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(57) ABSTRACT 
During a live performance of an audio piece, an audience 
member may use a network-based system to identify the 
audio piece during its performance. A machine may be con 
figured to receive, from the audience member's device, a live 
fingerprint of a segment of a live performance of the audio 
piece being performed differently from a reference version of 
the audio piece recorded by an artist. The machine may iden 
tify a performer that is performing the live version and access 
a set of reference fingerprints based on the identified per 
former of the live version. The reference fingerprints may be 
generated from segments of reference versions of audio 
pieces recorded by the artist. The machine may compare the 
live fingerprint to the set of reference fingerprints, determine 
a match, and provide the identifier to the audience members 
device. 

RECEIVE IDENTIFIER IN USER SUBMISSION 

RECEIVE METADATA FROM FIRST DEVICE 

DETECT GEOLOCATION OF FIRST DEVICE 

QUERYDATABASE FOR DENTIFIER 

TALLY VOTES FOR IDENTIFIER 

610 na 

310 

620 N 

630 N 

640 

320 650 N. 

328 
660 a 

3 3 O 

3 3 2 

3 4 O 

ACCESSIDENTIFIER FROMPERFORMER'S DEVICE 



Patent Application Publication Oct. 22, 2015 Sheet 1 of 10 US 2015/030208.6 A1 

- - - - - 419.--------------- -100 
NETWORK-BASED SYSTEM 

110 

IDENTIFICATION 115 
MACHINE DATABASE 

AUDIENCE 

1 122 20 
132 

DEVICE 130 
DEVICE 

190 140 i 
DEVICE 

150 i 
DEVICE 

--- -CN - CN 

160 

tes DEVICE MIXER 
PERFORMER 

FIG. I. 

  



Patent Application Publication 

110 

Oct. 22, 2015 Sheet 2 of 10 US 2015/030208.6 A1 

IDENTIFICATION MACHINE 

IDENTIFIER MODULE 

RECEPTION MODULE 

230 

DETERMINATIONMODULE 

240 

CORRELATIONMODULE 

QUERY MODULE 

RESULT MODULE 

FIG. 2 

270 

280 

290 

PERFORMERMODULE 

REFERENCE MODULE 

COMPARISON MODULE 

  



Patent Application Publication Oct. 22, 2015 Sheet 3 of 10 US 2015/030208.6 A1 

PROVIDEDENTIFIER AND 
METADATA 

RECEIVE DENTIFIER AND 
METADATA 

y 300 

IDENTIFICATION MACHINE FIRST DEVICE 

310 
OBTAIN IDENTIFIER OF 

AUDIO PIECE 317 

RECORD LIVE SEGMENT 

318 

GENERATE LIVE FINGERPRINT 
(E.G., USING 1ST TECHNIQUE) 

320 319 
RECEIVE FINGERPRINT SEND FINGERPRINT 

328 

DETERMINE THAT 
PERFORMANCE IS NOT 

DONE 

330 
ASSIGN IDENTIFIERTO 

FINGERPRINT 

332 
ACCESS METADATA OF 

AUDIO PIECE 

340 341 

FIG. 3 

  



Patent Application Publication Oct. 22, 2015 Sheet 4 of 10 US 2015/030208.6 A1 

-300 
IDENTIFICATION MACHINE SECOND DEVICE 

417 

From 340 RECORD LIVE SEGMENT 

418 

GENERATE LIVE FINGERPRINT 
(E.G., USING 1ST TECHNIQUE) 

420 419 

SEND FINGERPRINT 

PERFORMANCE IS NOT 
DONE 

441 
RECEIVE DENTIFIER AND 

METADATA 

DETERMINE THAT 

  

  



Patent Application Publication 

IDENTIFICATION MACHINE 

520 

RECEIVE FINGERPRINT 

530 

IDENTIFY PERFORMER 
(E.G., BY DETECTING VENUE) 

540 

ACCESS REFERENCE 
FINGERPRINTS FOR PERFORMER 

550 

IDENTIFY AUDIO PIECE BY 
COMPARING LIVE FINGERPRINT 
TO REFERENCE FINGERPRINTS 

560 
PROVIDEDENTIFIER AND 

METADATA 

Oct. 22, 2015 Sheet S of 10 US 2015/030208.6 A1 

FIG. 5 

THIRD DEVICE 

517 

RECORD LIVE SEGMENT 

518 

GENERATE LIVE FINGERPRINT 
(E.G., USING2NDTECHNIQUE) 

519 

SEND FINGERPRINT 

561 
RECEIVE IDENTIFIER AND 

METADATA 

  



Patent Application Publication Oct. 22, 2015 Sheet 6 of 10 US 2015/030208.6 A1 

610 

310 RECEIVE IDENTIFIER IN USER SUBMISSION 

620 
RECEIVE METADATA FROM FIRST DEVICE 

DETECT GEOLOCATION OF FIRST DEVICE 

QUERYDATABASE FOR IDENTIFIER 

320 650 
TALLY VOTES FOR IDENTIFIER 

328 
660 
ACCESSIDENTIFIER FROMPERFORMER'S DEVICE 

330 

332 

340 

FIG. 6 

  

  

  



Patent Application Publication Oct. 22, 2015 Sheet 7 of 10 US 2015/030208.6 A1 

310 

710 

RECEIVE ADDITIONAL INFORMATION 

320 

328 720 
DETERMINE THAT ADDITIONAL INFORMATION FALS TO 

INDICATE END OF AUDIO PIECE 

722 
330 FAIL TO DETECT SILENCE 

BEYOND 1ST THRESHOLD DURATION 
724 

332 FAIL TO DETECT APPLAUSE 
BEYOND 2ND THRESHOLD DURATION 

726 
340 FAIL TO DETECT BOOING 

BEYOND 3RD THRESHOLD DURATION 

FIG. 7 



Patent Application Publication Oct. 22, 2015 Sheet 8 of 10 US 2015/030208.6 A1 

300 y 

831 
ACCESS GEOLOCATION OF DEVICE 

832 

ACCESSIDENTIFIER OF NETWORKAT VENUE 

520 833 

ACCESS IMAGE OF TICKETSTUB 

834 
530 ACCESS USER PREFERENCE FORVENUE 

835 
ACCESS SOCIAL NETWORK DATA OF USER 

836 
540 ACCESS CALENDAREVENT 

837 

ACCESS PURCHASE RECORD 

550 

560 

FIG. 8 



Patent Application Publication Oct. 22, 2015 Sheet 9 of 10 US 2015/030208.6 A1 

300 y 
910 
GENERATE DATABASE OF REFERENCE FINGERPRINTS 

FOR PERFORMER 

911 
ACCESS VENUE SCHEDULE 

912 
DETERMINE PERFORMER 

BASED ON VENUE SCHEDULE 

520 913 
RETRIEVE FINGERPRINTS OF STUDIO RECORDINGS 

BY ARTIST (E.G., PERFORMER) 
530 914 

RETRIEVE FINGERPRINTS OF LIVE RECORDINGS 
BY ARTIST (E.G., PERFORMER) 

915 
RETRIEVE PREVIOUS PLAYLIST FROM PREVIOUS 

540 PERFORMANCE BY ARTIST (E.G. PERFORMER) 
916 
RETRIEVE FINGERPRINTS OF FREQUENTLY COVERED 

AUDIO PIECES 

550 

560 

FIG. 9 



Patent Application Publication Oct. 22, 2015 Sheet 10 of 10 US 2015/030208.6 A1 

-100 

PROCESSOR 
1002 GRAPHICSDISPLAY 100 
1024. INSTRUCTIONS 

1004 MAIN MEMORY ALPHANUMERIC INPUT - 1012 

1024 INSTRUCTIONS DEVICE 

1008 

1006 - STATIC MEMORY CURSOR CONTROL - 1014 
DEVICE 

NETWORK INTERFACE 
1020 DEVICE STORAGE UNIT 1016 

MACHINE-READABLE L 1022 
MEDIUM 

INPUT COMPONENTS 
1030 

AUDIO AUDIO GENERATION 

DIRECTION 
1018 

DEVICE 

LOCATION 
ORIENTATION 

MOTION 
ALTITUDE 

GAS 

FIG. I.0 

  

    

  

  



US 2015/030208.6 A1 

AUDIO IDENTIFICATION DURING 
PERFORMANCE 

TECHNICAL FIELD 

0001. The subject matter disclosed herein generally 
relates to the processing of data. Specifically, the present 
disclosure addresses systems and methods to facilitate audio 
identification. 

BACKGROUND 

0002. A performer may give a live performance (e.g., a 
concert or other live show) before an audience that includes 
one or more individuals (e.g., audience members, fans, or 
concertgoers). For example, a musical Soloist (e.g., a singer 
Songwriter) may perform at a concert before Such an audi 
ence. As another example, a musical group (e.g., a rock band) 
may perform at a concert before such an audience. As a 
further example, a theater troupe (e.g., including actors, danc 
ers, and a choir) may performatheatrical show before such an 
audience. 
0003. One or more audio pieces (e.g., musical pieces or 
spoken word pieces) may be performed during a live perfor 
mance. For example, one or more songs may be performed, 
and a song may be performed with or without visual accom 
paniment (e.g., a video, a laser show, or a dance routine). In 
Some situations, the performer of an audio piece is an artist 
that recorded the audio piece (e.g., as a studio recording or as 
a live recording). For example, a performer may perform a 
song that was written and recorded by her herself. In other 
situations, the performer of an audio piece is different from 
the artist that recorded the audio piece (e.g., as a studio 
recording or as a live recording). For example, a performer 
may perform a cover of a song that was written and recorded 
by someone else. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0004 Some embodiments are illustrated by way of 
example and not limitation in the figures of the accompanying 
drawings. 
0005 FIG. 1 is a network diagram illustrating a network 
environment Suitable for audio identification, according to 
Some example embodiments. 
0006 FIG. 2 is a block diagram illustrating components of 
an identification machine Suitable for audio identification, 
according to some example embodiments. 
0007 FIGS. 3-9 are flowcharts illustrating operations in a 
method of audio identification, according to some example 
embodiments. 
0008 FIG. 10 is a block diagram illustrating components 
of a machine, according to Some example embodiments, able 
to read instructions from a machine-readable medium and 
perform any one or more of the methodologies discussed 
herein. 

DETAILED DESCRIPTION 

0009 Example methods and systems are directed to audio 
identification. Examples merely typify possible variations. 
Unless explicitly stated otherwise, components and functions 
are optional and may be combined or Subdivided, and opera 
tions may vary in sequence or be combined or Subdivided. In 
the following description, for purposes of explanation, 
numerous specific details are set forth to provide a thorough 
understanding of example embodiments. It will be evident to 
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one skilled in the art, however, that the present subject matter 
may be practiced without these specific details. 
0010. During a live performance (e.g., a live concert) of 
one or more audio pieces (e.g., Songs), one or more audience 
members (e.g., concertgoers) may use a network-based sys 
tem to identify an audio piece during its performance (e.g., 
while the audio piece is being performed). The network 
based system may provide its users (e.g., the audience mem 
bers) with one or more audio identification services. A 
machine may form all or part of the network-based system 
and may be configured (e.g., by Software) to provide Such 
identification services to one or more users (e.g., concert 
goers). 
0011. The machine may be configured to obtain an iden 

tifier (e.g., a song name) of an audio piece during a perfor 
mance of an audio piece (e.g., at a first time, Such as five 
seconds into a Song). The identifier may be obtained in any 
one or more of various ways, including, for example, receiv 
ing the identifier as a user Submission (e.g., from an audience 
member, from a venue manager, or from the performer her 
self), inferring the identifier based on some received metadata 
of the audio piece (e.g., a partial name of the song, an album 
on which the Song appears, or a release year of the Song), 
inferring the identifier based on a detected geolocation of a 
device whose user is at the performance, tallying votes for the 
identifier (e.g., from several audience members), and access 
ing the identifier directly from a device of the performer (e.g., 
a mixer, a drum machine, a media player, a Smartphone, or a 
tablet computer). 
0012. A user's device (e.g., Smartphone or smart watch 
configured by a mobile app) may record a segment of the 
audio piece during its performance, generate a fingerprint of 
the segment, and upload the fingerprint to the machine. The 
machine may receive the fingerprint during the performance 
(e.g., at a second time. Such as 15 seconds into the Song) and 
assign the identifier to the fingerprint. This identifier may be 
provided to the user's device to identify the audio piece. The 
machine may receive additional information (e.g., one or 
more additional fingerprints or classifications of additional 
segments of the audio piece or other audio) from additional 
users’ devices, and the machine may determine from this 
additional information that the audio piece has not ended 
(e.g., by failing to detect silence, applause, booing, or any 
suitable combination thereof). The machine may provide the 
identifier to any one or more of these additional users 
devices. 

0013. According to some example embodiments, another 
user's device (e.g., configured by a mobile app) may record 
another segment of the audio piece during its performance, 
generate another fingerprint of the segment, and Submit this 
fingerprint to the machine as a query for identification of the 
audio piece. While the performance continues, the machine 
may receive this fingerprint during the performance (e.g., at a 
third time. Such as 30 seconds into the Song) and respond 
during the performance by providing the identifier, which 
may be based on its determination that additional information 
(e.g., one or more additional fingerprints or classifications of 
additional segments of the audio piece or other audio) from 
additional user's devices fail to indicate an end of the audio 
piece. 
0014. According to various example embodiments, the 
machine may be configured to identify an audio piece, even 
when a live version (e.g., a live cover version) of the audio 
piece is being performed differently from a reference version 
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(e.g., a studio version or radio version) of the audio piece as 
recorded by an artist (e.g., same or different from the per 
former of the live version). The machine may receive a live 
fingerprint of the segment of the live version (e.g., within a 
query for identification of the audio piece during its perfor 
mance). The fingerprinting technique used here, in contrast to 
traditional fingerprinting techniques that identify the exact 
time and frequency positions of audio events, may instead 
identify one or more core characteristics of the audio piece 
(e.g., the notes and rhythms present) and be robust to differ 
ences between the live version and a reference version of the 
audio piece (e.g., differences in tempo, Vocal timber, Vocal 
strength, vibrato, instrument tuning, ambient noise, rever 
beration, or distortions). For example, the fingerprinting tech 
nique may be based on a chromagram that represents the 
harmonic structure of the live version (e.g., mapped to one 
octave). Such a fingerprinting technique may also be used 
later to identify and retrieve user-uploaded recordings from 
the performance (e.g., for copyright clearance purposes, to 
automatically tag or index Such recordings, or any Suitable 
combination thereof). The machine may identify the per 
former of the live version (e.g., by detecting a venue at which 
the live version is being performed and accessing information 
that correlates the detected venue with the performer). 
0015 The machine may then access a set of reference 
fingerprints that correspond to the artist that recorded the 
audio piece (e.g., based on the identified performer of the live 
version). For example, based on the identified performer 
(e.g., as well as a detected venue, a current date and time, or 
any suitable combination of), the machine may retrieve a list 
of audio pieces (e.g., a playlist, a concert program, or a 
concert brochure) that corresponds to the performer. Using 
the retrieved list, the machine may identify reference versions 
(e.g., official or canonical versions) of the audio pieces (e.g., 
recorded by the artist, who may be the same or different from 
the performer of the live version) and access reference fin 
gerprints of the identified reference versions of the audio 
pieces. The reference fingerprints may have been previously 
generated from segments of the reference versions of the 
audio pieces, and among these reference fingerprints may be 
a reference fingerprint of the reference version of the audio 
piece whose live version is currently being performed. 
0016. Accordingly, the machine may compare the live 
fingerprint of a segment of the live version of an audio piece 
to the set of reference fingerprints of segments from the 
reference versions of the audio piece. In some example 
embodiments, the machine compares the live fingerprint 
exclusively (e.g., only) to the set of reference fingerprints. 
Based on this comparison, the machine may identify a match 
between the live fingerprint and the reference fingerprint and 
thus identify the audio piece while the audio piece is being 
performed. Thus, based on this comparison, the machine may 
provide an identifier of the audio piece in a response to the 
query for identification of the audio piece. The identifier may 
be provided during the performance of the live version of the 
audio piece. 
0017 FIG. 1 is a network diagram illustrating a network 
environment Suitable for audio identification, according to 
some example embodiments. The network environment 100 
includes an identification machine 110, a database 115, and 
devices 120, 130, 140, and 150 respectively being operated by 
users 122, 132, 142, and 152 in an audience, as well as a 
device 160 and a mixer 161 being operated by a performer 
162. The identification machine 110, the database 115, the 
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devices 120, 130, 140,150, 160, and the mixer 161, may all be 
communicatively coupled (e.g., to each other) via a network 
190. The identification machine 110, with or without the 
database 115, may formall or part of a network-based system 
105 (e.g., a cloud-based server system configured to provide 
one or more audio identification services to the devices 120, 
130, 140, and 150, to their respective users 122,132,142, and 
152, or to any suitable combination thereof). The identifica 
tion machine 110, the database 115, the devices 120, 130, 
140, 150, and 160, and the mixer 161 may each be imple 
mented in a computer system, in whole or in part, as described 
below with respect to FIG. 10. 
(0018. Any one or more of the users 122, 132,142, and 152 
in the audience may be a human user (e.g., a human being), a 
machine user (e.g., a computer configured by a Software 
program to interact with the device 120), or any suitable 
combination thereof (e.g., a human assisted by a machine or 
a machine Supervised by a human). The user 122 is not part of 
the network environment 100, but is associated with the 
device 120 and may be a user of the device 120. For example, 
the device 120 may be a desktop computer, a vehicle com 
puter, a tablet computer, a navigational device, a portable 
media device, a Smartphone, or a wearable device (e.g., a 
Smart watch or Smart glasses) belonging to the user 122. 
Similarly, the user 132 is not part of the network environment 
100, but is associated with the device 130 and may be a user 
of the device 130. For example, the device 130 may be a 
desktop computer, a vehicle computer, a tablet computer, a 
navigational device, a portable media device, a smartphone, 
or a wearable device (e.g., a Smart watch or Smart glasses) 
belonging to the user 132. 
0019. Likewise, the user 142 is not part of the network 
environment 100, but is associated with the device 140. As an 
example, the device 140 may be a desktop computer, a vehicle 
computer, a tablet computer, a navigational device, a portable 
media device, a Smartphone, or a wearable device (e.g., a 
Smart watch or Smart glasses) belonging to the user 142. 
Moreover, the user 152 is not part of the network environment 
100, but is associated with the device 150. As an example, the 
device 150 may be a desktop computer, a vehicle computer, a 
tablet computer, a navigational device, a portable media 
device, a Smartphone, or a wearable device (e.g., a Smart 
watch or smart glasses) belonging to the user 152. Further 
more, the performer 162 is not part of the network environ 
ment 100, but is associated with the device 160 and the mixer 
161. As an example, the device 160 may be a desktop com 
puter, a vehicle computer, a tablet computer, a navigational 
device, a portable media device, a Smartphone, or a wearable 
device (e.g., a Smart watch or Smart glasses) belonging to the 
performer 162. 
0020. The mixer 161 may be or include an audio playback 
device, an audio mixing device, an audio processing device, 
or any suitable combination thereof. According to various 
example embodiments, the mixer 161 may drive (e.g., output 
signals that represent audio information to) one or more 
amplifiers, speakers, or other audio output equipment in pro 
ducing Sound for the audience during a performance of an 
audio piece by the performer 162. In some example embodi 
ments, the mixer 161 is a source of one or more segments of 
a reference version of an audio piece (e.g., an audio piece to 
be identified later during performance of the audio piece). In 
certain example embodiments, the mixer 161 may perform 
operations described hereinfor any one or more of the devices 
120, 130, 140, and 150. 
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0021 Any of the machines, databases, or devices shown in 
FIG. 1 may be implemented in a general-purpose computer 
modified (e.g., configured or programmed) by Software (e.g., 
one or more software modules) to be a special-purpose com 
puter to perform one or more of the functions described herein 
for that machine, database, or device. For example, a com 
puter system able to implement any one or more of the meth 
odologies described herein is discussed below with respect to 
FIG. 10. As used herein, a “database' is a data storage 
resource and may store data structured as a text file, a table, a 
spreadsheet, a relational database (e.g., an object-relational 
database), a triple store, a hierarchical data store, or any 
suitable combination thereof. Moreover, any two or more of 
the machines, databases, or devices illustrated in FIG.1 may 
be combined into a single machine, and the functions 
described herein for any single machine, database, or device 
may be subdivided among multiple machines, databases, or 
devices. 

0022. The network 190 may be any network that enables 
communication between or among machines, databases, and 
devices (e.g., the identification machine 110 and the device 
130). Accordingly, the network 190 may be a wired network, 
a wireless network (e.g., a mobile or cellular network), or any 
suitable combination thereof. The network 190 may include 
one or more portions that constitute a private network, a 
public network (e.g., the Internet), or any Suitable combina 
tion thereof. Accordingly, the network 190 may include one 
or more portions that incorporate a local area network (LAN), 
a wide area network (WAN), the Internet, a mobile telephone 
network (e.g., a cellular network), a wired telephone network 
(e.g., a plain old telephone system (POTS) network), a wire 
less data network (e.g., WiFi network or WiMax network), or 
any suitable combination thereof. Any one or more portions 
of the network 190 may communicate information via a trans 
mission medium. As used herein, “transmission medium’ 
refers to any intangible (e.g., transitory) medium that is 
capable of communicating (e.g., transmitting) instructions 
for execution by a machine (e.g., by one or more processors of 
Such a machine), and includes digital or analog communica 
tion signals or other intangible media to facilitate communi 
cation of Such software. 

0023 FIG. 2 is a block diagram illustrating components of 
the identification machine 110, according to Some example 
embodiments. The identification machine 110 is shown as 
including an identifier module 210, a reception module 220, a 
determination module 230, a correlation module 240, the 
query module 250, a result module 260, a performer module 
270, a reference module 280, and a comparison module 290, 
all configured to communicate with each other (e.g., via a bus, 
shared memory, or a Switch). Any one or more of the modules 
described herein may be implemented using hardware (e.g., 
one or more processors of a machine) or a combination of 
hardware and software. For example, any module described 
herein may configure a processor (e.g., among one or more 
processors of a machine) to perform the operations described 
herein for that module. Moreover, any two or more of these 
modules may be combined into a single module, and the 
functions described herein for a single module may be sub 
divided among multiple modules. Furthermore, according to 
various example embodiments, modules described herein as 
being implemented within a single machine, database, or 
device may be distributed across multiple machines, data 
bases, or devices. 
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0024 FIGS. 3-9 are flowcharts illustrating operations in a 
method 300 of audio identification (e.g., of an audio piece 
during a live performance of the audio piece), according to 
some example embodiments. FIG.3 illustrates some interac 
tions between the identification machine 110 and the device 
120 (e.g., a first device) during a performance of the audio 
piece by the performer 162. These illustrated interactions 
may form a portion of the method 300, according to various 
example embodiments, or may form a separate method in its 
entirety, according to alternative example embodiments. 
0025 Operation 310 may be performed at or near the 
beginning of the performance (e.g., at a first time, such as five 
or ten seconds into the performance) of the audio piece. In 
operation 310, the identifier module 210 of the identification 
machine 110 obtains an identifier of the audio piece. The 
identifier may be a title of the audio piece (e.g., a song name). 
As discussed below with respect to FIG. 6, the identifier may 
be obtained in any of several ways. 
(0026. In operation 317, the device 120 (e.g., the first 
device) records a live segment of the audio piece being per 
formed. For example, the live segment may be recorded by a 
microphone built into the device 120. According to various 
example embodiments, operation 370 may be performed at 
any point during the performance of the audio piece. 
0027. In operation 318, the device 120 generates a live 
fingerprint of the live segment recorded in operation 317. For 
example, the device 120 may apply one or more audio finger 
printing techniques (e.g., algorithms) to generate the live 
fingerprint. In some example embodiments, the audio finger 
printing technique (e.g., a first technique) used by the device 
120 in operation 318 is designated or selected (e.g., by the 
identification machine 110) as a default technique and may be 
designated or selected based on the presence or absence of 
processing power, available memory, or both, in the device 
120. 

0028. In operation 319, the device 120 communicates 
(e.g., sends) the generated live fingerprint to the identification 
machine 110 (e.g., via the network 190). In corresponding 
operation320, the reception module 220 of the identification 
machine 110 accesses (e.g., receives) the generated live fin 
gerprint communicated by the device 120 (e.g., at a second 
time. Such as 15 or 20 seconds into the performance). 
0029. According to certain example embodiments, opera 
tions 317-319 are performed by the device 160 of the per 
former 162, or by the mixer 161. Thus, in operation 320, the 
reception module 220 of the identification machine 110 may 
access the generated live fingerprint as communicated by the 
device 160, or by the mixer 161 (e.g., at the second time). In 
Some cases, the audio piece includes multiple audio channels 
(e.g., 64 separate audio channels being input into the mixer 
161, including a monophonic audio channel for a lead guitar, 
a monophonic audio channel for a bass guitar, left and right 
Stereo audio channels for a synthesizer keyboard, and eight 
monophonic microphone channels for a drum kit). According 
to various example embodiments, the entire mix of these 
multiple channels is used for generating the live fingerprint in 
operation318. In some example embodiments, the generating 
of the live fingerprint in operation 318 may be based on less 
than all of these multiple audio channels (e.g., generated from 
a subset of the multiple audio channels). For example, the live 
fingerprint may be generated exclusively from a monophonic 
audio channel for lead guitar. 
0030. Some example embodiments of the method 300 
include operation 328. In operation 328, the determination 
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module 230 of the identification machine 110 determines that 
the performance has not yet been completed (e.g., has not 
finished or is not yet done). As discussed below with respect 
to FIG. 7, this determination may be made by determining 
that one or more live fingerprints of segments of the audio 
piece being performed fail to indicate an end of the audio 
piece, an end of the performance of the audio piece, or both. 
Since the performance is not completed, the determination 
module 230 may determine that the respective times at which 
the identifier of the audio piece and the live fingerprint were 
accessed (e.g., the first time and the second time) occurred 
during the performance of the audio piece. 
0031. In operation 330, the correlation module 240 of the 
identification machine 110 assigns the identifier obtained in 
operation 310 to the live fingerprint received in operation320. 
This may be based on the determination in operation 328 that 
the performance is not over. Accordingly, the correlation 
module 240 may assign the identifier to the live fingerprint 
based on an inference that the performance of the audio piece 
is still ongoing (e.g., continuing). 
0032. In operation332, the query module 250 of the iden 
tification machine 110 accesses metadata of the audio piece 
(e.g., from the database 115). For example, the query module 
250 may generate a query based on (e.g., inclusive of) the 
identifier assigned to the live fingerprint in operation 330. In 
Some example embodiments, the query is generated based on 
the determination in operation 328 the performance is not 
finished. The query module 250 may submit the generated 
query to the database 115, and in response, the database 115 
may provide the query module 250 with the metadata of the 
audio piece or access thereto. 
0033. In operation 340, the result module 260 of the iden 
tification machine 110 provides the identifier and some or all 
of the metadata to the device 120 (e.g., via the network 190), 
during the performance of the audio piece. For example, the 
result module 260 may communicate all or part of the iden 
tifier obtained in operation 310 and all or part of the metadata 
accessed in operation 332 to the device 120 (e.g., for presen 
tation thereon, in whole or in part, to the user 122). In corre 
sponding operation 341, the device 120 accesses (e.g., 
receives) the information that was communicated (e.g., via 
the network 190) from the result module 260 in operation 
340. 

0034 FIG. 4 illustrates some interactions between identi 
fication machine 110 and the device 130 (e.g., a second 
device) during the same performance of the audio piece by the 
performer 162. These illustrated interactions may form a 
portion of the method 300, according to various example 
embodiments, or may form a separate method in its entirety, 
according to alternative example embodiments. 
0035. In operation 417, the device 130 (e.g., the second 
device) records a live segment of the audio piece being per 
formed. For example, the live segment may be recorded by a 
microphone built into the device 130. 
0036. In operation 418, the device 130 generates a live 
fingerprint of the live segment recorded in operation 417. For 
example, the device 130 may apply one or more audio finger 
printing techniques to generate the live fingerprint. In some 
example embodiments, the audio fingerprinting technique 
(e.g., a first technique) to be used by the device 130 in opera 
tion 418 has been designated or selected (e.g., by the identi 
fication machine 110) as a default technique and may be so 
designated or selected based on the presence or absence of 
processing power, available memory, or both, in the device 
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130. However, in alternative example embodiments, the 
audio fingerprinting technique (e.g., a second technique) to be 
used by the device 140 in operation 518 is a different (e.g., 
non-default) technique and may be so designated or selected 
based on the presence or absence of processing power, avail 
able memory, or both, in the device 140. 
0037. In some cases, the audio piece includes multiple 
audio channels (e.g., 64 separate audio channels, including a 
monophonic audio channel for a lead guitar, a monophonic 
audio channel for a bass guitar, left and right stereo audio 
channels for a synthesizer keyboard, and eight monophonic 
microphone channels for a drum kit). In some example 
embodiments, the generating of the live fingerprint in opera 
tion 418 may be based on less than all of these multiple audio 
channels (e.g., generated from a Subset of the multiple audio 
channels). For example, the live fingerprint may be generated 
exclusively from a monophonic audio channel for lead guitar. 
As another example, the live fingerprint may be generated 
exclusively from a monophonic Vocal track (e.g., using Vocal 
melody and lyrics for generating the live fingerprint). Accord 
ing to various example embodiments, the live fingerprint is 
generated from one or more audio channels that are dominant 
throughout the audio piece, which may facilitate reliable and 
consistent identification of the audio piece. 
0038. In operation 419, the device 130 communicates the 
generated live fingerprint to the identification machine 110 
(e.g., via the network 190). The live fingerprint may be com 
municated in a query for identification of the audio piece, and 
such a query may be submitted from the device 130 to the 
network-based system 105 during the performance of the 
audio piece. In corresponding operation 420, the reception 
module 220 of the identification machine 110 accesses the 
generated live fingerprint communicated by the device 130 
(e.g., at a third time, such as 30 or 35 seconds into the perfor 
mance). 
0039. In operation 428, the determination module 230 of 
the identification machine 110 determines that the perfor 
mance is not done (e.g., not yet ended, completed, finished, or 
over). As discussed in greater detail below with respect to 
FIG. 7, this determination may be made by determining that 
one or more live fingerprints of segments of the audio piece 
being performed fail to indicate an end of the audio piece, an 
end of the performance of the audio piece, or both. 
0040. In operation 440, the result module 260 of the iden 
tification machine 110 provides the identifier (e.g., assigned 
in operation330) and some orall of the metadata to the device 
130 (e.g., via the network 190). For example, the result mod 
ule 260 may communicate all or part of the identifier obtained 
in operation 310 and all or part of the metadata accessed in 
operation 332 to the device 130 (e.g., for presentation 
thereon, in whole or in part, to the user 132). In corresponding 
operation 441, the device 130 accesses the information that 
was communicated from the result module 260 in operation 
340. This may have the effect of providing the identifier of the 
audio piece in a response to the query for identification of the 
audio piece, during the performance of the audio piece. 
According to various example embodiments, the identifier 
may be accompanied by additional information (e.g., meta 
data of the audio piece). Such additional information may 
include lyrics, album art, original release year, original com 
poser, other performers of the audio piece, or other metadata 
of the audio piece, as well as an offer to sell a recording (e.g., 
original or non-original) of the audio piece. 
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0041. In some example embodiments, the identifier may 
be accompanied by an authorization, Such as an authorization 
to access backstage passes or a merchandise offer (e.g., for 
free or discounted merchandise related to the audio piece, to 
the performer, or to both). In various example embodiments, 
the authorization enables Software (e.g., an application, an 
applet, or a mobile app) executing on the device 130 to access 
special content that may be presented on the device 130 (e.g., 
on a screen of the device 130). Examples of such special 
content include screen lighting or imagery (e.g., a slideshow 
or background image), a game (e.g., a single-player or mul 
tiplayer quiz or treasure hunt), or any suitable combination 
thereof. For example, a game may challenge the user 132 to 
win a prize (e.g., an album on compact disc (CD) or as a music 
download, exclusive video footage, a t-shirt, or other mer 
chandise item) by correctly identifying multiple audio pieces 
performed by the performer 162 or by being the first to cor 
rectly identify all songs released on a specific album. 
0.042 FIG. 5 illustrates some interactions between the 
identification machine 110 and the device 140 (e.g., a third 
device) during a live performance of an audio piece by the 
performer 162. In some example embodiments, the live per 
formance is the same performance discussed above with 
respect to FIGS. 3-4. In certain example embodiments, the 
performer 162 is performing a live version (e.g., a live cover 
version) of an audio piece differently from a reference version 
(e.g., a studio version or radio version) of the audio piece as 
recorded by an artist who may be the same or different from 
the performer 162 of the live version. These illustrated inter 
actions may form a portion of the method 300, according to 
various example embodiments, or may form a separate 
method in its entirety, according to alternative example 
embodiments. For example, in Some example embodiments, 
the identification machine 110 performs only operations 520, 
530, 540, 550, and 560 (e.g., in response to performance of 
operations 517. 518, and 519 by the device 140), without 
performing any operations described above with respect to 
FIGS. 3 and 4. 

0043. In operation 517, the device 140 (e.g., the third 
device) records a live segment of the audio piece being per 
formed. For example, the live segment may be recorded by a 
microphone built into the device 140. In particular, the device 
140 may record a live segment of a live version (e.g., a live 
cover version) of the audio piece, as the live version of the 
audio piece is being performed. As another example, the live 
segment may be received (e.g., as a digital feed, a network 
stream, a broadcast signal, or any suitable combination 
thereof) by the device 140 via the network 190 (e.g., from the 
identification machine 110, the device 160, or the mixer 161). 
0044. In operation 518, the device 140 generates a live 
fingerprint of the live segment recorded in operation 517. For 
example, the device 140 may apply one or more audio finger 
printing techniques to generate the live fingerprint. In some 
example embodiments, the audio fingerprinting technique 
(e.g., a first technique) to be used by the device 140 in opera 
tion 518 is designated or selected (e.g., by the identification 
machine 110) as a default technique and may be so designated 
or selected based on the presence or absence of processing 
power, available memory, or both, in the device 140. How 
ever, in alternative example embodiments, the audio finger 
printing technique (e.g., a second technique) to be used by the 
device 140 in operation 518 is a different (e.g., non-default) 
technique and may be so designated or selected based on the 
presence or absence of processing power, available memory, 
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or both, in the device 140. In some example embodiments, the 
audio fingerprinting technique (e.g., the second technique) is 
particularly suitable for live version identification and may 
implement one or more image processing techniques to 
derive fingerprints that are robust to both audio degradations 
and audio variations, while still being compact enough for 
efficient matching. Further details on Such an audio finger 
printing technique are provided below. 
0045. In operation 519, the device 140 communicates the 
generated live fingerprint to the identification machine 110 
(e.g., via the network 190). The live fingerprint may be com 
municated in a query for identification of the audio piece, and 
such a query may be submitted from the device 140 to the 
network-based system 105 during the performance of the 
audio piece (e.g., the live version of the audio piece). In 
corresponding operation520, the reception module 220 of the 
identification machine 110 accesses the generated live finger 
print communicated by the device 140 (e.g., at any point in 
time during the performance of the audio piece. Such as 5, 10. 
15, 20, 30, 40, or 45 seconds into the performance). 
0046. In operation 530, the performer module 270 of the 
identification machine 110 identifies the performer of the live 
version of the audio piece. For example, the performer mod 
ule 270 may detect the venue of the live performance (e.g., the 
place or location where the live performance is occurring)and 
identify the performer based on the detected venue (e.g., by 
accessing information, which may be stored in the database 
115, that correlates the performer with the venue). For 
example, the detected venue may be a concert hall, an audi 
torium, a hotel, a conference room, a resort, a School, a 
theater, an amphitheater, a fairground, a sports arena, a sta 
dium, a private residence, or any Suitable combination 
thereof. As discussed below with respect to FIG. 8, the detec 
tion of the venue may be based on a geolocation (e.g., Global 
Positioning System (GPS) coordinates) of the device 140, an 
identifier (e.g., Internet protocol (IP) address) of a network 
(e.g., network 190) at the venue (e.g., a local wireless network 
at the venue), an image (e.g., photo) of a ticket stub for an 
event that includes the live performance (e.g., generated by 
the device 140 and accessed by the performer module 270), a 
user preference for the venue (e.g., stored in a user profile of 
the user 142), social network data that references the venue 
(e.g., publicly or privately published in a microblog entry by 
the user 142), a calendar event of the user 142, a purchase 
record of the user 142 (e.g., for tickets to an event that 
includes live performance), or any Suitable combination 
thereof. In further example embodiments, the venue may be 
detected by detecting that the device 140 is executing a spe 
cial application that corresponds to the venue, is accessing a 
specific uniform resource locator (URL) that corresponds the 
venue, or any Suitable combination thereof. 
0047. In operation 540, the reference module 280 of the 
identification machine 110 accesses a set of one or more 
reference fingerprints based on the performer identified in 
operation 530. Furthermore, the accessing of the reference 
fingerprints may be also based on the detected venue at which 
the live version is being performed, a current date, current 
time, or any suitable combination thereof. As noted above, the 
reference module 280 may retrieve a list of audio pieces (e.g., 
playlist, concert program, a concert brochure, or concert 
poster) for the performer (e.g., based on the detected venue 
and at the current date and current time). Based on this 
retrieved list, the reference module 280 may identify refer 
ence versions (e.g., official or canonical versions) of the audio 
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pieces that correspond to the performer (e.g., and correspond 
ing to the detected venue, the current date, the current time, or 
any suitable combination thereof). The database 115 may 
store these reference fingerprints, which may have been pre 
viously generated from segments of the reference versions of 
the audio pieces. Among these reference fingerprints may be 
a reference fingerprint (e.g., a particular reference finger 
print) of a reference version of the audio piece of which a live 
version is currently being performed. The set of reference 
fingerprints may be accessed from the database 115, which 
may correlate (e.g., assign, map, or link) the reference finger 
print (e.g., the particular reference fingerprint) of the refer 
ence version with the identifier of the audio piece (e.g., as 
assigned in operation 330). According to various example 
embodiments, operation 540 may be performed at any point 
prior to operation 550 (e.g., before the performance of the 
audio piece). In example embodiments, in which operation 
540 is performed prior to the beginning of the performance, 
the accessing of the reference fingerprints may be based on a 
scheduled date and time for the performance itself. 
0048. In operation 550, the comparison module 290 of the 
identification machine 110 identifies the audio piece being 
performed by comparing the live fingerprint (e.g., accessed in 
operation 520) to the set of reference fingerprints (e.g., 
accessed in operation 540). In other words, the comparison 
module 290 may compare the live fingerprint of a segment of 
the live version to the reference fingerprints of segments of 
the reference versions. In some example embodiments, the 
comparison module 290 compares the live fingerprint exclu 
sively (e.g., only) to the set of reference fingerprints or a 
subset thereof. This may have the effect of reducing compu 
tational complexity, increasing computational speed, increas 
ing accuracy, or any suitable combination thereof. Based on 
this comparison, the comparison module 290 may identify a 
match between the live fingerprint and the reference finger 
print (e.g., the particular reference fingerprint) of the refer 
ence version of the audio piece of which the live version is 
currently being performed. Based on this identifying of the 
match, the comparison module 290 may identify the audio 
piece while its live version is being performed. In some 
example embodiments, the identified match between the live 
fingerprint and the reference fingerprint may be an imperfect 
match (e.g., a fuzzy match or a near match). 
0049 According to various example embodiments, opera 
tion 550 includes performing an analysis of musically mean 
ingful and unique features audio piece, and then performing a 
loose comparison that allows for differences in the playing 
and interpretation of the audio piece (e.g., different instru 
mentation, tempo, or intonation). In some example embodi 
ments, operation 550 includes determines harmonic and 
rhythmic elements from the live fingerprint and the set of 
reference fingerprints and compares these elements to find a 
most likely candidate match among the set of reference fin 
gerprints. Such an analysis and comparison may be per 
formed within a predetermined period of time (e.g., a 10 
second window). In some situations, the analysis and com 
parison are performed in short segments (e.g., 3 second seg 
ments). The analysis and comparison may be performed until 
a single match (e.g., best candidate) is found, or until the 
analysis and comparison converge to obtain a stabilized list of 
a few candidate matches. For example, multiple candidate 
matches maybe identified in situations where the set of ref 
erence fingerprints includes reference fingerprints from mul 
tiple different recordings of the audio piece (e.g., studio 
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recordings, live recordings, and variations. Such as acoustic 
versions or extended remixes). 
0050. In operation 560, the result module 260 of the iden 
tification machine 110 provides the identifier (e.g., as 
assigned in operation 330) of the identified audio piece to the 
device 140 (e.g., by the network 190). The identifier may be 
provided with some or all of the metadata for the audio piece. 
For example, the result module 260 may communicate all or 
part of the identifier obtained in operation 310 and all or part 
of the metadata accessed in operation 332 to the device 140 
(e.g., for presentation thereon, in whole or in part, to the user 
142). In corresponding operation 561, the device 140 
accesses the information that was communicated from the 
result module 260 in operation 560. This may have the effect 
of providing the identifier of the audio piece in a response to 
the query for identification of the audio piece, during the 
performance of the live version of the audio piece. In example 
embodiments where the identified match between the live 
fingerprint and the reference fingerprint is an imperfect match 
(e.g., fuZZy match), the identifier may be provided as a can 
didate identifier (e.g., a proposed identifier) among multiple 
candidate identifiers (e.g., for confirmation by the user 142 
via the device 140). For example, a candidate identifier may 
be provided as part of a game (e.g., a trivia quiz) in which 
multiple users (e.g., users 132, 142, and 152) attempt to 
identify the audio piece by selecting the correct candidate 
identifier from among multiple candidate identifiers pre 
sented. 

0051. As mentioned above, the audio fingerprinting tech 
nique used (e.g., by the device 140) for identifying the live 
version of the audio piece may be particularly well-suited for 
generating fingerprints that are robust to both audio degrada 
tions and audio variations, while still being compact enough 
for efficient matching. Such a fingerprint may be derived from 
a segment of an audio piece (e.g., a live segment or a reference 
segment) by first using a log-frequency spectrogram to cap 
ture the melodic similarity and handle key variations, and 
then using adaptive thresholding to reduce the feature size 
and handle noise degradations and local variations. 
0.052 First, the segment to be transformed into a time 
frequency representation, Such as a log-frequency spectro 
gram based on the Constant QTransform (CQT). The CQT is 
a transform with a logarithmic frequency resolution, similar 
to the human auditory system and consistent with the notes of 
the Western music scale. Accordingly, the CQT may be well 
suited for music analysis. The CQT may handle key varia 
tions relatively easily, since pitch deviations correspond to 
frequency translations in the transform. According to certain 
example embodiments, the CQT is computed by using a fast 
algorithm based on the Fast Fourier Transform (FFT) in con 
junction with the use of a kernel. Thus, a COT-based spectro 
gram may be derived by using a time resolution of around 
0.13 seconds per time frame and the frequency resolution up 
one quarter note per frequency channel, with a frequency 
range spanning from C3 (130.81 Hz) to C8 (4186.01 Hz). 
resulting in 120 frequency channels. 
0053 Next, the CQT-based spectrogram may be trans 
formed into a binary image. According to various example 
embodiments, this is performed using adaptive thresholding 
method based on two-dimensional median filtering. Thresh 
olding is a technique for image segmentation that uses a 
threshold value to turn a grayscale image into a binary image. 
In adaptive thresholding, the threshold value for each pixel of 
an image may be adapted based on local statistics of the 
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pixels neighborhood. For each time-frequency bin in the 
CQT-based spectrogram, given a window size, the median of 
the neighborhood may be computed. As an example, the 
window size may be 35 frequency channels by 15 time 
frames. Then, the value of the bin may be compared with the 
value of its median. If the value of the bin is higher than its 
median, the value of the bin may be assigned to 1. If other 
wise, the value of the bin may be assigned to 0. This process 
may be restated as the following equation: 

W (i, j), M (i, j) = median X(I,J) 
i-Aislsi+A 

i-Asds.j+Ai 

1 if X (i, j) > M (i, j) 
O otherwise 

0054 Accordingly, the CQT-based spectrogram may be 
clustered into foreground (e.g., with assigned values of one) 
where the energy is locally high, or background (e.g., with 
assigned values of Zero) with the energy is locally low. The 
result may therefore be used as a compact fingerprint (e.g., a 
CQT-based fingerprint) that can handle noise degradations 
while still allowing local variations. 
0055 Such compact (e.g., COT-based) fingerprints may 
be used to perform comparisons and matching between a 
query fingerprint and one or more reference fingerprints. As 
an example, template matching may be performed (e.g., by 
the comparison module 290 during operation 550) between 
query and reference fingerprints by first using Hamming 
similarity to compare all pairs of time frames at different pitch 
shifts and handle key variations, and then using the Hough 
Transform to find the best alignment and handle tempo varia 
tions. 
0056 First, a similarity matrix may be computed between 
a query fingerprint and a reference fingerprint. As noted 
above, Hamming similarity may be calculated between all 
pairs of time frames in the query fingerprint and the reference 
fingerprints. The Hamming similarity is the percentage of 
pins that matches between two arrays (e.g., arrays of ones and 
Zeroes). In some example embodiments, the query and refer 
ence fingerprints are converted according to the function f(x) 
=2x-1. Then, the matrix product of the query and reference 
fingerprints may be computed. This matrix product may then 
be converted according to the function f'(x)=(x+1)/2, and 
each value may be normalized by the number of frequency 
channels in one fingerprint. Each bin in the resulting matrix 
then measures the Hamming similarity between any two pairs 
of time frames in the query and reference fingerprints. The 
similarity matrix for different pitch shifts in the query may 
also be computed. In some cases, a number of t10 pitch shifts 
may be used (e.g., assuming a maximum key variation of its 
semitones between a live performance and its studio version). 
This may have the effect of measuring the similarity of both 
the foregrounds and the backgrounds between the query and 
reference fingerprints, which may be beneficial in identifying 
an audio piece. 
0057 Next, the best alignment between the query finger 
print and the reference fingerprint may be identified. For 
example, the best alignment may correspond to a line that is 
at or near an angle of 45° in the similarity matrix and that 
intersects the bins with the largest calculated Hamming simi 
larity. Such a line may be parametrically represented as p=X 
cos 0+y sin 0. As noted above, the Hough Transform may be 
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used to determine the best alignment. The Hough Transform 
is a technique for detecting shapes (e.g., lines) in an image by 
building a parameter space matrix and identifying the param 
eter candidates that give the largest values. In some example 
embodiments, the similarity matrix computed above may be 
binarized based on a threshold value. The Hough Transform 
may then be computed, and the (p,0) candidate that gives the 
largest normalized value in the space parameter matrix may 
be identified (e.g., as the highest overall Hamming similar 
ity). As examples, the threshold value may be 0.6; a range for 
p may be equal to the number of time frames in the reference 
fingerprints; and a range for 6 may be around -45°-5°, which 
may correspond to a number of it 10 time shifts (e.g., assum 
ing a maximum tempo variation of +20% between a live 
performance and its studio version). This may have the effect 
of identifying a short and noisy excerpt (e.g., recorded from a 
Smartphone at a live performance) by comparing the excerpt 
to a database of studio recordings from a known performer or 
known artist. According to certain example embodiments, no 
hash functions are used in the above fingerprinting and 
matching techniques. This may have the effect of obtaining 
greater accuracy. In situations with relatively short queries 
(e.g., segments of audio less than 10 seconds in duration) and 
relatively small databases (e.g., 50-100 songs per artist or 
performer), the lack of hash functions may provide Such 
increased accuracy without sacrificing system performance. 
0058 As shown in FIG. 6, the method 300 or portions 
thereof may include one or more of operations 610, 620, 630, 
640, 650, and 660. One or more of operations 610, 620, 630, 
640, 650, and 660 may be performed as part (e.g., a precursor 
task, a subroutine, or a portion) of operation 310, in which the 
identifier module 210 obtains the identifier of the audio piece. 
In operation 610, according to Some example embodiments, 
the identifier module 210 receives the identifier in a user 
submission from the user 122 via the device 120 (e.g., the first 
device). For example, the user 122 may be a manager, pro 
moter, moderator, or other authoritative person for the event 
in which the live performance occurs, and the user 122 may 
submit the identifier to the network-based system 105 (e.g., so 
that other users 132, 142, and 152 may be able to receive the 
identifier on their respective devices 130, 140, and 150). In 
some example embodiments, the identifier is received from 
the device 160 of the performer 162, the mixer 161, or any 
suitable combination thereof. 

0059. In operation 620, according to certain example 
embodiments, the identifier module 210 receives some meta 
data of the audio piece (e.g., without the identifier of the audio 
piece) from the device 120 (e.g., the first device, as a user 
Submission). Such metadata may include one or more 
descriptors of the audio piece (e.g., an artist name, an album 
name, a release year, or a genre). For example, the user 122 
may be an audience member that does not know the identifier 
of the audio piece, but knows at least Some metadata of the 
audio piece (e.g., the artist name, the album name, the release 
year, the genre, or even a portion of the identifier of the audio 
piece). In Such a situation, the user 122 may submit what he 
knows to the network-based system 105. This operation may 
be repeated for additional users (e.g., user 152) to obtain 
additional metadata of the audio piece. The metadata received 
in operation 620 (e.g., from one or more users 122 and 152) 
may be a basis (e.g., a Sufficient basis) for the identifier 
module 210 to obtain the identifier of the audio piece (e.g., 
from the database 115, which may correlate the metadata with 
the identifier of the audio piece). In some example embodi 
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ments, the metadata is received from the device 160 of the 
performer 162, the mixer 161, or any suitable combination 
thereof. 

0060. In operation 630, the identifier module 210 detects a 
geolocation of the device 120 (e.g., the first device). This may 
be performed based on an indication that the user 122 has 
made the device 120 available for location-based services 
(e.g., stored by the database 115 in a user profile for the user 
122). The detected geolocation may be a basis (e.g., a suffi 
cient basis) for the identifier module 210 to obtain the iden 
tifier of the audio piece (e.g., from the database 115, which 
may correlate the location of the venue at which the audio 
piece is being performed with the identifier of the audio 
piece). 
0061. In operation 640, the identifier module 210 queries 
the database 115 for the identifier of the audio piece. This 
query may be made based on the metadata of the audio piece 
received in operation 620 (e.g., one or more descriptors of the 
audio piece), the geolocation of the device 120 (e.g., the first 
device) detected in operation 630, or any suitable combina 
tion thereof. 
0062. In operation 650, the identifier module 210 may 
have performed multiple instances of operation 610 and 
received multiple submissions that attempt to submit the 
identifier of the audio piece (e.g., Submissions that include 
both correct and incorrect identifiers). In situations where the 
multiple Submissions are not unanimous, the identifier mod 
ule 210 performs operation 650 by tallying votes for the 
identifier of the audio piece. For example, the identifier mod 
ule 210 may count the quantity of submissions received for 
each distinct identifier. In some example embodiments, the 
identifier with the most votes is selected by the identifier 
module 210 as the identifier of the audio piece in operation 
310. In alternative example embodiments, an identifier with 
less than the largest number of votes is selected based on 
results from one or more of operations 620, 630, and 640. In 
some example embodiments, one or more of the devices 120, 
130, 140, and 150 may execute software that implements a 
game (e.g., a multiplayer quiz or trivia game) that Solicits the 
multiple submissions that attempt to submit the identifier of 
the audio piece. For example, a game may challenge the users 
122, 132, 142, and 152 to win a prize (e.g., an album on CD) 
by correctly identifying multiple audio pieces performed by 
the performer 162 or by being the first to correctly identify all 
Songs released on a specific album. 
0063. In operation 660, the identifier module 210 accesses 
the identifier of the audio piece (e.g., directly or indirectly) 
from the device 160 of the performer 162, the mixer 161, or 
any suitable combination thereof. For example, in a nightclub 
environment, the device 160 may be a computer operated by 
a disc jockey (DJ) and configured to play the audio piece (e.g., 
execute the performance of the audio piece). As another 
example, the mixer 161 may be or include a computer that 
executes audio mixing software (e.g., programmed with a list 
of song names and start times). The identifier module 210 
may thus obtain (e.g., read) the identifier of the audio piece 
based on a playlist, current date, current time, or any Suitable 
combination thereof. In some example embodiments, the 
identifier module 220 receives the identifier in response to an 
event within audio renderer that is executing on the device 
160, the mixer 161, or both. Examples of such an event 
include a play event, a stop event, a pause event, a scratch 
event, a playback position timer event, or any Suitable com 
bination thereof. 
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0064. As shown in FIG. 7, the method 300 or portions 
thereof may include one or more of operations 710, 720,722. 
724, and 726. In particular, example embodiments of the 
method 300 that include one or more of operations 328 and 
428 may include operations 710 and 720. As noted above, 
operations 328 and 428 involve the determination module 
230 of the identification machine 110 determining that the 
performance of the audio piece is not done. This determina 
tion may be made by determining that one or more live 
fingerprints of segments of the audio piece being performed 
fail to indicate an end of the audio piece, an end of the 
performance of the audio piece, or both. 
0065. In operation 710, the reception module 220 of the 
identification machine 110 accesses (e.g., receives) one or 
more live fingerprints of segments of the audio piece. These 
live fingerprints may be received from one or more devices 
(e.g., devices 120, 130, 140, and 150), and these received live 
fingerprints may be used by the determination module 230 in 
performing operation 328, operation 420, or both. Accord 
ingly, operation 710 may be performed any number of times 
between operations 310 and 320 and any number of times 
between operations 310 and 420. 
0.066 Operation 720 may be performed as part of opera 
tion 328, in which the determination module 230 determines 
that the performance of the audio piece is not done. In some 
example embodiments, operation 720 may be performed as 
part of operation 428, which is similar to operation 328. In 
operation 720, the determination module 230 determines that 
the live fingerprints received in operation 710 fail to indicate 
an end of the audio piece (e.g., that the fingerprints fail to 
indicate that the performance of the audio piece has ended). 
One or more of operations 722, 724, and 726 may be per 
formed as part of operation 720. 
0067. In operation 722, the determination module 230 
fails to detect silence beyond a threshold period of time (e.g., 
first threshold duration corresponding to a period of silence 
indicative of an end of a performance). Thus, the determina 
tion in operation 720 that the performance is not over may be 
based on an absence of silence that lasts longer than this 
threshold period of time. 
0068. In operation 724, the determination module 230 
fails to detect applause beyond a threshold period of time 
(e.g., a second threshold duration corresponding to a period of 
clapping orcheering indicative of an end of the performance). 
Thus, the determination in operation 720 that the perfor 
mance is not over may be based on an absence of applause that 
lasts longer than this threshold period of time. 
0069. In operation 726, the determination module 230 
fails to detect booing beyond a threshold period of time (e.g., 
a third threshold duration corresponding to a period of groan 
ing orjeering indicative of an end of the performance). Thus, 
the determination in operation 720 that the performance is not 
over may be based on an absence of booing that lasts longer 
than this threshold period of time. 
(0070. As shown in FIG. 8, the method 300 or portions 
thereof may include one or more of operations 831, 832, 833, 
834, 835,836, and 837. One or more of operations 831-837 
may be performed as part of operation 530, in which the 
performer module 270 of the identification machine 110 may 
identify the performer by detecting the venue of the perfor 
mance of the audio piece (e.g., a live performance of a live 
version of the audio piece). 
(0071. In operation 831, the performer module 270 
accesses a geolocation (e.g., GPS coordinate) of the device 
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140 (e.g., the third device) from which the live fingerprint was 
received in operation 520. In some example embodiments, 
the geolocation is received with the live fingerprint in opera 
tion 520. 
0072. In operation 832, the performer module 270 
accesses an identifier of a network at the venue (e.g., an IP 
address or a domain name of the network 190) from the device 
140 (e.g., the third device) from which the live fingerprint was 
received in operation 520. Such a network may be or include 
a local wireless network at the venue. For example, the iden 
tifier may identify the network 190 to which the device 140 is 
communicatively coupled. In some example embodiments, 
the identifier of the network 190 is received with the live 
fingerprint in operation 520. 
0073. In operation 833, the performer module 270 
accesses an image (e.g., a photo) of a ticket stub for an event 
that includes the live performance of the audio piece. For 
example, such an image may be generated (e.g., captured or 
taken) by a built-in camera within the device 140 (e.g., the 
third device) from which the live fingerprint was received in 
operation 520. In some example embodiments, the image of 
the ticket stub is received with the live fingerprint in operation 
S2O. 
0074. In operation 834, the performer module 270 
accesses a user preference for the venue (e.g., stored in a user 
profile of the user 142 within the database 115). For example, 
the database 115 may store a user profile that indicates the 
venue is the closest of multiple available venues to a residence 
of the user 142, who is associated with (e.g., corresponds to) 
the device 140 (e.g., the third device) from which the live 
fingerprint was received in operation 520. In some example 
embodiments, the user preference for the venue is received 
with the live fingerprint in operation 520. 
0075. In operation 835, the performer module 270 
accesses Social network data of the user 142 (e.g., stored 
within the database 115 or accessible via the network 190 
from a third-party social network server). For example, the 
database 115 may store social network data descriptive of the 
user 142 (e.g., status updates, microblog posts, images, com 
ments, likes, favorites, or other public, private, or semiprivate 
publications to friends of the user 142), and some or all of the 
social network data may reference the venue or otherwise 
indicate that the user 142 is located at the venue where the live 
performance is taking place at the current date and current 
time. Since the user 142 is associated with (e.g., corresponds 
to) the device 140 (e.g., the third device) from which the live 
fingerprint was received in operation 520, the performer mod 
ule 270 may detect the venue of the live performance based on 
the social network data of the user 142. In some example 
embodiments, the social network data is received with the live 
fingerprint in operation 520. 
0076. In operation 836, the performer module 270 
accesses a calendar event of the user 142 (e.g., stored within 
the database 115 or accessible via the network 190 from a 
third-party calendar server). For example, the database 115 
may store calendar data for the user 142 (e.g., meetings, 
appointments, or other scheduled events), and the accessed 
calendar event may indicate that the user 142 is located at the 
venue where the live performance is taking place at the cur 
rent date and current time. Since the user 142 is associated 
with (e.g., corresponds to) the device 140 (e.g., the third 
device) from which the live fingerprint was received in opera 
tion 520, the performer module 270 may detect the venue of 
the live performance based on the calendar event of the user 
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142. In some example embodiments, the calendar event is 
received with the live fingerprint in operation 520. 
(0077. In operation 837, the performer module 270 
accesses a purchase record (e.g., transaction record) of the 
user 142 (e.g., stored within the database 115 or accessible via 
the network 190 from a third-party transaction server). For 
example, the database 115 may store purchase data for the 
user 142 (e.g., transaction records for purchases made by the 
user 142), and the purchase record may indicate that the user 
142 purchased a ticket (e.g., from the venue) for an event at 
which the live performance is taking place at the current date 
and current time. Since the user 142 is associated with (e.g., 
corresponds to) the device 140 (e.g., the third device) from 
which the live fingerprint was received in operation 520, the 
performer module 270 may detect the venue of the live per 
formance based on the purchase record of the user 142. In 
Some example embodiments, the purchase record is received 
with the live fingerprint in operation 520. 
(0078. As shown in FIG. 9, the method 300 or portions 
thereof may include operation 910, which in turn may include 
one or more of operations 911,912,913,914,915, and 916. 
According to various example embodiments, operation 910 
may be performed at any point prior to operation 540, in 
which the reference module 280 of the identification machine 
110 accesses the reference fingerprints. For example, opera 
tion 910 may be performed prior to the beginning of the 
performance itself. In some example embodiments, operation 
910 is performed each time the performer 160 or an artist that 
originally recorded the audio piece releases new material 
(e.g., new recordings of audio pieces). In certain example 
embodiments, operation 910 is performed periodically (e.g., 
at regularly scheduled intervals of time). 
(0079. In operation 910, the reference module 280 of the 
identification machine 110 builds the set of reference finger 
prints to be accessed in operation 540. The reference module 
280 may do this by generating some or all of the database 115. 
One or more of operations 911-960 may be performed as part 
of operation 910. 
0080. In operation 911, the reference module 280 accesses 
a schedule for a venue at which an event that includes the live 
performance will be take place. For example, the reference 
module 280 may access a venue schedule in the form of an 
event calendar (e.g., a concert calendar) for the venue, a 
playlist for the venue, an agenda for the venue, an advertise 
ment (e.g., poster) for the venue, or any suitable combination 
thereof. The schedule may be accessed from information 
previously collected and stored in the database 115 or from a 
third-party server corresponding to the venue itself. Accord 
ing to various example embodiments, the accessed schedule 
may correlate the venue with the performer 162 of the audio 
piece, correlate the venue with an artist that recorded a refer 
ence version of the audio piece (e.g., an original artist that 
recorded a studio recording of the audio piece or alive record 
ing of the audio piece), correlate the venue with a period of 
time during which the live fingerprint is received in operation 
520, or any suitable combination thereof. 
I0081. In operation 912, the reference module 280 deter 
mines (e.g., identifies) the performer 162 based on the sched 
ule accessed in operation 911. For example, the performer 
162 may be determined based on the artist being correlated 
with the venue by the schedule accessed in operation 911. As 
another example, the performer 162 may be determined based 
on the period of time during which the live fingerprint is 
received in operation 520 being correlated with the artist by 
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the schedule. This determination of the performer 162 may 
enable the identification machine 110 to infer the likely audio 
pieces to be played and thus significantly reduce the number 
of possible audio pieces that may be performed during the live 
performance. 
0082 In operation 913, the reference module 280 accesses 
(e.g., retrieves) studio reference fingerprints of segments of 
studio recordings by an artist (e.g., original artist). In some 
example embodiments, the artist is the performer 162, though 
this need not be the case. The studio reference fingerprints 
may be accessed from information previously collected and 
stored in the database 115 or from a third-party server (e.g., 
corresponding to the venue, to the artist, to the performer 162, 
or any suitable combination thereof). 
0083. In operation 914, the reference module 280 accesses 
(e.g., retrieves) live reference fingerprints of segments of 
studio recordings by the artist (e.g., original artist). As noted 
above, the artist may be the performer 162, though this need 
not be the case. The live reference fingerprints may be 
accessed from information previously collected and stored in 
the database 115 or from a third-party server (e.g., corre 
sponding to the venue, to the artist, to the performer 162, or 
any suitable combination thereof). In some example embodi 
ments where the performer 162 is the artist, the mixer 161 is 
the source of one or more segments of a reference version of 
the audio piece whose live version is being performed, and 
one or more of the live reference fingerprints are generated 
(e.g., by the reference module 280) from such segments 
received from the mixer 161. In addition, the mixer 161, the 
device 160 of the performer 162, or both, may provide the 
reference module 280 with metadata (e.g., at least some of the 
metadata accessed in operation 332) that describes or identi 
fies the audio piece, one or more live recordings of the audio 
piece, one or more studio recordings of the audio piece, or any 
Suitable combination thereof (e.g., for storage in the database 
115 and for access by the query module 250). 
0084. In operation 915, the reference module 280 accesses 
(e.g., retrieves) a previously played playlist from a previously 
performed performance by the same artist (e.g., the performer 
162). This may enable the identification machine 110 to fur 
ther infer the most likely audio pieces to be played and thus 
even further reduce the number possible audio pieces that 
may be performed during a live performance. According to 
Some example embodiments, the previously played playlist 
may be a basis for weighting one or more of multiple candi 
date identifiers of the audio piece. Similarly, identifiers of 
audio pieces already performed during the current perfor 
mance may be accorded lower weights or omitted from con 
sideration, since it may be unlikely that the performer 162 
will perform the same audio piece twice in one show, particu 
larly, back-to-back or within a short time window (e.g., 20 
minutes). 
I0085. In operation 916, the reference module 280 accesses 
(e.g., retrieves) fingerprints for segments of likely or most 
likely audio pieces to be played by the performer 162. These 
accessed fingerprints may then be designated by the reference 
module 280 as the set of reference fingerprints to be accessed 
in operation 540. As noted above, these accessed fingerprints 
may be stored in the database 115, for later use (e.g., in 
operation 540). 
I0086 According to various example embodiments, one or 
more of the methodologies described herein may facilitate 
identification of an audio piece during its performance. More 
over, one or more of the methodologies described herein may 
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facilitate identification of the audio piece during performance 
of a live version of the audio piece, even where the live version 
differs from previously recorded versions of the audio piece. 
Hence, one or more the methodologies described herein may 
facilitate retrieval and presentation of information regarding 
the identified audio piece (e.g., its identifier and some or all of 
its metadata) to one or more audience members during per 
formance of the same audio piece. Furthermore, one or more 
of the methodologies described herein may facilitate identi 
fication and tagging of recordings that were made during the 
performance. 
I0087. When these effects are considered in aggregate, one 
or more of the methodologies described herein may obviate a 
need for certain efforts or resources that otherwise would be 
involved in identifying an audio piece during the performance 
of an audio piece. Efforts expended by a user may be reduced 
by one or more of the methodologies described herein. Com 
puting resources used by one or more machines, databases, or 
devices (e.g., within the network environment 100) may simi 
larly be reduced. Examples of Such computing resources 
include processorcycles, network traffic, memory usage, data 
storage capacity, power consumption, and cooling capacity. 
I0088 FIG. 10 is a block diagram illustrating components 
ofa machine 1000, according to some example embodiments, 
able to read instructions 1024 from a machine-readable 
medium 1022 (e.g., a non-transitory machine-readable 
medium, a machine-readable storage medium, a computer 
readable storage medium, or any Suitable combination 
thereof) and perform any one or more of the methodologies 
discussed herein, in whole or in part. Specifically, FIG. 10 
shows the machine 1000 in the example form of a computer 
system (e.g., a computer) within which the instructions 1024 
(e.g., Software, a program, an application, an applet, an app, 
or other executable code) for causing the machine 1000 to 
perform any one or more of the methodologies discussed 
herein may be executed, in whole or in part. 
I0089. In alternative embodiments, the machine 1000 oper 
ates as a standalone device or may be connected (e.g., net 
worked) to other machines. In a networked deployment, the 
machine 1000 may operate in the capacity of a server machine 
or a client machine in a server-client network environment, or 
as a peer machine in a distributed (e.g., peer-to-peer) network 
environment. The machine 1000 may be a server computer, a 
client computer, a personal computer (PC), a tablet computer, 
a laptop computer, a netbook, a cellular telephone, a Smart 
phone, a set-top box (STB), a personal digital assistant 
(PDA), a web appliance, a network router, a network switch, 
a network bridge, or any machine capable of executing the 
instructions 1024, sequentially or otherwise, that specify 
actions to be taken by that machine. Further, while only a 
single machine is illustrated, the term “machine' shall also be 
taken to include any collection of machines that individually 
or jointly execute the instructions 1024 to performall or part 
of any one or more of the methodologies discussed herein. 
(0090. The machine 1000 includes a processor 1002 (e.g., a 
central processing unit (CPU), a graphics processing unit 
(GPU), a digital signal processor (DSP), an application spe 
cific integrated circuit (ASIC), a radio-frequency integrated 
circuit (RFIC), or any suitable combination thereof), a main 
memory 1004, and a static memory 1006, which are config 
ured to communicate with each other via a bus 1008. The 
processor 1002 may contain microcircuits that are config 
urable, temporarily or permanently, by Some or all of the 
instructions 1024 such that the processor 1002 is configurable 
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to perform any one or more of the methodologies described 
herein, in whole or in part. For example, a set of one or more 
microcircuits of the processor 1002 may be configurable to 
execute one or more modules (e.g., Software modules) 
described herein. 

0091. The machine 1000 may further include a graphics 
display 1010 (e.g., a plasma display panel (PDP), a light 
emitting diode (LED) display, a liquid crystal display (LCD), 
a projector, a cathode ray tube (CRT), or any other display 
capable of displaying graphics or video). The machine 1000 
may also include an alphanumeric input device 1012 (e.g., a 
keyboard or keypad), a cursor control device 1014 (e.g., a 
mouse, a touchpad, a trackball, a joystick, a motion sensor, an 
eye tracking device, or other pointing instrument), a storage 
unit 1016, an audio generation device 1018 (e.g., a sound 
card, an amplifier, a speaker, aheadphonejack, or any Suitable 
combination thereof), and a network interface device 1020. 
0092. The storage unit 1016 includes the machine-read 
able medium 1022 (e.g., a tangible and non-transitory 
machine-readable storage medium) on which are stored the 
instructions 1024 embodying any one or more of the meth 
odologies or functions described herein. The instructions 
1024 may also reside, completely or at least partially, within 
the main memory 1004, within the processor 1002 (e.g., 
within the processor's cache memory), or both, before or 
during execution thereof by the machine 1000. Accordingly, 
the main memory 1004 and the processor 1002 may be con 
sidered machine-readable media (e.g., tangible and non-tran 
sitory machine-readable media). The instructions 1024 may 
be transmitted or received over the network 190 via the net 
work interface device 1020. For example, the network inter 
face device 1020 may communicate the instructions 1024 
using any one or more transfer protocols (e.g., hypertext 
transfer protocol (HTTP)). 
0093. In some example embodiments, the machine 1000 
may be a portable computing device. Such as a Smartphone or 
tablet computer, and have one or more additional input com 
ponents 1030 (e.g., sensors or gauges). Examples of Such 
input components 1030 include an image input component 
(e.g., one or more cameras), an audio input component (e.g., 
a microphone), a direction input component (e.g., a compass), 
a location input component (e.g., a global positioning system 
(GPS) receiver), an orientation component (e.g., a gyro 
Scope), a motion detection component (e.g., one or more 
accelerometers), an altitude detection component (e.g., an 
altimeter), and a gas detection component (e.g., a gas sensor). 
Inputs harvested by any one or more of these input compo 
nents may be accessible and available for use by any of the 
modules described herein. 

0094. As used herein, the term “memory” refers to a 
machine-readable medium able to store data temporarily or 
permanently and may be taken to include, but not be limited 
to, random-access memory (RAM), read-only memory 
(ROM), buffer memory, flash memory, and cache memory. 
While the machine-readable medium 1022 is shown in an 
example embodiment to be a single medium, the term 
“machine-readable medium’ should be taken to include a 
single medium or multiple media (e.g., a centralized or dis 
tributed database, or associated caches and servers) able to 
store instructions. The term “machine-readable medium’ 
shall also be taken to include any medium, or combination of 
multiple media, that is capable of storing the instructions 
1024 for execution by the machine 1000, such that the instruc 
tions 1024, when executed by one or more processors of the 
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machine 1000 (e.g., processor 1002), cause the machine 1000 
to perform any one or more of the methodologies described 
herein, in whole or in part. Accordingly, a “machine-readable 
medium” refers to a single storage apparatus or device, as 
well as cloud-based storage systems or storage networks that 
include multiple storage apparatus or devices. The term 
“machine-readable medium’ shall accordingly be taken to 
include, but not be limited to, one or more tangible (e.g., 
non-transitory) data repositories in the form of a solid-state 
memory, an optical medium, a magnetic medium, or any 
suitable combination thereof. 
0.095 Throughout this specification, plural instances may 
implement components, operations, or structures described 
as a single instance. Although individual operations of one or 
more methods are illustrated and described as separate opera 
tions, one or more of the individual operations may be per 
formed concurrently, and nothing requires that the operations 
be performed in the order illustrated. Structures and function 
ality presented as separate components in example configu 
rations may be implemented as a combined structure or com 
ponent. Similarly, structures and functionality presented as a 
single component may be implemented as separate compo 
nents. These and other variations, modifications, additions, 
and improvements fall within the scope of the subject matter 
herein. 

0096. Certain embodiments are described herein as 
including logic or a number of components, modules, or 
mechanisms. Modules may constitute software modules 
(e.g., code stored or otherwise embodied on a machine-read 
able medium or in a transmission medium), hardware mod 
ules, or any suitable combination thereof. A “hardware mod 
ule' is a tangible (e.g., non-transitory) unit capable of 
performing certain operations and may be configured or 
arranged in a certain physical manner. In various example 
embodiments, one or more computer systems (e.g., a standa 
lone computer system, a client computer system, or a server 
computer system) or one or more hardware modules of a 
computer system (e.g., a processor or a group of processors) 
may be configured by Software (e.g., an application or appli 
cation portion) as a hardware module that operates to perform 
certain operations as described herein. 
0097. In some embodiments, a hardware module may be 
implemented mechanically, electronically, or any Suitable 
combination thereof. For example, a hardware module may 
include dedicated circuitry or logic that is permanently con 
figured to perform certain operations. For example, a hard 
ware module may be a special-purpose processor, Such as a 
field programmable gate array (FPGA) or an ASIC. A hard 
ware module may also include programmable logic or cir 
cuitry that is temporarily configured by software to perform 
certain operations. For example, a hardware module may 
include Software encompassed within a general-purpose pro 
cessor or other programmable processor. It will be appreci 
ated that the decision to implement a hardware module 
mechanically, in dedicated and permanently configured cir 
cuitry, or in temporarily configured circuitry (e.g., configured 
by Software) may be driven by cost and time considerations. 
0098. Accordingly, the phrase “hardware module' should 
be understood to encompass a tangible entity, and Such a 
tangible entity may be physically constructed, permanently 
configured (e.g., hardwired), or temporarily configured (e.g., 
programmed) to operate in a certain manner or to perform 
certain operations described herein. As used herein, “hard 
ware-implemented module” refers to a hardware module. 
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Considering embodiments in which hardware modules are 
temporarily configured (e.g., programmed), each of the hard 
ware modules need not be configured or instantiated at any 
one instance in time. For example, where a hardware module 
comprises a general-purpose processor configured by Soft 
ware to become a special-purpose processor, the general 
purpose processor may be configured as respectively differ 
ent special-purpose processors (e.g., comprising different 
hardware modules) at different times. Software (e.g., a soft 
ware module) may accordingly configure one or more pro 
cessors, for example, to constitute a particular hardware mod 
ule at one instance of time and to constitute a different 
hardware module at a different instance of time. 

0099 Hardware modules can provide information to, and 
receive information from, other hardware modules. Accord 
ingly, the described hardware modules may be regarded as 
being communicatively coupled. Where multiple hardware 
modules exist contemporaneously, communications may be 
achieved through signal transmission (e.g., over appropriate 
circuits and buses) between or among two or more of the 
hardware modules. In embodiments in which multiple hard 
ware modules are configured or instantiated at different 
times, communications between such hardware modules may 
be achieved, for example, through the storage and retrieval of 
information in memory structures to which the multiple hard 
ware modules have access. For example, one hardware mod 
ule may perform an operation and store the output of that 
operation in a memory device to which it is communicatively 
coupled. A furtherhardware module may then, at a later time, 
access the memory device to retrieve and process the stored 
output. Hardware modules may also initiate communications 
with input or output devices, and can operate on a resource 
(e.g., a collection of information). 
0100. The various operations of example methods 
described herein may be performed, at least partially, by one 
or more processors that are temporarily configured (e.g., by 
Software) or permanently configured to perform the relevant 
operations. Whether temporarily or permanently configured, 
Such processors may constitute processor-implemented mod 
ules that operate to perform one or more operations or func 
tions described herein. As used herein, “processor-imple 
mented module” refers to a hardware module implemented 
using one or more processors. 
0101 Similarly, the methods described herein may be at 
least partially processor-implemented, a processor being an 
example of hardware. For example, at least some of the opera 
tions of a method may be performed by one or more proces 
sors or processor-implemented modules. As used herein, 
“processor-implemented module” refers to a hardware mod 
ule in which the hardware includes one or more processors. 
Moreover, the one or more processors may also operate to 
Support performance of the relevant operations in a "cloud 
computing environment or as a “software as a service' 
(SaaS). For example, at least some of the operations may be 
performed by a group of computers (as examples of machines 
including processors), with these operations being accessible 
via a network (e.g., the Internet) and via one or more appro 
priate interfaces (e.g., an application program interface 
(API)). 
0102 The performance of certain operations may be dis 
tributed among the one or more processors, not only residing 
within a single machine, but deployed across a number of 
machines. In some example embodiments, the one or more 
processors or processor-implemented modules may be 
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located in a single geographic location (e.g., within a home 
environment, an office environment, or a server farm). In 
other example embodiments, the one or more processors or 
processor-implemented modules may be distributed across a 
number of geographic locations. 
0103 Some portions of the subject matter discussed 
herein may be presented in terms of algorithms or symbolic 
representations of operations on data stored as bits or binary 
digital signals within a machine memory (e.g., a computer 
memory). Such algorithms or symbolic representations are 
examples of techniques used by those of ordinary skill in the 
data processing arts to convey the Substance of their work to 
others skilled in the art. As used herein, an “algorithm' is a 
self-consistent sequence of operations or similar processing 
leading to a desired result. In this context, algorithms and 
operations involve physical manipulation of physical quanti 
ties. Typically, but not necessarily, such quantities may take 
the form of electrical, magnetic, or optical signals capable of 
being stored, accessed, transferred, combined, compared, or 
otherwise manipulated by a machine. It is convenient at 
times, principally for reasons of common usage, to refer to 
such signals using words such as “data.” “content,” “bits.” 
“values,” “elements.” “symbols.” “characters,” “terms.” 
“numbers,” “numerals, or the like. These words, however, 
are merely convenient labels and are to be associated with 
appropriate physical quantities. 
0104. Unless specifically stated otherwise, discussions 
herein using words such as “processing.” “computing.” “cal 
culating,” “determining,” “presenting,” “displaying,” or the 
like may refer to actions or processes of a machine (e.g., a 
computer) that manipulates or transforms data represented as 
physical (e.g., electronic, magnetic, or optical) quantities 
within one or more memories (e.g., volatile memory, non 
Volatile memory, or any Suitable combination thereof), regis 
ters, or other machine components that receive, Store, trans 
mit, or display information. Furthermore, unless specifically 
stated otherwise, the terms 'a' or “an are herein used, as is 
common in patent documents, to include one or more than 
one instance. Finally, as used herein, the conjunction 'or' 
refers to a non-exclusive “or, unless specifically stated oth 
erwise. 

What is claimed is: 
1. A method comprising: 
receiving a live fingerprint of a segment of a live version of 

an audio piece being performed differently from a ref 
erence version of the audio piece recorded by an artist, 
the live fingerprint being received in a query for identi 
fication of the audio piece during performance of the live 
version; 

identifying a performer that is performing the live version 
of the audio piece; 

using a processor, accessing a set of reference fingerprints 
based on the identified performer of the live version, the 
reference fingerprints being generated from segments of 
reference versions of audio pieces recorded by the artist, 
the reference fingerprints including a reference finger 
print of the reference version of the audio piece, the 
reference fingerprint being accessed from a database 
that correlates the reference fingerprint with an identifier 
of the audio piece; 

comparing the live fingerprint to the set of reference fin 
gerprints accessed based on the identified performer; 
and 
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providing the identifier of the audio piece in a response to 
the query based on the live fingerprint matching the 
reference fingerprint correlated with the identifier. 

2. The method of claim 1, wherein: 
the identifying of the performer includes detecting of a 

venue at which the live version is being performed, the 
detecting of the venue including accessing information 
from a device from which the live fingerprint is received, 
the information being selected from the group consisting 
of: 
a geolocation of the device, 
an identifier of a network connected to the device and 

correlated with the venue, and 
an image of a ticket portion that references the venue. 

3. The method of claim 1, wherein: 
the identifying of the performer includes detecting of a 

venue at which the live version is being performed, the 
detecting of the venue including accessing information 
from a device from which the live fingerprint is received, 
the information being selected from the group consisting 
of: 

a user preference that references the venue, 
social network data that reference the venue, 
a calendar event that references the venue, and 
a purchase record that references the venue. 

4. The method of claim 1, wherein: 
the accessing of the set of reference fingerprints includes 

accessing a schedule that correlates a venue at which the 
live version is being performed with the artist that 
recorded the reference version of the audio piece; and 

the accessing of the set of reference fingerprints is based on 
the artist being correlated with the venue by the sched 
ule. 

5. The method of claim 1, wherein: 
the accessing of the set of reference fingerprints includes 

accessing a schedule that correlates a venue at which the 
live version is being performed with a period of time 
during which the live fingerprint is received; and 

the accessing of the set of reference fingerprints is based on 
the period of time during which the live fingerprint is 
received. 

6. The method of claim 1, wherein: 
the accessed set of reference fingerprints includes a first 

Subset of reference fingerprints generated from seg 
ments of studio recordings by the artist and a second 
Subset of reference fingerprints generated from seg 
ments of live recordings by the artist. 

7. A method of identifying an audio piece being performed, 
the method comprising: 

obtaining an identifier of the audio piece at a first time 
during a performance of the audio piece; 

receiving, from a first device, a first fingerprint of a first 
segment of the audio piece at a second time during the 
performance of the audio piece 

using a processor, assigning the identifier to the first fin 
gerprint based on the first and second times occurring 
during the performance of the audio piece; 

receiving, from a second device, a second fingerprint of a 
second segment of the audio piece in a query for identi 
fication of the audio piece during the performance of the 
audio piece; and 
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providing the second device with the identifier assigned to 
the first fingerprint of the first segment in a response to 
the query that included the second fingerprint of the 
Second segment. 

8. The method of claim 7, wherein: 
the obtaining of the identifier includes receiving the iden 

tifier within a user submission received from a device. 
9. The method of claim 7, wherein: 
the obtaining of the identifier includes receiving a descrip 

tor of the audio piece from a device and querying a 
database that correlates the descriptor of the audio piece 
with the identifier of the audio piece. 

10. The method of claim 7 further comprising: 
the obtaining of the identifier includes detecting a geolo 

cation of the first device that generated the first finger 
print and from which the first fingerprint is received and 
querying a database that correlates the geolocation with 
the first time and with the identifier of the audio piece. 

11. The method of claim 7, wherein: 
the obtaining of the identifier includes tallying votes for the 

identifier submitted from multiple devices. 
12. The method of claim 7, wherein: 
the obtaining of the identifier includes accessing the iden 

tifier from a third device configured to play the perfor 
mance of the audio piece. 

13. The method of claim 7 further comprising: 
receiving additional information between the first and sec 

ond times; and 
determining that the first and second times occurred during 

the performance by determining that the received addi 
tional information fails to indicate an event selected 
from a group consisting of: 
silence that lasts longer than a first threshold duration, 

applause that lasts longer than a second threshold 
duration, and booing that lasts longer than a third 
threshold duration. 

14. The method of claim 7, wherein: 
the receiving of the first fingerprint is from the first device 

that generated the first fingerprint from the first segment 
according to a first fingerprinting technique; and 

the receiving of the second fingerprint is from the second 
device that generated the second fingerprint from the 
second segment according to a second fingerprinting 
technique. 

15. The method of claim 7, wherein: 
the receiving of the first fingerprint is from a third device 

connected to an audio mixer through which the first 
segment of the audio piece is played during the perfor 
mance of the audio piece. 

16. The method of claim 15, wherein: 
the audio piece includes multiple audio channels each pro 

cessed separately by the audio mixer, and 
the first and second fingerprints are generated from less 

than all of the multiple audio channels of the audio piece. 
17. A non-transitory machine-readable storage medium 

comprising instructions that, when executed by one or more 
processors of a machine, cause the machine to perform opera 
tions comprising: 

receiving a live fingerprint of a segment of a live version of 
an audio piece being performed differently from a ref 
erence version of the audio piece recorded by an artist, 
the live fingerprint being received in a query for identi 
fication of the audio piece during performance of the live 
version; 
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identifying a performer that is performing the live version 
of the audio piece; 

accessing a set of reference fingerprints based on the iden 
tified performer of the live version, the reference finger 
prints being generated from segments of reference ver 
sions of audio pieces recorded by the artist, the reference 
fingerprints including a reference fingerprint of the ref 
erence version of the audio piece, the reference finger 
print being accessed from a database that correlates the 
reference fingerprint with an identifier of the audio 
piece; 

comparing the live fingerprint to the set of reference fin 
gerprints accessed based on the identified performer; 
and 

providing the identifier of the audio piece in a response to 
the query based on the live fingerprint matching the 
reference fingerprint correlated with the identifier. 

18. A non-transitory machine-readable storage medium 
comprising instructions that, when executed by one or more 
processors of a machine, cause the machine to perform opera 
tions comprising: 

obtaining an identifier of an audio piece at a first time 
during a performance of the audio piece; 

receiving from a first device, a first fingerprint of a first 
segment of the audio piece at a second time during the 
performance of the audio piece; 

assigning the identifier to the first fingerprint based on the 
first and second times occurring during the performance 
of the audio piece; 

receiving, from a second device, a second fingerprint of a 
second segment of the audio piece in a query for identi 
fication of the audio piece during the performance of the 
audio piece; and 

providing the second device with the identifier assigned to 
the first fingerprint of the first segment in a response to 
the query that included the second fingerprint of the 
Second segment. 

19. A system comprising: 
a query module configured to receive a live fingerprint of a 

segment of a live version of an audio piece being per 
formed differently from a reference version of the audio 
piece recorded by an artist, the live fingerprint being 
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received in a query for identification of the audio piece 
during performance of the live version; 

a performer module configured to identify a performer that 
is performing the live version of the audio piece; 

a processor configured by a reference module to access a 
set of reference fingerprints based on the identified per 
former of the live version, the reference fingerprints 
being generated from segments of reference versions of 
audio pieces recorded by the artist, the reference finger 
prints including a reference fingerprint of the reference 
version of the audio piece, the reference fingerprint 
being accessed from a database that correlates the refer 
ence fingerprint with an identifier of the audio piece; 

a comparison module configured to compare the live fin 
gerprint to the set of reference fingerprints accessed 
based on the identified performer; and 

a result module configured to provide the identifier of the 
audio piece in a response to the query based on the live 
fingerprint matching the reference fingerprint correlated 
with the identifier. 

20. A system comprising: 
an identifier module configured to obtain an identifier of an 

audio piece at a first time during a performance of the 
audio piece; 

a reception module configured to receive, from a first 
device, a first fingerprint of a first segment of the audio 
piece at a second time during the performance of the 
audio piece; 

a processor configured by a correlation module to assign 
the identifier to the first fingerprint based on the first and 
second times occurring during the performance of the 
audio piece; 

a query module configured to receive, from a second 
device, a second fingerprint of a second segment of the 
audio piece in a query for identification of the audio 
piece during the performance of the audio piece; and 

a result module configured to provide the identifier to the 
second device, the provided identifier being assigned to 
the first fingerprint of the first segment in a response to 
the query that included the second fingerprint of the 
Second segment. 
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