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7) ABSTRACT

A system identifies which of first and second signal sources
is supplying a program signal to a monitored receiver. The
first and second signal sources and the monitored receiver
are located in a household. The system extracts a reference
program signature representative of an output of the moni-
tored receiver and first and second source program signa-
tures representative of an output of the first and second
signal sources. The system identifies-which of the first and
second signal sources is a source of the program signal in
response to the reference program signature and the first and
second source program signatures.
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SOURCE DETECTION APPARATUS AND
METHOD FOR AUDIENCE MEASUREMENT

FIELD OF THE INVENTION

[0001] The invention relates to the field of television
audience research, and more particularly, to the detection of
the viewing of television signals originating from a signal
source within a statistically sampled household.

DESCRIPTION OF PRIOR ART

[0002] As disclosed by Thomas et al., in U.S. Pat. No.
5,481,294, which is assigned to the same assignee as the
present invention and the disclosure of which is herein
incorporated by reference, the signal (i.c., television or
radio), that has been selected, and is being viewed or heard,
by an audience member on a television or radio receiver in
a statistically selected household, may be determined by
ascertaining the channel to which the tuner of the television
or radio is tuned. This channel information is stored locally
for subsequent retrieval by a central data collection office.
The central data collection office matches the retrieved
channel information against a cable/station record which
indicates which station corresponds to which channel and/or
against a program record list of television or radio programs
which were transmitted on that channel in order to determine
the television or radio program that the audience member
selected. As noted in U.S. Pat. No. 5,481,294 by Thomas et
al., this process becomes cumbersome as the number of
signal sources, the number of channels, the changes to
channel mappings at a cable head-end, and/or the number of
television or radio programs increase, and can fail to pro-
duce usable data if there is an error in the program record list
that provides the concordance between channels and pro-
grams.

[0003] Several approaches have been proposed that are
intended to avoid the cumbersome cable/station record and/
or program record list manner of keeping track of which
station and/or which programming is available from which
signal source and channel within a sampled household. As
an example, one such approach has employed a program
monitoring system that reads an identifying code embedded
in the program, and uses the ancillary code to identify the
program to which the television or radio was tuned.

[0004] As another example, a program signature is
extracted from the program signal selected for use (i.e., for
viewing if the signal is a television signal, or for listening if
the signal is a radio signal) in the sampled household and is
later compared to previously extracted reference signatures
in an effort to match the program signature to a previously
extracted reference signature in order to thereby identify the
selected program. Accordingly, this signature approach is a
correlation system which uses a sample frequency that is
less than the frequency of the program signal.

[0005] Such monitoring equipment in the sampled house-
hold also stores a time stamp in addition to the ancillary code
or program signature. The time stamp is used to determine
the time and date of viewing and/or listening relative to the
selected program.

[0006] Thomas et al., in U.S. Pat. No. 5,425,100, and U.S.
Pat. No. 5,526,427, both of which are assigned to the same
assignee as the present invention, teach a hierarchical,
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multi-level encoding system for identifying a transmitted
program by reading an ancillary program identifying code
which is sequentially added to the program as it passes
through various stages of a program distribution network.
The disclosures of U.S. Pat. No. 5,425,100 and U.S. Pat. No.
5,526,427 are hereby incorporated by reference. Other pro-
gram monitoring systems employing ancillary codes which
are embedded in a transmitted program are taught by Hasel-
wood et al. in U.S. Pat. No. 4,025,851, and by Crosby in
U.S. Pat. No. 3,845,391.

[0007] A program monitoring system that exclusively
relies on ancillary codes may produce inaccurate results
when ancillary codes are either intentionally or accidentally
omitted from program signals. Even when the original
program signal is encoded with an ancillary code, there is a
risk that the ancillary code will be intentionally removed
before the program signal is viewed or heard. There is also
the risk that ancillary codes may be accidentally removed
before the program in which they are embedded is viewed or
heard. For example, ancillary codes that are embedded in
video or audio program signals so that they are undetectable
to a viewer or listener, or so that they are at least unobtrusive
enough to be no more than minimally detectable by a viewer
or listener, are commonly stripped from the video or audio
program signals when the video or audio program signals
are compressed (e.g., such as by the MPEG II compression
scheme used with digital television signals).

[0008] Moreover, ancillary codes, which are inserted into
vertical blanking intervals (VBI) of the video portions of
program signals, and which survive passage through the
signal transmission chain so as to be received by a user’s
television receiver, are commonly removed from the video
before the video is applied to the CRT of a television. As a
result, non-intrusive acquisition of these VBI ancillary codes
is impractical because such non-intrusive acquisition usually
requires the use of probes which generally pick up the video
sent by the tuner to the CRT after the VBI ancillary codes
have already been stripped from the video.

[0009] Therefore, ancillary codes in the vertical blanking
interval are more easily detected if the monitored television
receiver is opened so that leads of the monitoring equipment
can be soldered to video test points of the television receiver
at which the ancillary codes are still present. However, such
an arrangement is intrusive, leading to objections by the
members of the statistically sampled households.

[0010] Signal comparison program monitoring systems,
other than signature matching systems such as those
described above, have also been used in order to determine
the signal sources (e.g., channels) of the programs being
viewed or heard. One of the oldest known signal comparison
program monitoring systems compares a synchronization
component of a television program signal selected by a
television tuner with a corresponding synchronization com-
ponent in a program signal selected by a reference tuner.
This signal comparison program monitoring system credits
viewing to the signal source selected by the reference tuner
when and if the two synchronization components match
within some predetermined error.

[0011] Currey, in U.S. Pat. No. 3,372,233, provided an
early teaching of such a program monitoring system which
compared the phasing of vertical synchronization signals for
this purpose. Currey’s approach was not particularly suc-
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cessful because there are times when the vertical synchro-
nization components from different signal sources occasion-
ally match. When this type of matching occurs, the program
source measurement is ambiguous. Solar, in U.S. Pat. No.
4,764,808, and Gall, in U.S. Pat. No. 4,847,685, provided
improved synchronization component measurement systems
that did not entirely overcome the basic shortcoming of the
Currey approach. In U.S. Pat. No. 5,294,977, Fisher et al.
disclosed a synchronization component based measurement
system operating in a restricted environment in which such
phase coincidences can be avoided.

[0012] Another signal comparison program monitoring
system correlates a receiver signal, which may be extracted
from a receiver being monitored, with a reference signal,
which may be supplied by a reference tuner that is tuned
consecutively to the possible program signal sources to
which the monitored receiver may be tuned. This correlation
system determines the channel being viewed or heard when
the correlation between the receiver signal from the moni-
tored receiver and the reference signal from the reference
tuner exceeds some predetermined value. This monitoring
approach was initially adapted for the purpose of in-home
identification of viewed television programs by Kiewit et al.
in U.S. Pat. No. 4,697,209, the disclosure of which is herein
incorporated by reference. The teachings of Kiewit et al.
have been expanded upon by Thomas et al., in U.S. Pat. No.
5,481,294, who described the use of signatures extracted
from either a video component or an audio component of a
receiver signal, and who discussed the operational advan-
tages of using non-invasive sensors to acquire the compo-
nents.

[0013] A further comparison program monitoring system
was placed in commercial service in 1984 by the A. C.
Nielsen Company and was internally referred to as the Real
Time Correlation (RTC) system. The RTC system used a
combination of (i) vertical synchronization component
matching and (ii) audio correlation in order to identify an
unknown signal. The RTC system did so by first making a
preliminary identification based upon matching of vertical
synchronization components. However, this preliminary
identification would not be unique if the unknown transmit-
ted signal, for example, was one of several sync-locked
signals originating at a local cable head-end. Therefore, the
RTC system resolved ambiguities by correlating the audio
component of the selected transmitted signal from the moni-
tored television with the audio component of the reference
signal from the reference tuner whose synchronization com-
ponent matched the synchronization component of the trans-
mitted signal.

[0014] Correlation program monitoring systems are gen-
erally more robust and less affected by signal degradation
than are code reading program monitoring systems. Even so,
a signal correlation program monitoring system, which
compares two signals (e.g., a receiver signal selected by a
monitored television at a television viewing site in a statis-
tically sampled household, and a reference signal selected by
a reference tuner at a different local reference site), works
best when the two signals to be correlated are both high
quality replicas of what was actually transmitted. If one of
the correlated signals, such as the receiver signal selected by
the monitored television, is acquired by a non-intrusive
sensor at the television viewing site, and if the other corre-
lated signal, such as the reference signal selected by the
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reference tuner, is acquired from the audio or video circuitry
of a tuner at a different local reference site, artifacts intro-
duced by the non-intrusive measurement at the television
viewing site may have a substantial adverse impact on the
correlation between the receiver and reference signals. To
reduce such artifacts, Thomas et al., in the aforementioned
U.S. Pat. No. 5,481,294, teach the suppression or removal of
background noise from an audio signal acquired by a
non-intrusive microphone at the receiver viewing or listen-
ing site.

[0015] Another problem facing signal correlation systems
is that, because signal correlation systems require an ongo-
ing collection of reference signatures by equipment dedi-
cated to monitoring the signals transmitted from each pro-
gram signal source in whatever regional market is being
measured, the operating cost of a signature-based program
monitoring system is generally higher than that of a com-
parable program monitoring system relying on ancillary
codes.

[0016] A problem facing all, or nearly all, program moni-
toring systems arises from signal sources which originate
within the household itself. Signal sources of this sort may
include computers or video games, which use the monitored
television’s display, and video cassette (or tape) recorders,
which play program signals that were recorded at earlier
times or that are recorded on rental cassettes (or tapes). The
use of such local signal sources is, with one exception to be
discussed below, systematically excluded from a long-es-
tablished audience measurement parameter called “House-
holds Using Television” (HUT) because the use of a tele-
vision receiver with a locally generated signal does not fall
within the scope of conventional television audience mea-
surements.

[0017] Moreover, if a local signal source is not identified
as such, a program monitoring system could either (i)
erroneously count viewing or listening based on this local
signal source as it would count viewing or listening based
upon a remote signal source, or (ii) label the viewing or
listening based on the local signal source as an unidentified
activity. Either way, viewing or listening based upon a local
signal source would be included as contributions to the
overall HUT value reported by the program monitoring
system in such a way as to create ambiguities.

[0018] The exception mentioned above relates to record-
ing of programs by VCRs for later time shifted viewing. The
reportable HUT value generally counts time-shifting view-
ing either at the time of recording or at the time of playback,
but does not count at both recording and playback. By not
counting at both recording and playback, double counting is
avoided. Also, whether counting is done at the time of
recording or at the time of playback, program monitoring
systems strive to count only transmitted programs and seek
to avoid counting non-transmitted programs, such as rented
movies.

[0019] Also, a VCR typically has a number of modes in a
non-record mode. For example, in a monitor mode, the VCR
is used to pass through a currently selected transmitted
program signal so that the signal may be viewed on a
television, but the VCR does not concurrently record the
signal. In a tune/record mode, the VCR is used to pass
through a currently selected transmitted program signal for
both viewing and recording. In a non-tune/record mode, the
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VCR is used to record a program without concurrent view-
ing of the program on a television; thus, the program is
recorded for time-shifted playing. In a play mode, the VCR
is used to play transmitted materials, and as tune-shifted
recordings, and non-transmitted materials, such as rented
movies. In an off mode, the VCR is off. Because of this
number of modes, a VCR presents one of the most difficult
program monitoring challenges.

[0020] Early measurements of VCRs in sampled house-
holds involved monitoring of both the control switches and
the tuners of VCRs. This monitoring resulted in the mea-
surement of recording, which was credited to program
ratings when recorded, and in the identification of all other
uses as not contributing to program ratings. Thus, for
example, when recording was counted as HUT viewing, all
play activity was counted as non-HUT usage). These early
measurements of VCRs involved a complicated and expen-
sive disassembly and modification of consumers’ equipment
in order to physically connect switch monitoring equipment
to the VCR switches.

[0021] Subsequent improvements in VCR measurement
provided less invasive, and in some cases entirely non-
invasive, ways of acquiring the requisite signals. In U.S. Pat.
No. 4,633,302, Damoci teaches a method of picking up an
artifact from the output of a VCR’s erase-head in order to
ascertain that the measured VCR is recording a tuned signal.
Vitt et al., in U.S. Pat. No. 5,165,069, teach a further
improved measurement method in which all the status
information (including a sensed erase-head output, which is
commonly selected by different manufacturers to be a con-
tinuous wave (CW) tone lying between thirty and seventy-
five KHz) is acquired from a sensor or pickup located
immediately adjacent to, but externally of, the VCR’s hous-
ing. The disclosure of Vitt et al. is herein incorporated by
reference. Mostafa et al., in U.S. Pat. No. 5,495,282, teach
yet another non-invasive arrangement for monitoring the
operation of a VCR by injecting encoded identification
signals into the VCR and searching for that signal in the RF
output from the VCR. Yet the monitoring of VCRs continue
to be a difficult problem.

[0022] The present invention solves one or more of the
above-noted problems.

SUMMARY OF THE INVENTION

[0023] In accordance with one aspect of the present inven-
tion, a system for identifying a signal source supplying a
program signal to a monitored receiver comprises program
signature extracting means and signal source identifying
means. The monitored receiver is located in a household.
The program signature extracting means extracts a reference
program signature representative of an output of the moni-
tored receiver and extracts a source program signature
representative of the program signal supplied by the signal
source. The program signature extracting means is located in
the household. The signal source identifying means identi-
fies the signal source as a source of the program signal in
response to the reference program signature and the source
program signature.

[0024] In accordance with another aspect of the present
invention, a system for identifying which of first and second
signal sources is supplying a program signal to a monitored
receiver comprises program signature extracting means and
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signal source identifying means. The first and second signal
sources and the monitored receiver are located in a house-
hold. The program signature extracting means extracts a
reference program signature representative of an output of
the monitored receiver and extracts first and second source
program signatures representative of an output of the first
and second signal sources. The program signature extracting
means is located in the household. The signal source iden-
tifying means identifies which of the first and second signal
sources is a source of the program signal in response to the
reference program signature and the first and second source
program signatures.

[0025] In accordance with yet another aspect of the
present invention, a system for identifying a program tuned
by a monitored receiver comprises tuning means, program
signature extracting means, signature correlating means, and
code reading means. The monitored receiver is located in a
household. The tuning means is separate from a tuner of the
monitored receiver and tunes to programs tunable by the
monitored receiver. The tuning means is located in a house-
hold. The program signature extracting means is operably
coupled to the monitored receiver and to the tuning means,
and extracts a first program signature from an output of the
monitored receiver and a second program signature from an
output of the tuning means. The signature correlating means
correlates the first and second program signatures. The code
reading means is operably coupled to the tuning means and
reads an ancillary code from the output of the tuning means
if the signature correlating means detects a match between
the first and second program signatures.

[0026] In accordance with still another aspect of the
present invention, a system for determining an operating
mode of a recording/playing device comprises tuning
means, first, second, third, and fourth signal acquiring
means, and determining means. The recording/playing
device generates a recording indicating signal during record-
ing and operates in conjunction with a receiver. The tuning
means is separate from a tuner of the receiver and tunes to
a program signal. The first signal acquiring means acquires
a first signal from an output of the recording/playing device.
The second signal acquiring means acquires a second signal
from an output of the tuning means. The third signal
acquiring means acquires a third signal from an output of the
receiver. The fourth signal acquiring means acquires the
recording indicating signal. The determining means is
coupled to the first, second, third, and fourth signal acquiring
means and determines an operating mode of the recording/
playing device dependent upon the first, second, and third
signals and the recording indicating signal.

[0027] In accordance with a further aspect of the present
invention, a system for measuring the use of a video recorder
operably connected to a television receiver comprises source
tuning means, television receiver signal acquiring means,
and first and second comparing means. The television
receiver receives a plurality of transmitted television signals.
The source tuning means tunes to a source program signal
corresponding to a transmitted television signal. The tele-
vision receiver signal acquiring means acquires a signal
displayed on the television receiver. The first comparing
means compares a signal from the video recorder to the
source program signal. The second comparing means com-
pares the signal from the video recorder to the signal
acquired by the television receiver signal acquiring means.
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[0028] In accordance with yet a further aspect of the
present invention, a method of determining the source of a
signal selected for use by a user at a monitored receiver in
a household comprises the steps of: (a) selecting, by means
of a source receiver, a source signal corresponding to a
channel; (b) acquiring, by use of a non-intrusive sensor
disposed proximate to the monitored receiver, a representa-
tion of the signal selected by the user; (¢) comparing the
representation of the signal selected by the user to the source
signal in order to determine a difference between the rep-
resentation and the source signal; (d) if the difference is less
than a predetermined amount, identifying the representation
as the source signal; (e) if the difference is not less than a
predetermined amount, controlling the source receiver to
receive a source signal corresponding to another channel and
repeating steps (c) and (d).

[0029] In accordance with a still further aspect of the
present invention, a method of reading an ancillary code
operably associated with a user selected program signal
transmitted from one of a plurality of program channels to
which a household receiver in a household is tuned com-
prises the steps of: (a) acquiring the user selected program
signal from the household receiver; (b) acquiring a source
program signal from a predetermined one of the plurality of
program channels; (¢) comparing the source program signal
to the user selected program signal and, if the source
program signal and the user selected program signal differ
by less than a predetermined amount, reading the ancillary
code from the source program signal.

[0030] In accordance with another aspect of the present
invention, a method of identifying which of first and second
signal sources is supplying a program signal to a monitored
receiver, wherein the first and second signal sources and the
monitored receiver are located in a household, comprises to
following steps: (a) comparing a sync signal from an output
of one of the first and second signal sources to a sync signal
from an output of the monitored receiver; (b) if the sync
signal from an output of one of the first and second signal
sources matches the sync signal from an output of the
monitored receiver, extracting a reference program signature
representative of the output of the monitored receiver and a
signature representative of the output of the one of the first
and second signal sources; (¢) identifying which of the first
and second signal sources is a source of the program signal
if the reference program signature and the signature repre-
sentative of the output of the one of the first and second
signal sources match; and (d) if the sync signal from an
output of the one of the first and second signal sources does
not match the sync signal from an output of the monitored
receiver, comparing a sync signal from an output of another
of the first and second signal sources to a sync signal from
an output of the monitored receiver and repeating steps (b)
and (c) as necessary.

BRIEF DESCRIPTION OF THE DRAWING

[0031] FIG. 1 is a schematic illustration showing the
components of a prior art television audience measurement
system which is improved by the present invention;

[0032] FIG. 2 illustrates in greater detail the statistically
selected household of FIG. 1 as measured in accordance
with the prior art;

[0033] FIG. 3 is a schematic block diagram of a preferred
embodiment of the present invention; and,
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[0034] FIG. 4 is a state table summarizing VCR measure-
ments which may be made using the apparatus of FIG. 3.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0035] A television audience measurement system 10 of
the sort taught by Thomas et al. in U.S. Pat. No. 5,481,294
is depicted schematically in FIG. 1. Programs transmitted
from a plurality of program transmitters 12 (which are
depicted in the drawing as over-the-air transmitters, but
which may include any transmitter of program signals such
as CATYV, direct satellite broadcast, and/or the like) are
received at a statistically selected household 14. The same
program signals from the same program transmitters 12 are
also received by a local monitoring site 16. Generally,
although not necessarily, the local monitoring site 16 of the
television audience measurement system 10 is located in a
corresponding regional market being measured, and serves
a plurality of statistically selected households, such as the
statistically selected household 14, which are located within
that regional market. All such statistically selected house-
holds communicate their data to a central site 18.

[0036] Also, there may be a plurality of regional markets
each having a corresponding local monitoring site 16 and
each local monitoring site 16 serving a plurality of corre-
sponding statistically selected households 14. All such sta-
tistically selected households and all such local monitoring
sites communicate their data to the central site 18.

[0037] Data, which may comprise identifying ancillary
codes transmitted with the programs transmitted by the
program transmitters 12, or which may comprise program
signatures characteristic of such programs, are extracted
from the received transmitted programs by both the statis-
tically selected household 14 and the local monitoring site
16, and the extracted data are sent from both the statistically
selected household 14 and the local monitoring site 16 to the
central site 18. The central site 18 compiles television
audience reports based upon this data from the statistically
selected household 14 and the local monitoring site 16 as
well as from all other statistically selected households
located within the receiving area of the local monitoring site
16, from all other statistically selected households located
within the receiving areas of all other corresponding local
monitoring sites, and from all other local monitoring sites.

[0038] In general accordance with the teachings of Tho-
mas et al. in U.S. Pat. No. 5,481,294, the portion of the
television audience measurement system 10 located within
the statistically selected household 14 is shown in more
detail in FIG. 2. As shown therein, the program transmitters
12 transmit RF program signals to a signal input 20, which
is generally shown as an antenna but which may be any other
type of program signal input, such as a cable input, a satellite
dish, and/or the like. The program signals received by the
signal input 20 may comprise a plurality of channels of
television programming and are routed to one or more
television receivers 22, 22' of the statistically selected
household 14.

[0039] Each of the television receivers 22, 22' may have
associated with it a corresponding local (i.e., non-transmit-
ted) video signal source 24, 24'. For example, the local video
signal source 24 associated with the television receiver 22
may be a video game 26, and the local video signal source
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24" associated with the television receiver 22' may be a VCR
28. The local video signal sources 24, 24' may be configured
to send their output video signals to their corresponding
television receivers 22, 22'.

[0040] Non-invasive signal sensors 30, such as micro-
phones, photodetectors, inductive pickups, and/or the like,
are arranged, and are located, to acquire representations of
the program signals selected for viewing on the television
receiver 22. These representations are preprocessed by a
preprocessing circuit 32 in a manner, for example, described
in the aforementioned U.S. Pat. No. 5,481,294. The prepro-
cessed representations are passed to a code reader 34 and to
a signature extractor 36. The code reader 34 and the signa-
ture extractor 36 produce program identifying data from the
preprocessed representations. Thus, for example, the code
reader 34 reads ancillary codes from the preprocessed rep-
resentations, and the signature extractor 36 extracts signa-
tures from the preprocessed representations.

[0041] The program identifying data extracted by the code
reader 34 and the signature extractor 36 are sent to a data
storage and telecommunication processor 38 for subsequent
transmission by way of a transmission medium 40 to the
central site 18. Also, as is well known in the art, a local clock
42 associated with the data storage and telecommunication
processor 38 is conventionally synchronized with a master
clock at the central site 18 whenever data are transferred
between the statistically selected household 14 and the
central site 18 over the transmission medium 40. The
transmission medium 40, for example, may be the public
switched telephone network.

[0042] Similarly, non-invasive signal sensors 30' are
arranged, and are located, to acquire representations of the
program signals selected for viewing on the television
receiver 22'. These representations are preprocessed by a
preprocessing circuit 32'. The preprocessed representations
are passed to a code reader 34' and to a signature extractor
36'. The code reader 34' and the signature extractor 36'
produce program identifying data from the preprocessed
representations. Thus, for example, the code reader 34' reads
ancillary codes from the preprocessed representations, and
the signature extractor 36' extracts signatures from the
preprocessed representations. The program identifying data
read by the code reader 34' and extracted by the signature
extractor 36' are sent to the data storage and telecommuni-
cation processor 38 for subsequent transmission to the
central site 18.

[0043] A people meter 43 may also be associated with the
television receiver 22. The people meter 43 may be any of
the people meters used by Nielsen Media Research, Inc. to
meter the viewing habits of panelists, and generally deter-
mines the channel being viewed and the identities of the
viewers of the television receiver 22. Also, a people meter
43' may be associated with the television receiver 22'. The
people meter 43' may be similar to the people meter 43.

[0044] FIG. 3 illustrates a program signal source detector
44 which may be used for the portion of the television
audience measurement system 10 located within the statis-
tically selected household 14 as shown in FIG. 2 and which
is suitable for accurately determining a local source of
signals, such as the VCR 28, being displayed on a monitored
television, such as the television receiver 22'. If desired, the
local metering site 16 may be eliminated. However, the local
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metering site 16 may be desirable in those markets where no
one statistically selected household receives all of the pos-
sible signals that are available in the market in which the
statistically selected household 14.

[0045] As shown in FIG. 3, a signal input 46, which is
generally shown as an antenna but which may be any
program signal input, such as a cable input, a satellite dish,
and/or the like, receives the program signals transmitted by
the program transmitters 12. The program signals received
by the signal input 46 may comprise a plurality of channels
of television programming. The program signals received by
the signal input 46 may be split by a splitter 48 so as to be
fed to both household entertainment equipment 50 and a
channel selection apparatus 52. It should be noted here that,
in determining the local source of video and/or audio being
displayed by the television receiver 22!, the output of the
television receiver 22' is the reference signal, and the output
of the channel selection apparatus 52, the game 26, the VCR
28, etc. is the source signal. The household entertainment
equipment 50 and the channel selection apparatus 52 are
located within the statistically selected household 14. As is
known, a user of the household entertainment equipment 50
may choose from among many various interconnections in
order to route a selected signal to a television and/or other
equipment. In the interest of clarity of presentation, how-
ever, these various interconnections, which may be made by
the user, are not shown in FIG. 3.

[0046] 1Insome cases, the selected signal is routed through
the VCR 28 and then supplied to its associated television
receiver 22'. This routing is commonly done at RF via a
suitable cable from an RF output of the VCR 28 to an RF
input of the television receiver 22', but the signal may also
be supplied to the television receiver 22' as a baseband audio
signal from a VCR baseband audio output of the VCR 28
and/or as a baseband video signal from a VCR baseband
video output of the VCR 28. For purposes of the program
signal source detector 44, however, a VCR audio output 56
of the VCR 28 may be a baseband audio output of the VCR
28, and a VCR video output 58 of the VCR 28 may be a
baseband video output of the VCR 28.

[0047] 1In one mode of operation of the VCR 28, herein-
after called the “TV mode,” the RF signals from the signal
input 46 are supplied directly to the television receiver 22,
and the VCR 28 is not involved in the tuning process. The
VCR 28 is in this mode whenever it is unpowered. In another
mode, hereinafter called “VCR TUNE,” a tuner within the
VCR 28 is used to select one of the plurality of program
signals received by the signal input 46 and to supply that
selected signal as an output of the VCR 28 to its television
receiver 22'. In a further mode, hereinafter called “PLAY,”
a signal stored on a video cassette (or tape) is supplied by the
VCR 28 to its television receiver 22'. In yet a further mode,
hereinafter called “RECORD,” a program signal is recorded
by the VCR 28 for later, time shifted viewing.

[0048] When the VCR 28 is in the RECORD mode, its
erase head is powered so as to erase whatever old signal may
be on the cassette (or tape) before the new signal is recorded.
The operation of the erase head can be detected by finding
some artifact of the erase head tone. As noted by Vitt et al.
in U.S. Pat. No. 5,165,069, this detection may be done in a
non-invasive manner with an inductive sensor installed
adjacent to the VCR 28. It also has been also found that an
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artifact of the erase head signal can often be detected directly
from the VCR audio output 56 of some models of the VCR
28. The manner of detecting the erase head signal depends
on the specific model of the VCR 28 being monitored. If an
artifact of the erase head signal cannot be detected directly
from the VCR audio output 56 of the VCR 28, the program
signal source detector 44 may employ an input from a
radiated signal pickup (not shown) of the sort disclosed by
Vitt et al.

[0049] As shown in FIG. 3, three of the non-invasive
signal sensors 30" are employed to acquire representations of
various signal components from the television receiver 22
whenever it is turned on. These three non-invasive signal
sensors may include (i) a suitable sync signal pickup 60
which may be of the type disclosed in copending application
Ser. No. 08/654,309 filed on May 28, 1996, which is
disposed adjacent the television receiver 22', and which
picks up a representation of the vertical and horizontal
synchronization pulses of the television receiver 22', (i) a
video signal pickup 62 which may be of the type disclosed
in the aforementioned copending application Ser. No.
08/654,309 filed on May 28, 1996 and which is arranged to
pick up a representation of the video signal being displayed
by the television receiver 22', and (iii) an audio signal pickup
64, which may be a microphone as taught by Thomas et al.
in U.S. Pat. No. 5,481,294 and which is used to acquire the
audio portion of the displayed program signal for subsequent
matching operations.

[0050] Tt is noted that the video signal pickup 62 may not,
and probably does not, acquire the full video signal (some
attenuation at the higher frequencies and the lowest frequen-
cies is common), but the failure of the video signal pickup
62 to acquire the full video signal is of no particular concern
in the overall measurement system of the present invention
because the matching operations disclosed hereinafter can
be conducted using only mid-frequency components of the
various video signals. It is also noted that the video signal
pickup 62 may not, and probably does not, acquire the
information contained in the vertical blanking interval of the
video signal because the video signal pickup 62 is preferably
located near the CRT of the television receiver 22' and
because the vertical blanking interval is commonly not
supplied to the CRT video of the television receiver 22'.
Accordingly, ancillary codes located in the vertical blanking
interval cannot be read from the output of the video signal
pickup 62. It will be understood to those skilled in the art
that both the video signal pickup 62 and the audio signal
pickup 64 may employ appropriate circuitry (not separately
shown) to match their output levels to the industry standard
output levels of the signals obtained from the VCR video
output 58 and the VCR audio output 56 against which they
are matched.

[0051] If the television receiver 22' is a television model
provided with an external video jack, such an external video
jack can be used in lieu of the video signal pickup 62 and the
sync signal pickup 60. Similarly, if the television receiver
22' is a television model provided with an external audio
jack, such an external audio jack can be used in lieu of the
audio signal pickup 64.

[0052] The channel selection apparatus 52 of the program
signal source detector 44 employs a source scanning tuner
66. The source scanning tuner 66 has access to the signal
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input 46 by means of the splitter 48 and may scan all of the
available programming channels under control of a control-
ler 68. The controller 68 may be a PIC 16¢c65 that is slaved
to a digital signal processor 70 (which may be a Texas
Instrument model TMS 320C32-60) of a digital signal
processing module 71. The digital signal processor 70 may
be considered to have a signature extraction portion 70" and
a signature correlating portion 70". The source scanning
tuner 66 provides a video output 72 and one or two audio
outputs 74 and 95 (the second of these being associated with
a Secondary Audio Program (SAP) signal component of
some television transmissions) that are subsequently used in
matching operations in order to determine the source of the
signals displayed on the television receiver 22"

[0053] As depicted in FIG. 3, the program signal source
detector 44 is capable of (i) extracting an audio program
signature from a program signal, (ii) extracting a video
program signature from the program signal, (iii) extracting
an audio ancillary code from the program signal, and (iv)
extracting a video ancillary code from the program signal.
Any one or more of these detection functions may be used
in order to identify the local source of the signals displayed
by the television receiver 22'. For example, the tuner of the
television receiver 22' may be identified as the source of the
signals being displayed by the television receiver 22' if a
reference audio signature extracted from an audio output of
the television receiver 22' matches a source audio signature
extracted from an audio output of the source scanning tuner
66 or if a reference video signature extracted from a video
output of the television receiver 22' matches a source video
signature extracted from a video output of the source scan-
ning tuner 66.

[0054] Similarly, the VCR 28 may be identified as the
local source of the signals being displayed by the television
receiver 22' if a reference audio signature extracted from an
audio output of the television receiver 22' matches a source
audio signature extracted from an audio output of the VCR
28 or if a reference video signature extracted from a video
output of the television receiver 22' matches a source video
signature extracted from a video output of the VCR 28, the
game 26 may be identified as the local source of the signals
being displayed by the television receiver 22' if a reference
audio signature extracted from an audio output of the
television receiver 22' matches a source audio signature
extracted from an audio output of the game 26 or if a
reference video signature extracted from a video output of
the television receiver 22' matches a source video signature
extracted from a video output of the game 26, and so on.

[0055] The channel selection apparatus 52 may receive a
plurality of RF program signals in addition to the RF
program signals received by the signal input 46. For
example, these other program signals may include off-air
channels received by an antenna other than the antenna 46,
channels received by way of a CATV cable (which may be
received directly, or which may be received through a cable
converter), channels received by a satellite dish, and/or the
like. The program signals received by the signal input 46 and
the other program signals described above are connected
through RF multiplexers 80 to the input of the source
scanning tuner 66 under control of the controller 68.

[0056] The video output 72 from the source scanning tuner
66 is applied to both a source video multiplexer 82 and a
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reference video multiplexer 84, while the audio output 74
and the second audio program (SAP) output 95 from the
source scanning tuner 66 are applied to both a source audio
multiplexer 86 and a reference audio multiplexer 88. Also
applied to both the source video multiplexer 82 and the
reference video multiplexer 84 are (i) the VCR video output
58 from the VCR 28, (ii) a video output 90 from the video
game 26, (iii) a VCR video output 92 from a second VCR
94 which might also be used with the television receiver 22/,
(iv) a video output 96 from a Direct Broadcast Satellite
receiver 98, and (v) a video output 100 from the television
receiver 22'. Similarly, applied to both the source audio
multiplexer 86 and the reference audio multiplexer 88 are (i)
the VCR audio output 56 from the VCR 28, (ii) an audio
output 102 from the video game 26, (iii) a VCR audio output
104 from the second VCR 94, (iv) an audio output 106 from
the Direct Broadcast Satellite receiver 98, and (v) an audio
output 108 from the television receiver 22'. The source video
multiplexer 82, the reference video multiplexer 84, the
source audio multiplexer 86, and the reference audio mul-
tiplexer 88 comprise an input multiplexer module 110.
Additionally, the video signal pickup 62 is applied to the
source video multiplexer 82 and to the reference video
multiplexer 84, and the audio signal pickup 64 is applied to
the source audio multiplexer 86 and to the reference audio
multiplexer 88.

[0057] The output from the source video multiplexer 82 is
connected through a video signal conditioner circuit 111 and
a multiplexer 112 to one input of a digitizer 114' and then to
the signature extraction portion 70' of the digital signal
processor 70. Similarly, the output from the reference video
multiplexer 84 is connected through a video signal condi-
tioner circuit 113 and a multiplexer 118 to one input of the
digitizer 114' and then to the signature extraction portion 70'
of the digital signal processor 70. The signature extraction
portion 70, similarly to the signature extractor 36 of FIG. 2,
extracts video program signatures from signals on selected
ones of the inputs of the source video multiplexer 82 and the
reference video multiplexer 84. Accordingly, the signature
correlation portion 70" may correlates reference video sig-
natures extracted from a video output of the television
receiver 22' to source video signatures extracted from a
video output of the game 26, a video output of the VCR 28,
a video output of the source scanning tuner 66, a video
output of the second VCR 94, and/or a video output of the
Direct Broadcast Satellite receiver 98, in order to determine
whether the tuner of the television receiver 22, the game 26,
the VCR 28, the second VCR 94, or the Direct Broadcast
Satellite receiver 98 is the source of the signals being
displayed by the television receiver 22'.

[0058] The output from the source video multiplexer 82 is
also connected directly through the multiplexer 112 and the
digitizer 114' to a code reader 114". Similarly, the output
from the reference video multiplexer 84 is also connected
directly through the multiplexer 118 and the digitizer 114' to
the code reader 114". The code reader 114" may be similar
to the code reader 34 of FIG. 2. The code reader 114"
extracts an ancillary code from a signal on a selected one of
the inputs of the source video multiplexer 82 and/or on a
selected one of the inputs of the reference video multiplexer
84.

[0059] The output from the source audio multiplexer 86 is
connected through the multiplexer 112 to one input of the
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digitizer 114' and then to the signature extraction portion 70'
of the digital signal processor 70. Similarly, the output from
the reference audio multiplexer 88 is connected through the
multiplexer 118 to one input of the digitizer 114" and then to
the signature extraction portion 70' of the digital signal
processor 70. The signature extraction portion 70' extracts
audio program signatures from signals on selected ones of
the inputs of the source audio multiplexer 86 and the
reference audio multiplexer 88. Accordingly, the signature
correlation portion 70" may correlates reference audio sig-
natures extracted from an audio output of the television
receiver 22' to source audio signatures extracted from an
audio output of the game 26, an audio output of the VCR 28,
an audio output of the source scanning tuner 66, an audio
output of the second VCR 94, and/or an audio output of the
Direct Broadcast Satellite receiver 98, in order to determine
whether the tuner of the television receiver 22, the game 26,
the VCR 28, the second VCR 94, or the Direct Broadcast
Satellite receiver 98 is the source of the signals being
displayed by the television receiver 22'.

[0060] The output from the source audio multiplexer 86 is
also connected directly through the multiplexer 112 and the
digitizer 114' to the code reader 114". Similarly, the output
from the reference audio multiplexer 88 is also connected
directly through the multiplexer 118 and the digitizer 114' to
the code reader 114". The code reader 114" extracts an
ancillary code from a signal on a selected one of the inputs
of the source audio multiplexer 86 and/or on a selected one
of the inputs of the reference audio multiplexer 88.

[0061] The output from the reference video multiplexer 84
is also connected to a sync matching circuit 116 which
compares the standard sync signal as sensed by the sync
signal pickup 60 with the sync signals derived from the
signal on a selected one of the inputs of the reference video
multiplexer 84. The sync matching circuit 116 passes a
match between the standard sync signal as sensed by the
sync signal pickup 60 and a sync signal derived from the
signal on a selected one of the inputs of the reference video
multiplexer 84 to the digital signal processing module 71.

[0062] With this arrangement, a reference video signature
extracted from a video output of the television receiver 22!
may be compared to source video signatures extracted from
a video output of the game 26, a video output of the VCR 28,
a video output of the source scanning tuner 66, a video
output of the second VCR 94, a video output of the Direct
Broadcast Satellite receiver 98, and the like in order to
determine the local source of the signals displayed by the
television receiver 22'. Alternatively or in addition, a refer-
ence audio signature extracted from an audio output of the
television receiver 22' may be compared to source audio
signatures extracted from an audio output of the game 26, an
audio output of the VCR 28, an audio output of the source
scanning tuner 66, an audio output of the second VCR 94,
an audio output of the Direct Broadcast Satellite receiver 98,
and the like in order to determine the local source of the
signals displayed by the television receiver 22"

[0063] Because the correlation of signatures is computa-
tionally expensive, the digital signal processing module 71
may first control the reference video multiplexer 84 in order
to pass the video signal on the video output 72 of the source
scanning tuner 66 to the sync matching circuit 116 which
matches suitable synchronization components of the video
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output of the source scanning tuner 66 and from the sync
signal pickup 60. Until a match is found, the controller 68
causes the source scanning tuner 66 to sequentially tune to
the possible signal sources.

[0064] When a match between synchronization compo-
nents is found, the digital signal processing module 71
controls the source video multiplexer 82 in order to pass the
video signal currently on the video output 72 of the source
scanning tuner 66 to the video signal conditioner circuit 111,
the multiplexer 112, and the signature extraction portion 70',
and the digital signal processing module 71 controls the
reference video multiplexer 84 in order to pass the video
signal on the video output 100 (or 67) of the television
receiver 22' to the video signal conditioner circuit 113, the
multiplexer 118, and the signature extraction portion 70'.
(The video signal conditioner circuit 113 is always bypassed
when using the video signal from the video signal pickup
62.) The signature extraction portion 70" and the signature
correlating portion 70" of the digital signal processor 70
extracts and correlates video signatures from the video
signal corresponding to the channel selected by the source
scanning tuner 66 and the video signal corresponding to a
channel selected by the television receiver 22'. These chan-
nels are the channels that are in sync as determined by the
sync matching circuit 116. If a match is not found, it may be
concluded that the sync tested by the sync matching circuit
116 relates to different channels. Accordingly, the controller
68 steps the source scanning tuner 66 to the next channel to
restart the process of finding synchronization and, if syn-
chronization is found, of extracting and comparing video
signatures. If a match of video signatures is found, the tuner
of the television receiver 22' is identified as the local source
of the signals displayed by the television receiver 22"

[0065] Alternatively, when a match between synchroniza-
tion components is found, the digital signal processing
module 71 controls the source audio multiplexer 86 in order
to pass the audio signal on the audio output 74 of the source
scanning tuner 66 to the multiplexer 112 and the signature
extraction portion 70', and the digital signal processing
module 71 may control the reference audio multiplexer 88 in
order to pass the audio signal on the audio output 108 (or the
audio signal pickup 64) of the television receiver 22' to the
multiplexer 118 and the signature extraction portion 70'. The
signature extraction portion 70' and the signature correlating
portion 70" of the digital signal processor 70 extracts and
correlates audio signatures from the audio signal corre-
sponding to the channel selected by the source scanning
tuner 66 and the audio signal corresponding to a channel
selected by the television receiver 22'. These channels are
the channels that are in sync as determined by the sync
matching circuit 116. If a match is not found, it may be
concluded that the sync found by the sync matching circuit
116 relates to different channels. Accordingly, the controller
68 steps the source scanning tuner 66 to the next channel to
restart the process of finding synchronization and, if syn-
chronization is found, of extracting and comparing audio
signatures. If a match of audio signatures is found, the tuner
of the television receiver 22' is identified as the local source
of the signals displayed by the television receiver 22"

[0066] After a match is thus found, the identity of this
signal source may be confirmed by reading an ancillary
code, if present, from the video signal on the video output 72
of the source scanning tuner 66. It should be noted here that,
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if the video signal pickup 62 is used to derive a video signal
from the television receiver 22', and if ancillary codes are
inserted in the vertical blanking interval of video signals, the
ancillary code cannot be read from the video signal on the
video signal pickup 62 because, in many modern television
sets, the vertical blanking interval is not present in video
signal at the point where the video signal pickup 62 picks up
the video signal. Accordingly, ancillary codes can instead be
read from the video output 72 of the source scanning tuner
66 when the source scanning tuner 66 is tuned to the channel
to which the television receiver 22' is tuned. However, if the
video output 100 is used to derive a video signal from the
television receiver 22, if the video output 100 is at baseband,
and if ancillary codes are inserted in the vertical blanking
interval of video signals, the ancillary code can be read from
the video signal on the video output 100 because the vertical
blanking interval is present in the baseband video signal.
Alternatively, the identity of this signal source may be
confirmed by reading an ancillary code, if present, from the
audio signal on the audio output 74 of the source scanning
tuner 66 or on the audio output 108 (or 64) of the television
receiver 22'.

[0067] 1If signatures extracted from all of the channels to
which the source scanning tuner 66 may be tuned do not
match signatures extracted from the output of the television
receiver 22', reference video and/or audio signatures
extracted from a video and/or audio output of the television
receiver 22' may be compared to source video and/or audio
signatures extracted from a video and/or audio output of the
game 26, from a video and/or an audio output of the VCR
28, from a video and/or an audio output of the second VCR
94, from a video and/or an audio output of the Direct
Broadcast Satellite receiver 98, and the like in a similar
manner in order to determine whether any of these local
sources is the local source of the signals displayed by the
television receiver 22'.

[0068] Also, various modes of the VCR 28 (and of the
second VCR 94) can be determined by the arrangement of
the present invention. FIG. 4 discloses in table form the
operation of the present invention in order to monitor the
modes of a VCR. As shown in FIG. 4, if the erase head of
the VCR 28 is active, if the outputs of the VCR 28 and of
the source scanning tuner 66 match, and if the outputs of the
VCR 28 and of the television receiver 22' match, then it may
be concluded that the VCR 28 is in the RECORD mode and
that the program being recorded is also being viewed at the
same time.

[0069] The operation of the erase head of the VCR 28 can
be detected by the digital signal processing module 71 from
a VCR erase detector 119 which is associated with the VCR
28. (Also, a VCR erase detector 120 may be associated with
the second VCR 94.) The erase head detector 119 may be of
the sort disclosed by Vitt et al. Alternatively, the code reader
114 may be arranged to-detect an artifact of the erase signal
of the VCR 28 from the VCR audio output 56 of the VCR
28 by use of either the source audio multiplexer 86 or the
reference audio multiplexer 88.

[0070] In order to determine if the outputs of the VCR 28
and of the source scanning tuner 66 match, the video outputs
of the VCR 28 and of the source scanning tuner 66 may be
correlated. For example, the digital signal processing mod-
ule 71 may control the source video multiplexer 82 in order
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to pass the video signal on the video output 72 to the video
signal conditioner circuit 111, the multiplexer 112, and the
signature extraction portion 70", and the digital signal pro-
cessing module 71 may control the reference video multi-
plexer 84 in order to pass the video signal on the VCR video
output 58 to the video signal conditioner circuit 113, the
multiplexer 118, and the signature extraction portion 70'.
The signature extraction portion 70' and the signature cor-
relating portion 70" of the digital signal processor 70
extracts and correlates video signatures from a video signal
corresponding to a channel selected by the source scanning
tuner 66 and from a video signal corresponding to a channel
selected by the VCR 28. If these video signatures do not
match, the controller 68 may step the source scanning tuner
66 through each of the channels until a match is found.

[0071] Alternatively, the digital signal processing module
71 may control the source audio multiplexer 86 in order to
pass the audio signal on the audio output 74 to the multi-
plexer 112 and the signature extraction portion 70, and the
digital signal processing module 71 may control the refer-
ence audio multiplexer 88 in order to pass the audio signal
on the VCR audio output 56 to the multiplexer 118 and the
signature extraction portion 70'. The signature extraction
portion 70" and the signature correlating portion 70" of the
digital signal processor 70 extracts and correlates audio
signatures from the audio signal corresponding to a channel
selected by the source scanning tuner 66 and from the audio
signal corresponding to a channel selected by the VCR 28.
If these audio signatures do not match, the controller 68 may
step the source scanning tuner 66 through each of the
channels until a match is found.

[0072] In order to determine if the outputs of the VCR 28
and of the television receiver 22' match, the video outputs of
the VCR 28 and of the television receiver 22' may be
correlated. The correlation of the outputs of the VCR 28 and
of the television receiver 22' also can be determined by the
digital signal processing module 71. For example, the digital
signal processing module 71 may control the source video
multiplexer 82 in order to pass the video signal on the video
output 100 from the television receiver 22' to the video
signal conditioner circuit 111, the multiplexer 112, and the
signature extraction portion 70", and the digital signal pro-
cessing module 71 may control the reference video multi-
plexer 84 in order to pass the video signal on the video
output 58 of the VCR 28 to the video signal conditioner
circuit 113, the multiplexer 118, and the signature extraction
portion 70'. The signature extraction portion 70' and the
signature correlating portion 70" of the digital signal pro-
cessor 70 extracts and correlates video signatures from the
video signal corresponding to a channel selected by the VCR
28 and the video signal corresponding to a channel selected
by the television receiver 22'.

[0073] Alternatively, the digital signal processing module
71 may control the source audio multiplexer 86 in order to
pass the audio signal on the audio output 108 from the
television receiver 22' to the multiplexer 112 and the signa-
ture extraction portion 70', and the digital signal processing
module 71 may control the reference audio multiplexer 88 in
order to pass the audio signal on the audio output 56 of the
VCR 28 to the multiplexer 118 and the signature extraction
portion 70'. The signature extraction portion 70' and the
signature correlating portion 70" of the digital signal pro-
cessor 70 extracts and correlates audio signatures from the
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audio signal corresponding to a channel selected by the VCR
28 and the audio signal corresponding to a channel selected
by the television receiver 22'.

[0074] If the television receiver 22' does not have output
jacks so that the video output 100 and the audio output 108
are not present and so that the video signal pickup 62 and the
audio signal pickup 64 are instead used to sense the video
and audio signals of the television receiver 22, signatures
from the video signals on the video output 58 of the VCR 28
and on the video signal pickup 62 of the television receiver
22' may be correlated in the manner described above, or
signatures from the audio signals on the audio output 56 of
the VCR 28 and on the audio signal pickup 64 of the
television receiver 22' may be correlated in the manner
described above.

[0075] As also shown in FIG. 4, if the erase head of the
VCR 28 is active, if the outputs of the VCR 28 and of the
source scanning tuner 66 match, and if the outputs of the
VCR 28 and of the television receiver 22' do not match, then
it may be concluded that the VCR 28 is in the RECORD
mode, but that the program being recorded is not also being
viewed on the television receiver 22' at the same time. The
operation of the erase head of the VCR 28 can be detected
as described above, the outputs of the VCR 28 and of the
source scanning tuner 66 can be correlated as described
above in order to determine that they match, and the outputs
of the VCR 28 and of the television receiver 22' can be
correlated as described above in order to determine that they
do not match.

[0076] As shown in FIG. 4, if the erase head of the VCR
28 is not active, if the outputs of the VCR 28 and of the
source scanning tuner 66 do not match, and if the outputs of
the VCR 28 and of the television receiver 22' do match, then
it may be concluded that the VCR 28 is in the PLAY mode.
The operation of the erase head of the VCR 28 can be
detected as described above, the outputs of the VCR 28 and
of the source scanning tuner 66 can be correlated as
described above in order to determine that they do not
match, and the outputs of the VCR 28 and of the television
receiver 22' can be correlated as described above in order to
determine that they do match.

[0077] Again as shown in FIG. 4, if the erase head of the
VCR 28 is not active, if the outputs of the VCR 28 and of
the source scanning tuner 66 match, and if the outputs of the
VCR 28 and of the television receiver 22' match, then it may
be concluded that the VCR 28 is not recording or playing,
but is instead being used to tune the television receiver 22',
to fast forward a cassette (or tape), or to rewind a cassette (or
tape). The use of the VCR 28 as a tuner may be credited by
the program signal source detector 44. The operation of the
erase head of the VCR 28 can be detected as described
above, the outputs of the VCR 28 and of the source scanning
tuner 66 can be correlated as described above in order to
determine that they match, and the outputs of the VCR 28
and of the television receiver 22' can be correlated as
described above in order to determine that they match.

[0078] As finally shown in FIG. 4, if the erase head of the
VCR 28 is not active, if the outputs of the VCR 28 and of
the source scanning tuner 66 do not match, and if the outputs
of the VCR 28 and of the television receiver 22' also do not
match, then it may be concluded that the VCR 28 is off. The
operation of the erase head of the VCR 28 can be detected
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as described above, the outputs of the VCR 28 and of the
source scanning tuner 66 can be correlated as described
above in order to determine that they do not match, and the
outputs of the VCR 28 and of the television receiver 22' can
be correlated as described above in order to determine that
they do not match. The digital signal processing module 71
may determine the on or off state of the television receiver
22' by detecting the presence or loss of a sync signal on the
sync signal pickup 60.

[0079] Also, the arrangement of FIG. 3 may be used to
identify programs being played by the VCR 28 or being
displayed by the television receiver 22'. For example, video
and/or audio program identifying ancillary codes contained
in the program signal being recorded by the VCR 28 may be
read by the code correlating portion 114" and may be stored
in a memory of the digital signal processing module 71. The
stored video and/or audio program identifying ancillary
codes can be compared with those read by the code corre-
lating portion 114" during the subsequent PLAY mode of the
VCR 28 in order to determine if and when the recorded
program signal is played back. The video and/or audio
program identifying ancillary codes read by the code cor-
relating portion 114" during either the RECORD mode or
the subsequent PLAY mode of the VCR 28 may also be used
to identify the programs being played in accordance with the
teachings of the aforementioned U.S. Pat. No. 5,481,294.

[0080] If video and/or audio program identifying ancillary
codes are not present in the signals being recorded and/or
played, characteristic video and/or audio program signatures
of the program signal being recorded by the VCR 28 may be
extracted by the signature extraction portion 70" and may be
stored in the memory of the digital signal processing module
71. The stored characteristic video and/or audio signatures
can be compared by the signature correlating portion 70"
with those extracted by the signature extraction portion 70'
during a subsequent PLLAY mode in order to determine if and
when the recorded program signal is played back. If a match
is found, the signatures extracted during play or recording
may be compared to known signatures previously extracted
from known programs by the local metering site 16 or by the
source scanning tuner 66 in order to identify the recorded
and/or played program in accordance with the teachings of
the aforementioned U.S. Pat. No. 5,481,294.

[0081] Similarly, video and/or audio program identifying
ancillary codes of a program signal tuned by the tuner of the
television receiver 22' may be read by the code correlating
portion 114" at the video and/or audio outputs of the
television receiver 22'. The video and/or audio program
identifying ancillary codes may be used to identify the
programs displayed by the television receiver 22' in accor-
dance with the teachings of the aforementioned U.S. Pat.
No. 5,481,294. If video and/or audio program identifying
ancillary codes are not present in the signals at the output of
the television receiver 22', characteristic video and/or audio
program signatures of the program signal at the output of the
television receiver 22' may be extracted by the signature
extraction portion 70'. These signatures may be compared to
known signatures previously extracted from known pro-
grams by the local metering site 16 or by the source scanning
tuner 66 in order to identify the displayed program in
accordance with the teachings of the aforementioned U.S.
Pat. No. 5,481,294.
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[0082] Programs being recorded and/or played by the
second VCR 94, games from the video game 26 being
displayed by the television receiver 22', and programs from
the Direct Broadcast Satellite receiver 98 being displayed by
the television receiver 22', may be similarly identified
through the use of program identifying ancillary codes and
characteristic program signatures. It should be noted, how-
ever, that the playing of rented or purchased cassettes (or
tapes) is often more common than playing back time-shifted,
previously recorded programs. Accordingly, it is expected
that most attempts to use characteristic program signatures
in order to identify programs being played on the VCR 28
will fail to yield an identifying match. However, program
identifying ancillary codes are frequently added to pre-
recorded cassettes (or tapes) so that, in those cases, the
program signal source detector 44 installed in the statisti-
cally selected household 14 will still be able to identify the
program being played by the VCR 28.

[0083] Certain modifications of the present invention have
been discussed above. Other modifications will occur to
those practicing in the art of the present invention. For
example, although the present invention has been specifi-
cally described in connection with a television audience
measurement system, the present invention may be used in
connection with other systems such as program verification
systems.

[0084] Also, although the present invention has been
described in connection with the monitoring of television
receivers, the present invention may be used in connection
with the monitoring of other receivers, such as radio receiv-
ers.

[0085] Similarly, although the present invention has been
described in connection with monitoring VCRs, the present
invention may be used in connection with monitoring other
recording and/or playing equipment such as disk players,
audio cassette and disk recorders/players, and the like, and
in connection with signal sources that are less complex than
VCRs and like equipment.

[0086] Moreover, as described above, the signature corre-
lating portion 70" of the digital signal processor 70 and the
code correlating portion 114" of the code reader 114 are
located in the statistically selected household 14. However,
the signature correlating portion 70" and the code correlating
portion 114" instead may be located in the central site 18.

[0087] Furthermore, as described above, signatures are
extracted from an output of the television receiver 22' and
from an output of a local source of program signals, and
these signatures are correlated in order to identify the source
as the source of the signals being displayed by the television
receiver 22'. These signatures may be exact analog or digital
representations of the relevant programs signals so that the
output of the television receiver 22' and the output of a
source to be identified as the source of the program signals
being displayed by the television receiver 22' may be
directly correlated either in analog form or in digital form
without the necessity of sampling the program signals.
Alternatively, the signatures may be sampled representations
of the relevant programs signals.

[0088] Accordingly, the description of the present inven-
tion is to be construed as illustrative only and is for the
purpose of teaching those skilled in the art the best mode of
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carrying out the invention. The details may be varied sub-
stantially without departing from the spirit of the invention,
and the exclusive use of all modifications which are within
the scope of the appended claims is reserved.

What is claimed is:

1. A system for identifying a signal source supplying a
program signal to a monitored receiver, wherein the moni-
tored receiver is located in a household, and wherein the
system comprises:

program signature extracting means for extracting a ref-
erence program signature representative of an output of
the monitored receiver and for extracting a source
program signature representative of the program signal
supplied by the signal source, wherein the program
signature extracting means is located in the household;
and,

signal source identifying means for identifying the signal
source as a source of the program signal in response to
the reference program signature and the source pro-
gram signature.

2. The system of claim 1 wherein the signal source
identifying means comprises signature correlating means for
correlating the reference program signature and the source
program signature.

3. The system of claim 2 wherein the signal source
identifying means comprises program identifying means for
identifying a program associated with the program signal if
the reference program signature and the source program
signature match.

4. The system of claim 3 further comprising code reading
means operably coupled to the signal source for reading an
ancillary code from the program signal supplied by the
signal source.

5. The system of claim 4 wherein the program identifying
means identifies the program from the ancillary code read
from the program signal.

6. The system of claim 5 wherein the ancillary code is a
video code.

7. The system of claim 5 wherein the ancillary code is an
audio code.

8. The system of claim 3 wherein the program identifying
means identifies the program from a signature extracted
from the program signal.

9. The system of claim 2 wherein the signature correlating
means is located in the household, and wherein the signal
source identifying means includes means for transmitting a
signal source indicating signal to a central facility.

10. The system of claim 1 wherein at least one of the
reference program signature and the source program signa-
ture is a video program signature.

11. The system of claim 1 wherein at least one of the
reference program signature and the source program signa-
ture is an audio program signature.

12. The system of claim 1 wherein the signal source is a
scanning tuner, wherein the program signature extracting
means extracts a reference program signature from an output
of the monitored receiver and a source program signature
from an output of the scanning tuner, and wherein the
scanning tuner is located in the household.

13. The system of claim 1 wherein the signal source is a
VCR, wherein the program signature extracting means
extracts a reference program signature from an output of the

Feb. 28, 2002

monitored receiver and a source program signature from an
output of the VCR, and wherein the VCR is located in the
household.

14. The system of claim 1 wherein the signal source is a
game, wherein the program signature extracting means
extracts a reference program signature from an output of the
monitored receiver and a source program signature from an
output of the game, and wherein the game is located in the
household.

15. A system for identifying which of first and second
signal sources is supplying a program signal to a monitored
receiver, wherein the first and second signal sources and the
monitored receiver are located in a household, and wherein
the system comprises:

program signature extracting means for extracting a ref-
erence program signature representative of an output of
the monitored receiver and for extracting first and
second source program signatures representative of an
output of the first and second signal sources, wherein
the program signature extracting means is located in the
household; and,

signal source identifying means for identifying which of
the first and second signal sources is a source of the
program signal in response to the reference program
signature and the first and second source program
signatures.

16. The system of claim 15 wherein the signal source
identifying means comprises signature correlating means for
correlating the reference program signature with the first and
second source program signatures.

17. The system of claim 16 wherein the signal source
identifying means comprises program identifying means for
identifying a program source associated with the program
signal if the reference program signature and one of the first
and second source program signatures match.

18. The system of claim 17 further comprising code
reading means operably coupled to the first signal source for
reading an ancillary code from the program signal supplied
by the first signal source.

19. The system of claim 18 wherein the program identi-
fying means identifies the program from the ancillary code
read from the program signal.

20. The system of claim 19 wherein the ancillary code is
a video code.

21. The system of claim 19 wherein the ancillary code is
an audio code.

22. The system of claim 17 wherein the program identi-
fying means identifies the program from a signature
extracted from the program signal.

23. The system of claim 16 wherein the signature corre-
lating means is located in the household, and wherein the
signal source identifying means includes means for trans-
mitting a signal source indicating signal to a central facility.

24. The system of claim 15 wherein at least one of the
reference program signature and the first and second source
program signatures is a video program signature.

25. The system of claim 15 wherein at least one of the
reference program signature and the first and second source
program signatures is an audio program signature.

26. The system of claim 15 wherein one of the first and
second signal sources is a scanning tuner, wherein the
program signature extracting means extracts a reference
program signature from an output of the monitored receiver
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and a first source program signature from an output of the
scanning tuner, and wherein the scanning tuner is located in
the household.

27. The system of claim 15 wherein one of the first and
second signal sources is a VCR, wherein the program
signature extracting means extracts a reference program
signature from an output of the monitored receiver and a
source program signature from an output of the VCR, and
wherein the VCR is located in the household.

28. The system of claim 15 wherein one of the first and
second signal sources is a game, wherein the program
signature extracting means extracts a reference program
signature from an output of the monitored receiver and a
source program signature from an output of the game, and
wherein the game is located in the household.

29. A system for identifying a program tuned by a
monitored receiver, wherein the monitored receiver is
located in a household, and wherein the system comprises:

tuning means, separate from a tuner of the monitored
receiver, for tuning to programs tunable by the moni-
tored receiver, wherein the tuning means is located in
a household;

program signature extracting means operably coupled to
the monitored receiver and to the tuning means for
extracting a first program signature from an output of
the monitored receiver and for extracting a second
program signature from an output of the tuning means;

signature correlating means for correlating the first and
second program signatures; and,

code reading means operably coupled to the tuning means
for reading an ancillary code from the output of the
tuning means if the signature correlating means detects
a match between the first and second program signa-
tures.

30. The system of claim 29 wherein the ancillary code is
a video code.

31. The system of claim 29 wherein the ancillary code is
an audio code.

32. The system of claim 29 wherein the first and the
second program signatures are video program signatures.

33. The system of claim 29 wherein the first and the
second program signatures are audio program signatures.

34. The system of claim 29 wherein the tuning means
comprises a scanning tuner.

35. A system for determining an operating mode of a
recording/playing device, wherein the recording/playing
device generates a recording indicating signal during record-
ing and operates in conjunction with a receiver, and wherein
the system comprises:

tuning means, separate from a tuner of the receiver, for
tuning to a program signal;

first signal acquiring means for acquiring a first signal
from an output of the recording/playing device;

second signal acquiring means for acquiring a second
signal from an output of the tuning means;

third signal acquiring means for acquiring a third signal
from an output of the receiver;

fourth signal acquiring means for acquiring the recording
indicating signal; and,
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determining means coupled to the first, second, third, and
fourth signal acquiring means for determining an oper-
ating mode of the recording/playing device dependent
upon the first, second, and third signals and the record-
ing indicating signal.

36. The system of claim 35 wherein the determining
means comprises means for determining that the recording/
playing device is in a recording operating mode and that a
program being recorded is in control of the receiver if the
recording indicating signal is present, if the first and second
signals match, and if the first and third signals match.

37. The system of claim 35 wherein the determining
means comprises means for determining that the recording/
playing device is in a recording operating mode and that a
program being recorded is not in control of the receiver if the
recording indicating signal is present, if the first and second
signals match, and if the first and third signals do not match.

38. The system of claim 35 wherein the determining
means comprises means for determining that the recording/
playing device is in a playing operating mode if the record-
ing indicating signal is not present, if the first and second
signals do not match, and if the first and third signals match.

39. The system of claim 35 wherein the determining
means comprises means for determining that the receiver is
being tuned with the recording/playing device or that the
recording/playing device is in a fast forward state or that the
recording/playing device is in a rewind state if the recording
indicating signal is not present, if the first and second signals
match, and if the first and third signals match.

40. The system of claim 35 wherein the determining
means comprises means for determining that the recording/
playing device is in an off operating mode or that the
recording/playing device is in a receiver operating mode if
the recording indicating signal is not present, if the first and
second signals do not match, and if the first and third signals
do not match.

41. The system of claim 35 wherein the first, second, and
third signals comprise signatures.

42. The system of claim 47 wherein the signatures are
video signatures.

43. The system of claim 47 wherein the signatures are
audio signatures.

44. A system for measuring the use of a video recorder
operably connected to a television receiver, the television
receiver receiving a plurality of corresponding transmitted
television signals, the system comprising:

source tuning means for tuning to a source program signal
corresponding to a transmitted television signal;

television receiver signal acquiring means for acquiring a
signal displayed on the television receiver;

first comparing means for comparing a signal from the
video recorder to the source program signal; and,

second comparing means for comparing the signal from
the video recorder to the signal acquired by the televi-
sion receiver signal acquiring means.

45. The system of claim 44 further comprising determin-
ing means for determining that the video recorder is in a
recording operating mode and that a program being recorded
is in control of the television receiver if the signal from the
video recorder and the source program signal match and if
the signal from the video recorder and the signal acquired by
the television receiver signal acquiring means match.
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46. The system of claim 44 further comprising determin-
ing means for determining that the video recorder is in a
recording operating mode and that a program being recorded
is not in control of the television receiver if the signal from
the video recorder and the source program signal match and
if the signal from the video recorder and the signal acquired
by the television receiver signal acquiring means do not
match.

47. The system of claim 44 further comprising determin-
ing means for determining that the video recorder is in a play
operating mode if the signal from the video recorder and the
source program signal do not match and if the signal from
the video recorder and the signal acquired by the television
receiver signal acquiring means match.

48. The system of claim 44 wherein the television receiver
signal acquiring means is a non-intrusive television receiver
signal acquiring means.

49. A method of determining the source of a signal
selected for use by a user at a monitored receiver in a
household, the method comprising the steps of:

(a) selecting, by means of a source receiver, a source
signal corresponding to a channel;

(b) acquiring, by use of a non-intrusive sensor disposed
proximate to the monitored receiver, a representation of
the signal selected by the user;

(c) comparing the representation of the signal selected by
the user to the source signal in order to determine a
difference between the representation and the source
signal;

(d) if the difference is less than a predetermined amount,
identifying the representation as the source signal;

(e) if the difference is not less than a predetermined
amount, controlling the source receiver to receive a
source signal corresponding to another channel and
repeating steps (c) and (d).

50. The method of claim 49 wherein step (¢) comprises

the steps of:

extracting a first program signature from the source
signal;

extracting a second program signature from the represen-
tation of the signal selected by the user; and,

comparing the first and second program signatures.

51. The method of claim 49 comprising the further step of
reading an ancillary code from the source signal.

52. The method of claim 49 wherein step (¢) comprises
the steps of:

extracting a first video program signature from the source
signal;

extracting a second video program signature from the
representation of the signal selected by the user; and,

comparing the first and second video program signatures.

53. The method of claim 49 wherein step (¢) comprises
the steps of:

extracting a first audio program signature from the source
signal;
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extracting a second audio program signature from the
representation of the signal selected by the user; and,
comparing the first and second audio program signa-
tures.

54. A method of reading an ancillary code operably
associated with a user selected program signal transmitted
from one of a plurality of program channels to which a
household receiver in a houschold is tuned, the method
comprising the steps of:

(a) acquiring the user selected program signal from the
household receiver;

(b) acquiring a source program signal from a predeter-
mined one of the plurality of program channels;

(¢) comparing the source program signal to the user
selected program signal and, if the source program
signal and the user selected program signal differ by
less than a predetermined amount, reading the ancillary
code from the source program signal.

55. The method of claim 54 further comprising the steps

of:

acquiring a first sync signal related to the user selected
program signal;

acquiring a second sync signal related to the source
program signal; and,

comparing the first and second sync signals.
56. The method of claim 54 wherein the step (¢) com-
prises the steps of:

extracting a first program signature from the user selected
program;

extracting a second program signature from the source
program signal; and,

comparing the first and the second program signatures.

57. The method of claim 54 further comprising steps (d)
and (e), carried out only if the source program signal and the
user selected program signal differ by more than the prede-
termined amount, of:

(d) receiving a source signal from another predetermined
one of the plurality of channels; and,

(e) repeating step (c) with the source signal from the
another predetermined one of the plurality of signal
channels substituted for the predetermined one of the
plurality of channels.

58. A method of identifying which of first and second
signal sources is supplying a program signal to a monitored
receiver, wherein the first and second signal sources and the
monitored receiver are located in a household, and wherein
the method comprises:

(a) comparing a sync signal from an output of one of the
first and second signal sources to a sync signal from an
output of the monitored receiver;

(b) if the sync signal from an output of one of the first and
second signal sources matches the sync signal from an
output of the monitored receiver, extracting a reference
program signature representative of the output of the
monitored receiver and a signature representative of the
output of the one of the first and second signal sources;
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(c) identifying which of the first and second signal sources signal from an output of the monitored receiver, com-
is a source of the program signal if the reference paring a sync signal from an output of another of the
program signature and the signature representative of first and second signal sources to a sync signal from an
the output of the one of the first and second signal output of the monitored receiver and repeating steps (b)
sources match; and and (c) as necessary.

(d) if the sync signal from an output of the one of the first
and second signal sources does not match the sync L
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