing unit for comparison . Thus, the more slowly 
one digitally samples the signals which are to be com­
pared, the greater is the speed-up factor which can be 5 
obtained in going from the real-time signal sampling 
rates to the processing rates. For example, if the audio 
signal from a broadcast station can be digitally sampled 
at SO Hz and a processor can accept and process such 
data at 10,000 Hz, then every 10,000 hours of broad- 10 

cast time can be processed by a central processing unit 

10 
sensing the amplitude level of said correlation func­

tion signal to provide a recognition signal when the 
amplitude of said correlation function signal ex­
ceeds a selected threshold level to identify the pres­
ence of said program or commercial advertisement 
in said broadcast signal. 

2. A process in accordance with claim 1 wherein said 
correlation process includes the steps of 

storing a digitally sampled reference signal segment 
in a first storage device; 

storing each of said plurality of digitally sampled 
broadcast signal segments successively in a second 
storage device; 

successively correlating said stored reference signal 
segment with each said stored broadcast signal seg­
ment to produce said correlation function signal. 

in SO hours. The lower the digital sampling rate that 
can be used in the sampling process the larger the num­
ber of broadcast hours which can be processed in any 
specified time duration by the central processing sta- 15 

tion. Accordingly, the use of an envelope signal con­
taining low frequency components, particularly in the 
sub-audio range as discussed above, permits the use of 
very low digital sampling rates which would not be pos­
sible if the raw audio signal itself were to be used. An 
enormous speed-up in the processing rates relative to 
the real-time rates at which said sampling occurs in 
thereby possible. Without the capability for obtaining 
such a speed-up in the processing time, the processing 

3. A process in accordance with claim 2 wherein said 
reference and broadcast signals are originally in analog 
form and further wherein said processed reference sig-

20 nal and said processed broadcast signal are derived 
from the audio signal portions of said reference and 
broadcast signals. 

of data from many hundreds of broadcasting stations 
might possibly require a processing capacity so large as 

4. A process for automatic electronic recognition and 
identification of programs and commercial advertise-

25 ments broadcast on television and radio, said process 
comprising the steps of 

to make the economic use of the signal identification 
system infeasible. However, the high ratio of processing 
rate to sampling rate makes the processing of data from 
several hundred broadcasting stations economically 30 

sound and, therefore, the system becomes effective in 
use for the broadcast industry. 

What is claimed is: 
1. A process for automatic electronic recognition and 

identification of programs and commercial advertise- 35 
ments broadcast on television and radio, said process 
comprising the steps of 

processing a reference signal which constitutes the 
program or commercial advertisement to be identi­
fied to produce a processed reference signal having 4o 
frequency components in the sub-audio frequency 
range corresponding to the syllabic frequency rates 
of the information content of said signal to be iden­
tified; 

generating a digitally sampled reference signal seg- 45 

ment having a selected sampling rate and time du­
ration, said reference signal segment representing 
at least a part of said processed referenced signal; 

processing a broadcast signal in the same manner as 
50 said reference signal so as to produce a processed 

broadcast signal having frequency components in 
the sub-audio frequency range corresponding to 

processing a reference signal which constitutes the 
program or commercial advertisement to be identi­
fied in a non-linear manner to produce a non-linear 
signal; 

forming an envelope of said non-linear signal to pro­
duce an envelope reference signal; 

generating a digitally sampled envelope reference 
signal segment having a ~elected sampling rate and 
time duration, said envelope reference signal seg­
ment representing at least a part of said envelope 
reference signal; 

processing a broadcast signal in the same non-linear 
manner as said reference signal to produce a non­
linear signal; 

forming an envelope of said non-linear signal to pro­
duce an envelope broadcast signal; 

generating a plurality of successive digitally sampled 
envelope broadcast signal segments each having 
the same sampling rate and time duration as the se­
lected sampling rate and time duration of said en-
velope reference signal segment; 

correlating each successive envelope broadcast sig­
nal segment with said envelope reference signal 
segment to produce a correlation function signal 
which has a relatively small amplitude level when 
said correlated signal segments are different and a 
relatively large amplitude level when said corre­
lated signal segments are the same; 

55 sensing the amplitude level of said correlation func­
tion signal to provide a recognition signal when the 
amplitude of said correlation function signal ex­
ceeds a selected threshold level to identify the pres­
ence of said program or commercial advertisement 
in said broadcast signal. 

the syllabic frequency rates of the information con­
tent of said broadcast signal; 

generating a plurality of successive digitally sampled 
broadcast signal segments, each said digitally sam­
pled broadcast signal segment having the same 
sampling rate and time duration as the selected 
sampling rate and time duration of said reference 60 
signal segment; 

correlating each successive broadcast signal segment 
with said reference signal segment to produce a 
correlation function signal which has a relatively 
small amplitude level when said correlated signal 
segments are different and a relatively large ampli­
tude level when said correlated signal segments are 
the same; and 

5. A process in accordance with claim 4 wherein said 
correlation process includes 

storing said digitally sampled envelope reference sig-
65 nal segment in a first storage device; 

storing each of said digitally sampled envelope 
broadcast signal segments successively in a second 
storage device; and 
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successively correlating said stored envelope refer­
ence signal segment with each of said stored enve­
lope broadcast signal segments to produce said cor­
relation function signal. 

6. A process in accordance with claim 4 wherein said 5 

non-linear processing of said reference signal and said 
broadcast signal includes rectifying said reference sig­
nal and said broadcast signal, respectively. 

12 
11. A process in accordance with claim 4 wherein the 

envelope signals of said non-linearly processed refer­
ence signal and said non-linearly processed broadcast 
signal are formed by a low-pass filtering process. 

12. A process in accordance with claim 4 wherein the 
frequency components of said envelope reference sig­
nal and said envelope broadcast signal are generally 
below 100 Hz. 

13. A process in accordance with claim 5 wherein 7. A process in accordance with claim 6 wherein said 
rectification is a full-wave rectification. 

8. A process in accordance with claim 6 wherein said 
rectification is a half-wave rectification. 

10 said envelope reference and envelope broadcast signals 
arc in analog form and further wherein said envelope 
reference signal segment and said envelope broadcast 
signal segments are derived from the audio signal por-9. A process in accordance with claim 4 wherein said 

non-linear processing of said reference signal and said 
broadcast signal includes squaring the amplitudes of 15 
said reference signal and said broadcast signal , respec­
tively . 

10. A process in accordance with claim 4 wherein the 
envelope signals of said non-linearly processed refer­
ence signal and said non-linearly processed broadcast 20 
signal are formed by a peak detection process. 

25 

30 

35 

40 

45 

50 

55 

60 

65 

tions of said reference and broadcast signals. 
14. A process in accordance with claim 5 wherein 

said envelope reference and envelope broadcast signals 
arc in analog form and further wherein said envelope 
reference signal segment and said envelope broadcast 
signal segments are derived from the video signal por­
tions of said reference and broadcast signals. 

* * * * * 


