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METHODS AND APPARATUS FOR CHARACTERIZING MEDIA 

RELATED APPLICATIONS 

[0001] This patent claims the benefit of U.S. Provisional Patent Application No. 60/890,680 and 

60/894,090, filed on February 20, 2007, and March 9, 2007, respectively. The entire contents of the 

above-identified provisional patent applications are hereby expressly incorporated herein by reference.  

FIELD OF THE DISCLOSURE 

[0002] The present disclosure relates generally to media monitoring and, more particularly, to 

methods and apparatus for characterizing media and for generating signatures for use in identifying media 

information.  

BACKGROUND 

[0003] Identifying media information and, more specifically, audio streams (e.g., audio information) 

using signature matching techniques is known. Known signature matching techniques are often used in 

television and radio audience metering applications and are implemented using several methods for 

generating and matching signatures. For example, in television audience metering applications, signatures 

are generated at monitoring sites (e.g., monitored households) and reference sites. Monitoring sites 

typically include locations such as, for example, households where the media consumption of audience 

members is monitored. For example, at a monitoring site, monitored signatures may be generated based 

on audio streams associated with a selected channel, radio station, etc. The monitored signatures may 

then be sent to a central data collection facility for analysis. At a reference site, signatures, typically 

referred to as reference signatures, are generated based on known programs that are provided within a 

broadcast region. The reference signatures may be stored at the reference site and/or a central data 

collection facility and compared with monitored signatures generated at monitoring sites. A monitored 

signature may be found to match with a reference signature and the known program corresponding to the 

matching reference signature may be identified as the program that was presented at the monitoring site.  
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] FIGS. 1A and lB illustrate example audio stream identification systems for generating 

signatures and identifying audio streams.  

[0005] FIG. 2 is a flow diagram illustrating an example signature generation process.  

[00061 FIG. 3 is a flow diagram illustrating further detail of an example capture audio process shown 

in FIG. 2.  

[0007] FIG. 4 is a flow diagram illustrating further detail of an example compute decision metric 

process shown in FIG. 2.  

[0008] FIG. 5 is a flow diagram illustrating further detail of an example process to determine the 

relationship between bins and band shown in FIG. 4.  

[0009] FIG. 6 is a flow diagram illustrating further detail of a second example process to determine 

the relationship between bins and band shown in FIG. 4 

[0010] FIG. 7 is a flow diagram of an example signature matching process.  

[0011] FIG. 8 is a diagram showing how signatures may be compared in accordance with the flow 

diagram of FIG. 7.  

[0012] FIG. 9 is a block diagram of an example signature generation system for generating signatures 

based on audio streams or audio blocks.  

[0013] FIG. 10 is a block diagram of an example signature comparison system for comparing 

signatures.  

[0014] FIG. 11 is a block diagram of an example processor system that may be used to implement 

the methods and apparatus described herein.  

DETAILED DESCRIPTION 

[00151 Although the following discloses example systems implemented using, among other 

components, software executed on hardware, it should be noted that such systems are merely illustrative 

and should not be considered as limiting. For example, it is contemplated that any or all of these 

hardware and software components could be embodied exclusively in hardware, exclusively in software, 

or in any combination of hardware and software. Accordingly, while the following describes example 
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systems, persons of ordinary skill in the art will readily appreciate that the examples provided are not the 

only way to implement such systems.  

[00161 The methods and apparatus described herein generally relate to generating digital signatures 

that may be used to identify media information. A digital signature is an audio descriptor that accurately 

characterizes audio signals for the purpose of matching, indexing, or database retrieval. In particular, the 

disclosed methods and apparatus are described with respect to generating digital signatures based on audio 

streams or audio blocks (e.g., audio information). However, the methods and apparatus described herein 

may also be used to generate digital signatures based on any other type of media information such as, for 

example, video information, web pages, still images, computer data, etc. Further, the media information 

may be associated with broadcast information (e.g., television information, radio information, etc.), 

information reproduced from any storage medium (e.g., compact discs (CD), digital versatile discs 

(DVD), etc.), or any other information that is associated with an audio stream, a video stream, or any 

other media information for which the digital signatures are generated. In one particular example, the 

audio streams are identified based on digital signatures including monitored digital signatures generated at 

a monitoring site (e.g., a monitored household) and reference digital signatures generated and/or stored at 

a reference site and/or a central data collection facility.  

[0017] As described in detail below, the methods and apparatus described herein identify media 

information including audio streams based on digital signatures. The example techniques described 

herein compute a signature at a particular time using a block of audio samples by analyzing attributes of 

the audio spectrum in the block of audio samples. As described below, decision functions, or decision 

metrics, are computed for signal bands of the audio spectrum and signature bits are assigned to the block 

of audio samples based on the values of the decision metrics. The decision functions or metrics may be 

calculated based on comparisons between spectral bands or through the convolution of the bands with two 

or more vectors. The decision functions may also be derived from other than spectral representations of 

the original signal, (e.g., from the wavelet transform, the cosine transform, etc.).  
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[00181 Monitored signatures may be generated using the above techniques at a monitoring site based 

on audio streams associated with media information (e.g., a monitored audio stream) that is consumed by 

an audience. For example, a monitored signature may be generated based on the audio blocks of a track 

of a television program presented at a monitoring site. The monitored signature may then be 

communicated to a central data collection facility for comparison to one or more reference signatures.  

[0019] Reference signatures are generated at a reference site and/or a central data collection facility 

using the above techniques on audio streams associated with known media information. The known 

media information may include media that is broadcast within a region, media that is reproduced within a 

household, media that is received via the Internet, etc. Each reference signature is stored in a memory 

with media identification information such as, for example, a song title, a movie title, etc. When a 

monitored signature is received at the central data collection facility, the monitored signature is compared 

with one or more reference signatures until a match is found. This match information may then be used to 

identify the media information (e.g., monitored audio stream) from which the monitored signature was 

generated. For example, a look-up table or a database may be referenced to retrieve a media title, a 

program identity, an episode number, etc. that corresponds to the media information from which the 

monitored signature was generated.  

[00201 In one example, the rates at which monitored signatures and reference signatures are 

generated may be different. Of course, in an arrangement in which the data rates of the monitored and 

reference signatures differ, this difference must be accounted for when comparing monitored signatures 

with reference signatures. For example, if the monitoring rate is 25% of the reference rate, each 

consecutive monitored signature will correspond to every fourth reference signature.  

[0021] FIGS. 1A and 1B illustrate example audio stream identification systems 100 and 150 for 

generating digital spectral signatures and identifying audio streams. The example audio stream 

identification systems 100 and 150 may be implemented as a television broadcast information 

identification system and a radio broadcast information identification system, respectively. The example 
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audio stream identification system 100 includes a monitoring site 102 (e.g., a monitored household), a 

reference site 104, and a central data collection facility 106.  

[0022] Monitoring television broadcast information involves generating monitored signatures at the 

monitoring site 102 based on the audio data of television broadcast information and communicating the 

monitored signatures to the central data collection facility 106 via a network 108. Reference signatures 

may be generated at the reference site 104 and may also be communicated to the central data collection 

facility 106 via the network 108. The audio content represented by a monitored signature that is generated 

at the monitoring site 102 may be identified at the central data collection facility 106 by comparing the 

monitored signature to one or more reference signatures until a match is found. Alternatively, monitored 

signatures may be communicated from the monitoring site 102 to the reference site 104 and compared one 

or more reference signatures at the reference site 104. In another example, the reference signatures may 

be communicated to the monitoring site 102 and compared with the monitored signatures at the 

monitoring site 102.  

[0023] The monitoring site 102 may be, for example, a household for which the media consumption 

of an audience is monitored. In general, the monitoring site 102 may include a plurality of media delivery 

devices 110, a plurality of media presentation devices 112, and a signature generator 114 that is used to 

generate monitored signatures associated with media presented at the monitoring site 102.  

[0024] The plurality of media delivery devices 110 may include, for example, set top box tuners 

(e.g., cable tuners, satellite tuners, etc.), DVD players, CD players, radios, etc. Some or all of the media 

delivery devices 110 such as, for example, set top box tuners may be communicatively coupled to one or 

more broadcast information reception devices 116, which may include a cable, a satellite dish, an antenna, 

and/or any other suitable device for receiving broadcast information. The media delivery devices 110 

may be configured to reproduce media information (e.g., audio information, video information, web 

pages, still images, etc.) based on, for example, broadcast information and/or stored information.  

Broadcast information may be obtained from the broadcast information reception devices 116 and stored 

information may be obtained from any information storage medium (e.g., a DVD, a CD, a tape, etc.). The 
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media delivery devices 110 are communicatively coupled to the media presentation devices 112 and 

configurable to communicate media information to the media presentation devices 112 for presentation.  

The media presentation devices 112 may include televisions having a display device and/or a set of 

speakers by which audience members consume, for example, broadcast television information, music, 

movies, etc.  

[00251 The signature generator 114 may be used to generate monitored digital signatures based on 

audio information, as described in greater detail below. In particular, at the monitoring site 102, the 

signature generator 114 may be configured to generate monitored signatures based on monitored audio 

streams that are reproduced by the media delivery devices 110 and/or presented by the media presentation 

devices 112. The signature generator 114 may be communicatively coupled to the media delivery devices 

110 and/or the media presentation devices 112 via an audio monitoring interface 118. In this manner, the 

signature generator 114 may obtain audio streams associated with media information that is reproduced by 

the media delivery devices 110 and/or presented by the media presentation devices 112. Additionally or 

alternatively, the signature generator 114 may be communicatively coupled to microphones (not shown) 

that are placed in proximity to the media presentation devices 112 to detect audio streams. The signature 

generator 114 may also be communicatively coupled to the central data collection facility 106 via the 

network 108.  

[0026] The network 108 may be used to communicate signatures (e.g., digital spectral signatures), 

control information, and/or configuration information between the monitoring site 102, the reference site 

104, and the central data collection facility 106. Any wired or wireless communication system such as, 

for example, a broadband cable network, a DSL network, a cellular telephone network, a satellite network, 

and/or any other communication network may be used to implement the network 108.  

[00271 As shown in FIG. 1A, the reference site 104 may include a plurality of broadcast information 

tuners 120, a reference signature generator 122, a transmitter 124, a database or memory 126, and 

broadcast information reception devices 128. The reference signature generator 122 and the transmitter 
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124 may be communicatively coupled to the memory 126 to store reference signatures therein and/or to 

retrieve stored reference signatures therefrom.  

[0028] The broadcast information tuners 120 may be communicatively coupled to the broadcast 

information reception devices 128, which may include a cable, an antenna, a satellite dish, and/or any 

other suitable device for receiving broadcast information. Each of the broadcast information tuners 120 

may be configured to tune to a particular broadcast channel. In general, the number of tuners at the 

reference site 104 is equal to the number of channels available in a particular broadcast region. In this 

manner, reference signatures may be generated for all of the media information transmitted over all of the 

channels in a broadcast region. The audio portion of the tuned media information may be communicated 

from the broadcast information tuners 120 to the reference signature generator 122.  

[0029] The reference signature generator 122 may be configured to obtain the audio portion of all of 

the media information that is available in a particular broadcast region. The reference signature generator 

122 may then generate a plurality of reference signatures (as described in greater detail below) based on 

the audio information and store the reference signatures in the memory 126. Although one reference 

signature generator is shown in FIG. 1, a plurality of reference signature generators may be used in the 

reference site 104. For example, each of the plurality of signature generators may be communicatively 

coupled to a respective one of the broadcast information tuners 120.  

[0030] The transmitter 124 may be communicatively coupled to the memory 126 and configured to 

retrieve signatures therefrom and communicate the reference signatures to the central data collection 

facility 106 via the network 108.  

[0031] The central data collection facility 106 may be configured to compare monitored signatures 

received from the monitoring site 102 to reference signatures received from the reference site 104. In 

addition, the central data collection facility 106 may be configured to identify monitored audio streams by 

matching monitored signatures to reference signatures and using the matching information to retrieve 

television program identification information (e.g., program title, broadcast time, broadcast channel, etc.) 
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from a database. The central data collection facility 106 includes a receiver 130, a signature analyzer 132, 

and a memory 134, all of which are communicatively coupled as shown.  

[0032] The receiver 130 may be configured to receive monitored signatures and reference signatures 

via the network 108. The receiver 130 is communicatively coupled to the memory 134 and configured to 

store the monitored signatures and the reference signatures therein.  

[00331 The signature analyzer 132 may be used to compare reference signatures to monitored 

signatures. The signature analyzer 132 is communicatively coupled to the memory 134 and configured to 

retrieve the monitored signatures and the reference signatures from the same. The signature analyzer 132 

may be configured to retrieve reference signatures and monitored signatures from the memory 134 and 

compare the monitored signatures to the reference signatures until a match is found. The memory 134 

may be implemented using any machine accessible information storage medium such as, for example, one 

or more hard drives, one or more optical storage devices, etc.  

[0034] Although the signature analyzer 132 is located at the central data collection facility 106 in 

FIG. 1A, the signature analyzer 132 may instead be located at the reference site 104. In such a 

configuration, the monitored signatures may be communicated from the monitoring site 102 to the 

reference site 104 via the network 108. Alternatively, the memory 134 may be located at the monitoring 

site 102 and reference signatures may be added periodically to the memory 134 via the network 108 by 

transmitter 124. Additionally, although the signature analyzer 132 is shown as a separate device from the 

signature generators 114 and 122, the signature analyzer 132 may be integral with the reference signature 

generator 122 and/or the signature generator 114. Still further, although FIG. 1 depicts a single 

monitoring site (i.e., the monitoring site 102) and a single reference site (i.e., the reference site 104), 

multiple such sites may be coupled via the network 108 to the central data collection facility 106.  

[0035] The audio stream identification system 150 of FIG. lB may be configured to monitor and 

identify audio streams associated with radio broadcast information. In general, the audio stream 

identification system 150 is used to monitor the content that is broadcast by a plurality of radio stations in 

a particular broadcast region. Unlike the audio stream identification system 100 used to monitor 
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television content consumed by an audience, the audio stream identification system 150 may be used to 

monitor music, songs, etc. that are broadcast within a broadcast region and the number of times that they 

are broadcast. This type of media tracking may be used to determine royalty payments, proper use of 

copyrights, etc. associated with each audio composition. The audio stream identification system 150 

includes a monitoring site 152, a central data collection facility 154, and the network 108.  

[00361 The monitoring site 152 is configured to receive all radio broadcast information that is 

available in a particular broadcast region and generate monitored signatures based on the radio broadcast 

information. The monitoring site 152 includes the plurality of broadcast information tuners 120, the 

transmitter 124, the memory 126, and the broadcast information reception devices 128, all of which are 

described above in connection with FIG. 1A. In addition, the monitoring site 152 includes a signature 

generator 156. When used in the audio stream identification system 150, the broadcast information 

reception devices 128 are configured to receive radio broadcast information and the broadcast information 

tuners 120 are configured to tune to the radio broadcast stations. The number of broadcast information 

tuners 120 at the monitoring site 152 may be equal to the number of radio broadcasting stations in a 

particular broadcast region.  

[00371 The signature generator 156 is configured to receive the tuned to audio information from each 

of the broadcast information tuners 120 and generate monitored signatures for the same. Although one 

signature generator is shown (i.e., the signature generator 156), the monitoring site 152 may include 

multiple signature generators, each of which may be communicatively coupled to one of the broadcast 

information tuners 120. The signature generator 156 may store the monitored signatures in the memory 

126. The transmitter 124 may retrieve the monitored signatures from the memory 126 and communicate 

them to the central data collection facility 154 via the network 108.  

[0038] The central data collection facility 154 is configured to receive monitored signatures from the 

monitoring site 152, generate reference signatures based on reference audio streams, and compare the 

monitored signatures to the reference signatures. The central data collection facility 154 includes the 

receiver 130, the signature analyzer 132, and the memory 134, all of which are described in greater detail 
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above in connection with FIG. 1A. In addition, the central data collection facility 154 includes a reference 

signature generator 158.  

[0039] The reference signature generator 158 is configured to generate reference signatures based on 

reference audio streams. The reference audio streams may be stored on any type of machine accessible 

medium such as, for example, a CD, a DVD, a digital audio tape (DAT), etc. In general, artists and/or 

record producing companies send their audio works (i.e., music, songs, etc.) to the central data collection 

facility 154 to be added to a reference library. The reference signature generator 158 may read the audio 

data from the machine accessible medium and generate a plurality of reference signatures based on each 

audio work (e.g., the captured audio 300 of FIG. 3). The reference signature generator 158 may then store 

the reference signatures in the memory 134 for subsequent retrieval by the signature analyzer 132.  

Identification information (e.g., song title, artist name, track number, etc.) associated with each reference 

audio stream may be stored in a database and may be indexed based on the reference signatures. In this 

manner, the central data collection facility 154 includes a database of reference signatures and 

identification information corresponding to all known and available song titles.  

[0040] The receiver 130 is configured to receive monitored signatures from the network 108 and 

store the monitored signatures in the memory 134. The monitored signatures and the reference signatures 

are retrieved from the memory 134 by the signature analyzer 132 for use in identifying the monitored 

audio streams broadcast within a broadcast region. The signature analyzer 132 may identify the 

monitored audio streams by first matching a monitored signature to a reference signature. The match 

information and/or the matching reference signature are then used to retrieve identification information 

(e.g., a song title, a song track, an artist, etc.) from a database stored in the memory 134.  

[0041] Although one monitoring site (e.g., the monitoring site 152) is shown in FIG. IB, multiple 

monitoring sites may be communicatively coupled to the network 108 and configured to generate 

monitored signatures. In particular, each monitoring site may be located in a respective broadcast region 

and configured to monitor the content of the broadcast stations within a respective broadcast region.  
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[00421 Described below are example signature generation processes and apparatus to create digital 

signatures of, for example, 24 bits in length. In one example, each signature (i.e., each 24-bit word) is 

derived from a long block of audio samples having a duration of approximately 2 seconds. Of course, the 

signature length and the size of the block of audio samples selected are merely examples and other 

signature lengths and block sizes could be selected.  

[0043] FIG. 2 is a flow diagram representing an example signature generation process 200. As 

shown in FIG. 2, the signature generation process 200 first captures a block of audio that is to be 

characterized by a signature (block 202). The audio may be captured from an audio source via, for 

example, a hardwired connection to an audio source or via a wireless connection, such as an audio sensor, 

to an audio source. If the audio source is analog, the capturing includes sampling (digitizing) the analog 

audio source using, for example, an analog-to-digital converter.  

[0044] An incoming analog audio stream whose signatures are to be determined is digitally sampled 

at a sampling rate (Fs) of 8 kHz. This means that the analog audio is represented by digital samples 

thereof that are taken at the rate of eight thousand samples per second, or one sample every 125 

microseconds (us). Each of the audio samples may be represented by 16 bits of resolution. Generically, 

herein the number of captured samples in an audio block is referred to with the variable N. In one 

example, the audio is sampled at 8 kHz for a time duration of 2.048 seconds, which results in N=16384 

time domain samples. In such an arrangement the time range of audio captured corresponds to t.. .t+N/Fs, 

wherein t is the time of the first sample. Of course, the specific sampling rate, bit resolutions, sampling 

duration, and number of resulting time domain samples specified above is merely one example.  

[00451 As shown in FIG. 3, the capture audio process 202 may be implemented by shifting samples 

in an input buffer by an amount, such as 256 samples (block 302) and reading new samples to fill the 

emptied portion of the buffer (block 304). As described in the example below, signatures that characterize 

the block of audio are derived from frequency bands comprised of multiple frequency bins rather than 

frequency bins because individual bins are more sensitive to the selection of the audio block. In some 

examples, it is important to ensure that the signature is stable with respect to block alignment because 
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reference and metered site signatures, hereinafter referred to as site unit signatures, are computed from 

blocks of audio samples that are unlikely to be aligned with one another in the time domain. To address 

this issue, in one example, reference signatures are captured at intervals of 32 milliseconds (i.e., the 16384 

sample audio block is updated by appending 256 new samples and discarding the oldest 256 samples). In 

an example site unit, signatures are captured at intervals of 128 milliseconds or sample increments of 

1024 samples. Thus, the worst cast block misalignment between reference and site units is therefore 128 

samples. A desirable feature of the signature is robustness to shifts of 128 samples. In fact, during the 

match process described below it is expected that the site unit signature is identical to a reference 

signature in order to obtain a successful "hit" into a look up table.  

[00461 Returning to FIG. 2, after the audio is captured (block 202), the captured audio is transformed 

(blocks 204). In one example, the transformation may be a transformation from the time domain into the 

frequency domain. For example, the N samples of captured audio may be converted into an audio 

spectrum that is represented by N/2 complex discrete Fourier transformation (DFT) coefficients including 

real and imaginary frequency components. Equation 1, below, shows one example frequency 

transformation equation that may be performed on the time domain amplitude values to convert the same 

into complex-valued frequency domain spectral coefficients X[k].  

n=N-1 2rcnk 

X[k]= Y x[n]e N 

n=O 

Equation 1 

[00471 Wherein X[k] is a complex number having real and imaginary components, such that 

X[k] = XR [k] + jXj [k], 0 k N -1 with real and imaginary parts XR [k], X, [k], respectively.  

Each frequency component is identified by a frequency bin index k. Although, the above description 

refers to DFT processing, any suitable transformation, such as wavelet transforms, discrete cosine 

transform (DCT), MDCT, Haar transforms, Walsh transforms, etc., may be used.  
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[00481 After the transformation is complete (block 204), the process 200 computes decision metrics 

(block 206). As described below, the decision metrics may be calculated by dividing the transformed 

audio into bands (i.e., into several bands, each of which includes several complex-valued frequency 

component bins). In one example, the transformed audio may be divided into 24 bands of bins. After the 

division, a decision metric is determined for each band, for example, based on the relationship between 

values of the spectral coefficients in the bands as compared to one another or to another band, or as 

convolved with two or more vectors. The relationships may be based on the processing of groups of 

frequency components within each band. In one particular example, groups of frequency components 

may be selected in an iterative manner such that all frequency component bins within a band are, at some 

point in the iteration, a member of a group. The decision metric calculations yield, for example, one 

decision metric for each band of bins that are considered. Thus, for 24 bands of bins, 24 discrete decision 

metrics are generated. Example decision metric computations are described below in conjunction with 

FIGS. 4-6.  

[0049] Based on the decision metrics (block 206), the process 200 determines a digital signature 

(block 208). One example construct for a signature, therefore, is to derive each bit from the sign (i.e., the 

positive or negative nature) of a corresponding decision metric. For example, each bit of a 24-bit 

signature is set to 1 if the corresponding decision metric (which is defined below to be DB[p], where p is 

the band including the collection of bins under analysis) is non-negative. Conversely, a bit of a 24-bit 

signature is set to 0 if the corresponding decision metric (DB[p]) is negative.  

[00501 After the signature has been determined (block 208), the process 200 determines if it is time 

to iterate the signature generation process (block 210). When it is time to generate another signature, the 

process 200 captures audio (block 202) and the process 200 repeats.  

[00511 An example process of computing decision metrics 206 is shown in FIG. 4. According to this 

example, after the audio is transformed (block 206), the transformed audio is divided into bands (block 

402). In one example, a 24-bit signature S(t) at instant of time t (e.g., the time at which the last 

amplitude was captured) is computed by observing the spectral components (real and imaginary) at, for 
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example, 3072 consecutive bins starting at k = 508, which are divided into 24 bands. The 3072 

frequency bins span a frequency range extending, for example, from approximately 250 Hz to 

approximately 3.25 kHz. This frequency range is the frequency range in which most of the audio energy 

is contained in typical audio content such as speech and music. Sets of these bins form, for example, 24 

frequency bands B[p],O p P, where P = 24 bands, each including 128 bins. In general, in some 

examples, the number of bins within a band may not be the same across different bands.  

[0052] After the division of the transformed audio into bands (block 402), relationships are 

determined between the bins in each band (block 402). That is, to characterize the spectrum using a 

signature, a relationship between neighboring bins in a band has to be computed in a form that can be 

reduced to a single data bit for each band. These relationships may be determined by grouping frequency 

component bins and performing operations on each group. Two example manners of determining the 

relationship between bins in each band are shown in FIGS. 5 and 6. In some examples, the decision 

function computation for a selected band can be viewed as a data reduction step, whereby the values of 

the spectral coefficients in a band are reduced to a one-bit value.  

[0053] In general, it is possible to construct the decision function or metric D without referring to the 

energies of the underlying bands or magnitudes of the spectral components. In order to derive a different 

function D, it is possible to construct a quadratic form with respect to the vectors of real and imaginary 

components of the DFT coefficients can be used. Consider a set of vectors {XR(k), XI(k)}, where k is an 

index of DFT coefficient. The quadratic form D can be written as linear combination of the pairwise 

scalar (dot) products of the vectors in the above set. The relationship between bins and in each band may 

be determined through multiplication and summing of imaginary and real components representing the 

bins. This is possible because, as noted above, the results of a transformation include real and imaginary 

components for each bin. An example decision metric is shown below in Equation 2. As shown 

below, D[m] is a product of real and imaginary spectral components of a neighborhood or group of bins 

m - w,..m,..m + w surrounding a bin with frequency index m . Of course, the calculation of D[m] is 
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iterated for each value of m within the band. Thus, the calculation shown in Equation 2 is iterated until an 

entire band of frequency component bins has been processed.  

D[m] = [j]X [k] + X IrsXR [r]XR [s] + uvX, ,[u ]X [v]] 
m-wsj,k,r,s,u,vsm+w 

Equation 2 

[0054] Where ajk '6frs , Zuv are coefficients to be determined and j,k,r,s,u,v are indexes 

spanning across the neighborhood (i.e., across all the bins in the band). The design goal is to determine 

the numerical values of the coefficients {a, P, y} in this quadratic form that completely specifies D[m].  

[00551 After the D[m] values have been calculated for each value of m in a selected band based on 

bins neighboring each value of m, the D[m] are summed across all bins constituting a band p to obtain 

an overall decision metric DB[ P for band p . In general, DB[p] can be represented by linear 

combinations of dot products of the vectors formed by real and imaginary parts of the spectral amplitudes.  

Hence, the decision function, for a band p can also be represented in the form shown in Equation 3. As 

noted above in conjunction with FIG. 2, in one example, the sign (i.e., the positive or negative nature of 

the decision metric) determines the signature bit assignment for the band under consideration.  

DB [P] = I [2JkXR [j]X [k] ± ursXR [r]XR [s] +± uvX [u]X [v]] Equatio 
Ps j,k,r,s,uV PE 

n 3 

[0056] Turning now to FIG. 6, the relationship between the bins in the bands may be determined in a 

different example manner than that described above in conjunction with FIG. 5. As described below, this 

second example manner is a method of deriving a robust signature from a frequency spectrum of a signal, 

such as an audio signal, is by convolving each bin representing or constituting a band of the frequency 

spectrum with a pair of M-component complex vectors.  
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[00571 In one such example, the decision metric may limit a group width to 3 bins. That is, the 

division carried out by block 402 of FIG. 4 results in groups having three bins each, such that a value of 

w = 1 can be considered. In such an arrangement, rather than computing the coefficients ajk firs' uv , 

in one example a pair of 3-element complex vectors may be used to perform a convolution with three 

selected frequency bins (e.g., the three Fourier coefficients) constituting a group (block 602). Example 

vectors that may be used in the convolution are shown below as Equations 4 and 5, below. As with the 

above description, the consideration of 3 bin wide groups may be indexed and incremented until each bin 

of the band has been considered.  

[00581 While specific example vectors are shown in the following equations, it should be noted that 

any suitable values of vectors may be used to perform a frequency domain convolution or sliding 

correlation with the groups of three frequency bins of interest (i.e., the Fourier coefficients representing 

the bins of interest). In other examples, vectors having longer lengths than three may be used. Thus, the 

following example vectors are merely one implementation of vectors that may be used. In one example, 

the pair of vectors used to generate signature bits that are either 1 or 0 with equal probability must have 

constant energy (i.e., the sum of squares of the elements of both the vectors must be identical). In 

addition, in instances in which it is desirable to maintain computational simplicity, the number of vector 

elements should be small. In one example implementation, the number of elements is odd in order to 

create a neighborhood that is symmetrical in length on either side of a frequency bin of interest. While 

generating signatures it may be advantageous to choose different vector pairs for different bands in order 

to obtain maximum de-correlation between the bits of a signature.  

W : ( I -j),1,- -I(-I+ j) 
2 2 2 2 

Equation 4 
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2 2 2 jL 2 (2A 

Equation 5 

[00591 For a bin with index k the convolution with a complex 3-element vector 

W :[a + jb,c,d + je] results in the complex output shown in Equation 6.  

Aw[k] =(XR[k] + jX,[k])c + 

(XR[k -1] + jX,[k -1])(a + jb) + 

(XR[k + 1] + jX [k + 1])(d + je) 
Equation 6 

[0060] For the above vector pair, the difference in energy can be computed between the convolved 

bin amplitudes using the two vectors. This difference is shown in Equation 7.  

D WIW2([k] =|JA,(k ]|2 - W 2 [k]12 

Equation 7 

[00611 Upon expansion and simplification, the results are as shown in Equation 8.  

D 1W 2 [k] = 2(XR [k]Qk - X,[k]Pk)+ 

XR[k-1]XJ[k+1]-XR[k+1]XJ[k-1] 
Equation 8 

Where Pk =XR[k-1]-XR[k+1] and Qk =XI[k-1]-XI[k+1].  

[0062] The foregoing computes a feature related to the nature of the energy distribution for bin 

k within the block of time domain samples. In this instance it is a symmetry measure. If the energy 

difference is summed across all the bins of a band B,, a corresponding distribution measure for the entire 

block is obtained as shown in Equation 9.  
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Pe 

DB[p]= ZDww2(k] 
k=p, 

Equation 9 

Where p, and Pe are the start and end bin indexes for the band p. Hence an overall decision function for a 

band of interest can be a sum of the products of real and imaginary components with appropriately chosen 

numeric coefficients for individual bins contributing to this band.  

[00631 For a signature to be unique, each bit of the signature should be highly de-correlated from 

other bits. Such decorrelation can be achieved by using different coefficients in the convolutional 

computation across different bands. Convolution by vectors containing symmetric complex triplets helps 

to improve such a de-correlation. In the above example, correlation products are obtained that include 

both real and imaginary parts of all the 3 bins associated with a convolution. This is significantly 

different from simple energy measures based on squaring and adding the real and imaginary parts.  

[0064] In some arrangement, one of the drawbacks is that about 30% of the signatures generated 

contain adjacent bits that are highly correlated. For example, the most significant 8 bits of the 24-bit 

signature could all be either l's or 0's. Such signatures are referred to as trivial signatures because they 

are derived from blocks of audio in which the distribution of energy, at least with regard to a significant 

portion of the spectrum nearly identical for many spectral bands. The highly correlated nature of the 

resulting frequency bands leads to signature bits that are identical to one another across large segments.  

Several audio waveforms that differ greatly from one another can produce such signatures that would 

result in false positive matches. Such trivial signatures may be rejected during the matching process and 

may be detected by the matching process by the presence of long strings of l's or 0's.  

[00651 In order to extract meaningful signatures from such skewed distributions it may be necessary 

to use more than two vectors to extract band representations. In one example, three vectors may be used.  

Examples of three vectors that may be used are shown below at Equations 10-12.  
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1 
2 2

Equation 10 

W2: - ( .j),1,-(-+ - ) 2 2 2 2 2 2 
Equation 11 

W3 : -(-I+ F3j)1,-I( Ij)F 
2 2 2 2 2 2 

Equation 12 

[00661 The 24-bit signatures may now be computed in such a manner that each bit p,O p 23 of 

the signature differs from its neighbor in the vector pair used for determining its value: 

Pe 

DB [P] = Dm, [k] 
k=p, 

Equation 12 

[00671 As an example, bits or bands p = 0, 3, 6, etc. may use m = 1, n = 2 in the above equation, 

whereas bits or bands p = 1, 4, 7, etc. may use m = 1, n = 3 and bits or bands p = 2, 5, 8, etc. may use 

m = 2, n = 3. That is, the indices may be combined with any subset of the vectors. Even though adjacent 

bits are derived from frequency bands close to one another, the use of a different vector pair for the 

convolution makes them respond to different sections of the audio block. In this way they become de

correlated.  

[00681 Of course, more than three vectors may be used and the vectors may be combined with bits 

having indices in any suitable manner. In some examples, the use of more than two vectors may result in 
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a reduction in the occurrence of trivial signatures has been reduced to 10%. Additionally, some examples 

using more than two vectors may result in a 20% increase in the number of successful matches.  

[00691 The foregoing has described signaturing techniques that may be carried out to determine 

signatures representative of a portion of captured audio. As explained above, the signatures may be 

generated as reference signatures or site unit signatures. In general, reference signatures may be 

computed at intervals of, for example, 32 milliseconds or 256 audio samples and stored in a "hash table." 

In one example, the table look-up address is the signature itself. The content of the location is an index 

specifying the location in the reference audio stream from where the specific signature was captured.  

When a site unit signature is received for matching its value constitutes the address for entry into the hash 

table. If the location contains a valid time index it shows that a potential match has been detected.  

However, in one example, a single match based on signatures derived from a 2 second block of audio 

cannot be used to declare a successful match.  

[00701 In fact the hash table accessed by the site unit signature itself may contain multiple indexes 

stored as a linked list. Each such entry indicates a potential match location in the reference audio stream.  

In order to confirm a match, subsequent site unit signatures are examined for "hits" in the hash table.  

Each such hit may generate indexes pointing to different reference audio stream locations. Site unit 

signatures are also time indexed.  

[00711 The difference in index values between site unit signatures and matching reference unit 

signatures, provides an offset value. When a successful match is observed several site unit signatures 

separated from one another in time steps of 128 milliseconds yield hits in the hash table such that the 

offset value is the same as a previous hit. When the number of identical offsets observed in a segment of 

site unit signatures exceeds a threshold we can confirm a match between 2 corresponding time segments 

in the reference and site unit streams.  

[0072] FIG. 7 shows one example signature matching process 700 that may be carried out to compare 

reference signatures (i.e., signatures determined at a reference site(s)) to monitored signatures (i.e., 

signatures determined at a monitoring site). The ultimate goal of signature matching is to find the closest 
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match between a query audio signature (e.g., monitored audio) and signatures in a database (e.g., 

signatures taken based on reference audio). The comparison may be carried out at a reference site, a 

monitoring site, or any other data processing site having access to the monitored signatures and a database 

containing reference signatures.  

[0073] Now turning in detail to the example method of FIG. 7, the example process 700 involves 

obtaining a monitored signature and its associated timing (block 702). As shown in FIG. 8, a signature 

collection may include a number of monitored signatures, three of which are shown in FIG. 8 at reference 

numerals 802, 804 and 806. Each of the signatures is represented by a sigma (u). Each of the monitored 

signatures 802, 804, 806 may include timing information 808, 810, 812, whether that timing information 

is implicit or explicit.  

[0074] A query is then made to a database containing reference signatures (block 704) to identify the 

signature in the database having the closest match. In one implementation, the measure of similarity 

(closeness) between signatures is taken to be a Hamming distance, namely, the number of position at 

which the values of query and reference bit strings differ. In FIG. 8, a database of signatures and timing 

information is shown at reference numeral 816. Of course, the database 806 may include any number of 

different signatures from different media presentations. An association is then made between the program 

associated with the matching reference signature and the unknown signature (block 706).  

[00751 Optionally, the process 700 may then establish an offset between the monitored signature and 

the reference signature (block 708). This offset is helpful because it remains constant for a significant 

period of time for consecutive query signatures whose values are obtained from the continuous content.  

The constant offset value in itself is a measure indicative of matching accuracy. This information may be 

used to assist the process 700 in further database queries.  

[00761 In instances where all of the descriptors of more than one reference signature are associated 

with a Hamming distance below the predetermined Hamming distance threshold, more than one 

monitored signature may need to be matched with respective reference signatures of the possible matching 

reference audio streams. It will be relatively unlikely that all of the monitored signatures generated based 
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on the monitored audio stream will match all of the reference signatures of more than one reference audio 

stream, and, thus erroneously matching more than one reference audio stream to the monitored audio 

stream can be prevented.  

[0077] The example methods, processes, and/or techniques described above may be implemented by 

hardware, software, and/or any combination thereof. More specifically, the example methods may be 

executed in hardware defined by the block diagrams of FIGS. 9 and 10. The example methods, processes, 

and/or techniques may also be implemented by software executed on a processor system such as, for 

example, the processor system 1110 of FIG. 11.  

[00781 FIG. 9 is a block diagram of an example signature generation system 900 for generating 

digital spectral signatures. In particular, the example signature generation system 900 may be used to 

generate monitored signatures and/or reference signatures based on the sampling, transforming, and 

decision metric computation, as described above. For example, the example signature generation system 

900 may be used to implement the signature generators 114 and 122 of FIG. 1A or the signature 

generators 156 and 158 of FIG. 1B. Additionally, the example signature generation system 900 may be 

used to implement the example methods of FIGS. 2-6.  

[00791 As shown in FIG. 9, the example signature generation system 900 includes a sample 

generator 902, a transformer 908, a decision metric computer 910, a signature determiner 914, storage 

916, and a data communication interface 918, all of which may be communicatively coupled as shown.  

The example signature generation system 900 may be configured to obtain an example audio stream, 

acquire a plurality of audio samples from the example audio stream to form a block of audio and from that 

single block of audio, generate a signature representative thereof.  

[0080] The sample generator 902 may be configured to obtain the example audio or media stream.  

The stream may be any analog or digital audio stream. If the example audio stream is an analog audio 

stream, the sample generator 902 may be implemented using an analog-to-digital converter. If the 

example audio stream is a digital audio stream, the sample generator 902 may be implemented using a 

digital signal processor. Additionally, the sample generator 902 may be configured to acquire and/or 
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extract audio samples at any desired sampling frequency Fs. For example, as described above, the sample 

generator may be configured to acquire N samples at 8 kHz and may use 16 bits to represent each sample.  

In such an arrangement, N may be any number of samples such as, for example, 16384. The sample 

generator 902 may also notify the reference time generator 904 when an audio sample acquisition process 

begins. The sample generator 902 communicates samples to the transformer 908..  

[0081] The timing device 903 may be configured to generate time data and/or timestamp information 

and may be implemented by a clock, a timer, a counter, and/or any other suitable device. The timing 

device 903 may be communicatively coupled to the reference time generator 904 and may be configured 

to communicate time data and/or timestamps to the reference time generator 904. The timing device 903 

may also be communicatively coupled to the sample generator 902 and may assert a start signal or 

interrupt to instruct the sample generator 902 to begin collecting or acquiring audio sample data. In one 

example, the timing device 903 may be implemented by a real-time clock having a 24-hour period that 

tracks time at a resolution of milliseconds. In this case, the timing device 903 may be configured to reset 

to zero at midnight and track time in milliseconds with respect to midnight.  

[0082] The reference time generator 904 may initialize a reference time to when a notification is 

received from the sample generator 902. The reference time to may be used to indicate the time within an 

audio stream at which a signature is generated. In particular, the reference time generator 904 may be 

configured to read time data and/or a timestamp value from the timing device 903 when notified of the 

beginning of a sample acquisition process by the sample generator 902. The reference time generator 904 

may then store the timestamp value as the reference time to.  

[0083] The transformer 908 may be configured to perform an N/2 point DFT on each of 16384 

sample audio blocks. For example, if the sample generator obtains 16384 samples, the transformer will 

produce a spectrum from the samples wherein the spectrum is represented by 8192 discrete frequency 

coefficients having real and imaginary components.  

[0084] In one example, the decision metric computer 910 is configured to identify several frequency 

bands (e.g., 24 bands) within the DFTs generated by the transformer 908 by grouping adjacent bins for 
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consideration. In one example, three bins are selected per band and 24 bands are formed. The bands may 

be selected according to any technique. Of course, any number of suitable bands and bins per band may 

be selected.  

[0085] The decision metric computer 910 then determines a decision metric for each band. For 

example, decision metric computer 910 may multiply and add the complex amplitudes or energies in 

adjacent bins of a band. Alternatively, as described above, the decision metric computer 910 may 

convolve the bins with two or more vectors of any suitable dimensionality. For example, as the decision 

metric computer 910 may convolve three bins of a band with two vectors, each of which has three 

dimensions. In a further example, the decision metric computer 910 may convolve three bins of a band 

with two vectors selected from a set of three vectors, wherein two of three vectors are selected based on 

the band being considered. For example, the vectors may be selected in a rotating fashion, wherein the 

first and second vectors are used for a first band, the first and third vectors are used for a second band, and 

the second and third vectors are used for a third band, and wherein such a selection rotation cycles.  

[00861 The results of the decision metric computer 910 is a single number for each band of bins. For 

example, if there are 24 bands of bins, 24 decision metrics will be produced by the decision metric 

computer 910.  

[00871 The signature determiner 914 operates on the resulting values from the decision metric 

computer 910 to produce one signature bit for each of the decision metrics. For example, if the decision 

metric is positive, it may be assigned a bit value of one, whereas a negative decision metric may be 

assigned a bit value of zero. The signature bits are output to the storage 916.  

[00881 The storage may be any suitable medium for accommodating signature storage. For example, 

the storage 916 may be a memory such as random access memory (RAM), flash memory, or the like.  

Additionally or alternatively, the storage 916 may be a mass memory such as a hard drive, an optical 

storage medium, a tape drive, or the like.  
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[00891 The storage 916 is coupled to the data communication interface 918. For example, if the 

system 900 is in a monitoring site (e.g., in a person's home) the signature information in the storage 916 

may be communicated to a collection facility, a reference site, or the like, using the data communication 

interface 918.  

[0090] FIG. 10 is a block diagram of an example signature comparison system 1000 for comparing 

digital spectral signatures. In particular, the example signature comparison system 1000 may be used to 

compare monitored signatures with reference signatures. For example, the example signature comparison 

system 1000 may be used to implement the signature analyzer 132 of FIG. 1A to compare monitored 

signatures with reference signatures. Additionally, the example signature comparison system 1600 may 

be used to implement the example process of FIG. 7.  

[0091] The example signature comparison system 1000 includes a monitored signature receiver 

1002, a reference signature receiver 1004, a comparator 1006, a Hamming distance filter 1008, a media 

identifier 1010, and a media identification look-up table interface 1012, all of which may be 

communicatively coupled as shown.  

[0092] The monitored signature receiver 1002 may be configured to obtain monitored signatures via 

the network 108 (FIG. 1) and communicate the monitored signatures to the comparator 1606. The 

reference signature receiver 1604 may be configured to obtain reference signatures from the memory 134 

(FIGS. 1A and 1B) and communicate the reference signatures to the comparator 1006.  

[0093] The comparator 1006 and the Hamming distance filter 1008 may be configured to compare 

reference signatures to monitored signatures using Hamming distances. In particular, the comparator 

1006 may be configured to compare descriptors of monitored signatures with descriptors from a plurality 

of reference signatures and to generate Hamming distance values for each comparison. The Hamming 

distance filter 1008 may then obtain the Hamming distance values from the comparator 1006 and filter out 

non-matching reference signatures based on the Hamming distance values.  
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[00941 After a matching reference signature is found, the media identifier 1010 may obtain the 

matching reference signature and in cooperation with the media identification look-up table interface 1012 

may identify the media information associated with an unidentified audio stream. For example, the media 

identification look-up table interface 1012 may be communicatively coupled to a media identification 

look-up table or a database that is used to cross-reference media identification information (e.g., movie 

title, show title, song title, artist name, episode number, etc.) based on reference signatures. In this 

manner, the media identifier 1010 may retrieve media identification information from the media 

identification database based on the matching reference signatures.FIG. 11 is a block diagram of an 

example processor system 1110 that may be used to implement the apparatus and methods described 

herein. As shown in FIG. 11, the processor system 1110 includes a processor 1112 that is coupled to an 

interconnection bus or network 1114. The processor 1112 includes a register set or register space 116, 

which is depicted in FIG. 11 as being entirely on-chip, but which could alternatively be located entirely or 

partially off-chip and directly coupled to the processor 1112 via dedicated electrical connections and/or 

via the interconnection network or bus 1114. The processor 1112 may be any suitable processor, 

processing unit or microprocessor. Although not shown in FIG. 11, the system 1110 may be a multi

processor system and, thus, may include one or more additional processors that are identical or similar to 

the processor 1112 and that are communicatively coupled to the interconnection bus or network 1114.  

[00951 The processor 1112 of FIG. 11 is coupled to a chipset 1118, which includes a memory 

controller 1120 and an input/output (1/0) controller 1122. As is well known, a chipset typically provides 

1/0 and memory management functions as well as a plurality of general purpose and/or special purpose 

registers, timers, etc. that are accessible or used by one or more processors coupled to the chipset. The 

memory controller 1120 performs functions that enable the processor 1112 (or processors if there are 

multiple processors) to access a system memory 1124 and a mass storage memory 1125.  

[0096] The system memory 1124 may include any desired type of volatile and/or non-volatile 

memory such as, for example, static random access memory (SRAM), dynamic random access memory 

(DRAM), flash memory, read-only memory (ROM), etc. The mass storage memory 1125 may include 
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any desired type of mass storage device including hard disk drives, optical drives, tape storage devices, 

etc.  

[00971 The I/O controller 1122 performs functions that enable the processor 1112 to communicate 

with peripheral input/output (1/0) devices 1126 and 1128 via an 1/0 bus 1130. The I/O devices 1126 and 

1128 may be any desired type of 1/0 device such as, for example, a keyboard, a video display or monitor, 

a mouse, etc. While the memory controller 1120 and the 1/0 controller 1122 are depicted in FIG. 11 as 

separate functional blocks within the chipset 1118, the functions performed by these blocks may be 

integrated within a single semiconductor circuit or may be implemented using two or more separate 

integrated circuits.  

[0098] The methods described herein may be implemented using instructions stored on a computer 

readable medium that are executed by the processor 1112. The computer readable medium may include 

any desired combination of solid state, magnetic and/or optical media implemented using any desired 

combination of mass storage devices (e.g., disk drive), removable storage devices (e.g., floppy disks, 

memory cards or sticks, etc.) and/or integrated memory devices (e.g., random access memory, flash 

memory, etc.).  

[0099] As will be readily appreciated, the foregoing signature generation and matching processes 

and/or methods may be implemented in any number of different ways. For example, the processes may 

be implemented using, among other components, software, or firmware executed on hardware. However, 

this is merely one example and it is contemplated that any form of logic may be used to implement the 

processes. Logic may include, for example, implementations that are made exclusively in dedicated 

hardware (e.g., circuits, transistors, logic gates, hard-coded processors, programmable array logic (PAL), 

application-specific integrated circuits (ASICs), etc.) exclusively in software, exclusively in firmware, or 

some combination of hardware, firmware, and/or software. For example, instructions representing some 

portions or all of processes shown may be stored in one or more memories or other machine readable 

media, such as hard drives or the like. Such instructions may be hard coded or may be alterable.  

Additionally, some portions of the process may be carried out manually. Furthermore, while each of the 
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processes described herein is shown in a particular order, those having ordinary skill in the art will readily 

recognize that such an ordering is merely one example and numerous other orders exist. Accordingly, 

while the foregoing describes example processes, persons of ordinary skill in the art will readily 

appreciate that the examples are not the only way to implement such processes.  

[00100] Although certain methods, apparatus, and articles of manufacture have been described herein, 

the scope of coverage of this patent is not limited thereto.  
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What is claimed is: 

1. A method of characterizing media comprising: 

capturing a block of audio; 

converting at least a portion of the block of audio into a frequency domain representation 

including a plurality of complex-valued frequency components; 

defining a band of complex-valued frequency components for consideration; 

determining a decision metric using the band of complex-valued frequency components; and 

determining a signature bit based on a value of the decision metric.  

2. A method as defined in claim 1, wherein capturing the block of audio comprises obtaining 

audio via a hardwired connection.  

3. A method as defined in claim 1, wherein capturing the block of audio comprising 

obtaining audio via a wireless audio sensor.  

4. A method as defined in claim 1, wherein capturing the block of audio comprises digital 

sampling of an audio signal and storing the digital samples in a buffer.  

5. A method as defined in claim 4, wherein capturing the block of audio comprises shifting a 

number of old samples from the buffer and shifting a number of new samples into the buffer.  

6. A method as defined in claim 1, wherein converting at least a portion of the block of 

audio into the frequency domain representation comprises the use of a Fourier transformation.  

7. A method as defined in claim 1, wherein defining the band of complex-valued frequency 

components comprises grouping complex-valued frequency components that are adjacent in the frequency 

domain representation.  

8. A method as defined in claim 7, wherein defining the band of complex-valued frequency 

components comprises grouping complex-valued frequency components in an audible frequency range.  
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9. A method as defined in claim 1, wherein determining the decision metric using the band 

of complex-valued frequency components comprises a linear combination of dot products of a set of 

vectors representing real and imaginary components of the complex-valued frequency components in the 

band.  

10. A method as defined in claim 9, wherein the linear combination is calculated based on a 

group of complex-valued frequency components within the band.  

11. A method as defined in claim 9, wherein determining the decision metric further 

comprises calculating a sum of linear combinations across all complex-valued frequency components in 

the band.  

12. A method as defined in claim 1, wherein determining the decision metric using the band 

of complex-valued frequency components comprises a convolution of complex-valued frequency 

components with complex vectors.  

13. A method as defined in claim 12, wherein the convolution includes convolving each 

complex-valued frequency component in the band with a pair of complex vectors.  

14. A method as defined in claim 13, wherein a group of three complex-valued frequency 

components in the band are each convolved with a pair of three element complex vectors.  

15. A method as defined in claim 14, wherein determining the decision metric comprises a 

sum of convolutions.  

16. A method as defined in claim 15, wherein a sum of squares of a first three element vector 

is equal to a sum of squares of a second three element vector.  

17. A method as defined in claim 15, wherein the pair of three element complex vectors is 

selected from a set of three or more three element complex vectors.  

18. A method as defined in claim 17, wherein the pair of three element complex vectors is 

selected based on a band being processed.  

19. A method as defined in claim 12, wherein the convolution of complex-valued frequency 

components with complex vectors represents energy distribution symmetry in the band.  
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20. A method as defined in claim 12, wherein the decision metric is based on differences of 

results of convolutions between the complex-valued frequency components with a first complex vector 

and results of convolutions between the complex-valued frequency components with a second complex 

vector.  

21. A method as defined in claim 20, wherein the decision metric is based on a sum of 

differences of results of convolutions between the complex-valued frequency components with a first 

complex vector and results of convolutions between the complex-valued frequency components with a 

second complex vector.  

22. An apparatus to characterize media comprising: 

a sample generator to capture a block of audio; 

a transformer to convert at least a portion of the block of audio into a frequency domain 

representation including a plurality of complex-valued frequency components; 

a decision metric computer to: 

define a band of complex-valued frequency components for consideration; and 

determine a decision metric using the band of complex-valued frequency components; 

and 

a signature determiner to determine a signature bit based on a value of the decision metric.  

23. An apparatus as defined in claim 22, wherein capturing the block of audio comprises 

obtaining audio via a hardwired connection.  

24. An apparatus as defined in claim 22, wherein capturing the block of audio comprising 

obtaining audio via a wireless audio sensor.  

25. An apparatus as defined in claim 22, wherein capturing the block of audio comprises 

digital sampling of an audio signal and storing the digital samples in a buffer.  

26. An apparatus as defined in claim 25, wherein capturing the block of audio comprises 

shifting a number of old samples from the buffer and shifting a number of new samples into the buffer.  
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27. An apparatus as defined in claim 22, wherein converting at least a portion of the block of 

audio into the frequency domain representation comprises the use of a Fourier transformation.  

28. An apparatus as defined in claim 22, wherein defining the band of complex-valued 

frequency components comprises grouping frequency components that are adjacent in the frequency 

domain representation.  

29. An apparatus as defined in claim 28, wherein defining the group of complex-valued 

frequency components comprises grouping complex-valued frequency components in an audible 

frequency range.  

30. An apparatus as defined in claim 22, wherein determining the decision metric using the 

band of complex-valued frequency components comprises a linear combination of dot products of a set of 

vectors representing real and imaginary components of the complex-valued frequency components in the 

band.  

31. An apparatus as defined in claim 30, wherein the linear combination is calculated based 

on a group of complex-valued frequency components within the band.  

32. An apparatus as defined in claim 30, wherein determining the decision metric further 

comprises calculating a sum of linear combinations across all complex-valued frequency components in 

the band.  

33. An apparatus as defined in claim 22, wherein determining the decision metric using the 

group of complex-valued frequency components comprises a convolution of complex-valued frequency 

components with complex vectors.  

34. An apparatus as defined in claim 33, wherein the convolution includes convolving each 

complex-valued frequency component in the band with a pair of complex vectors.  

35. An apparatus as defined in claim 34, wherein a group of three complex-valued frequency 

components in the band are each convolved with a pair of three element complex vectors.  

36. An apparatus as defined in claim 35, wherein determining the decision metric comprises a 

sum of convolutions.  
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37. An apparatus as defined in claim 35, wherein a sum of squares of a first three element 

vector is equal to a sum of squares of a second three element vector.  

38. An apparatus as defined in claim 35, wherein the pair of three element complex vectors is 

selected from a set of three or more three element complex vectors.  

39. An apparatus as defined in claim 35, wherein the pair of three element complex vectors is 

selected based on a band being processed.  

40. An apparatus as defined in claim 33, wherein the convolution of complex-valued 

frequency components with complex vectors represents energy distribution symmetry in the band.  

41. An apparatus as defined in claim 33, wherein the decision metric is based on differences 

of results of convolutions between the complex-valued frequency components with a first complex vector 

and results of convolutions between the complex-valued frequency components with a second complex 

vector.  

42. An apparatus as defined in claim 41, wherein the decision metric is based on a sum of 

differences of results of convolutions between the complex-valued frequency components with a first 

complex vector and results of convolutions between the complex-valued frequency components with a 

second complex vector.  

43. A machine readable medium having instructions stored thereon that, when executed, 

cause a machine to: 

capture a block of audio; 

convert at least a portion of the block of audio into a frequency domain representation including a 

plurality of complex-valued frequency components; 

define a group of frequency components into a band for consideration; 

determine a decision metric using the band of complex-valued frequency components; and 

determine a signature bit based on a value of the decision metric.  

44. A machine readable medium as defined in claim 43, wherein the instructions further 

cause the machine to obtain audio via a hardwired connection.  
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45. A machine readable medium as defined in claim 43, wherein the instructions further 

cause the machine to obtain audio via a wireless audio sensor.  

46. A machine readable medium as defined in claim 43, wherein the instructions further 

cause the machine to digitally sample an audio signal and store the digital samples in a buffer.  

47. A machine readable medium as defined in claim 46, wherein the instructions further 

cause the machine to shift a number of old samples from the buffer and shift a number of new samples 

into the buffer.  

48. A machine readable medium as defined in claim 43, wherein the instructions further 

cause the machine to convert at least a portion of the block of audio into the frequency domain 

representation through use of a Fourier transformation.  

49. A machine readable medium as defined in claim 43, wherein the instructions further 

cause the machine to define a band of complex-valued frequency components that are adjacent in the 

frequency domain representation.  

50. A machine readable medium as defined in claim 49, wherein the instructions further 

cause the machine to define the band of complex-valued frequency components by grouping complex

valued frequency components in an audible frequency range.  

51. A machine readable medium as defined in claim 43, wherein the instructions further 

cause the machine to determine the decision metric using the band of complex-valued frequency 

components using a linear combination of dot products of a set of vectors representing real and imaginary 

components of the complex-valued frequency components within the band.  

52. A machine readable medium as defined in claim 51, wherein the linear combination is 

calculated based on a group of complex-valued frequency components within the band.  

53. A machine readable medium as defined in claim 51, wherein the instructions further 

cause the machine to determine the decision metric further by calculating a sum of linear combinations 

across all complex-valued frequency components in the band.  
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54. A machine readable medium as defined in claim 43, wherein the instructions further 

cause the machine to determine the decision metric based on the band of complex-valued frequency 

components using a convolution of complex-valued frequency components with complex vectors.  

55. A machine readable medium as defined in claim 54, wherein the instructions further 

cause the machine to convolve each complex-valued frequency component in the band with a pair of 

complex vectors.  

56. A machine readable medium as defined in claim 55, wherein a group of three complex

valued frequency components in the band are each convolved with a pair of three element complex 

vectors.  

57. A machine readable medium as defined in claim 56, wherein determining the decision 

metric comprises a sum of convolutions.  

58. A machine readable medium as defined in claim 57, wherein a sum of squares of a first 

three element vector is equal to a sum of squares of a second three element vector.  

59. A machine readable medium as defined in claim 57, wherein the pair of three element 

complex vectors is selected from a set of three or more three element complex vectors.  

60. A machine readable medium as defined in claim 59, wherein the pair of three element 

complex vectors is selected based on a band being processed.  

61. A machine readable medium as defined in claim 50, wherein the convolution of complex

valued frequency components with complex vectors represents energy distribution symmetry in the band 

of consideration.  

62. A machine readable medium as defined in claim 54, wherein the decision metric is based 

on differences of results of convolutions between the complex-valued frequency components with a first 

complex vector and results of convolutions between the complex-valued frequency components with a 

second complex vector.  
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63. A machine readable medium as defined in claim 62, wherein the decision metric is based 

on a sum of differences of results of convolutions between the complex-valued frequency components 

with a first complex vector and results of convolutions between the complex-valued frequency 

components with a second complex vector.  

64. A method of characterizing media comprising: 

capturing a block of audio; 

converting at least a portion of the block of audio into a transform domain representation 

including a plurality of transform domain coefficients; 

defining a band of transform domain coefficients for consideration; 

determining a decision metric by calculating a convolution of the transform domain coefficients 

with complex vectors; and 

determining a signature bit based on a value of the decision metric.  

65. A method as defined in claim 64, wherein the convolution includes convolving each 

transform domain coefficient in the band with a pair of complex vectors.  

66. A method as defined in claim 65, wherein a group of three transform domain coefficients 

in the band are each convolved with a pair of three element complex vectors.  
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