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INAUDIBLE SIGNALING TONE

TECHNICAL FIELD

[0001] This application generally relates to systems and methods for
delivering content from a remote content provider to a mobile device based on one

or more inaudible signals received by the device.
CROSS REFERENCE TO RELATED APPLICATION

[0002] This application claims benefits of U.S. Provisional Patent Application
Serial No. 62/064,468 filed October 15, 2015, which is incorporated herein in its
entirety. This application is related to PCT Application Serial No. US/2013/039079
filed May 1, 2013, which was published in the United States on April 23, 2015 as
Publication US2015-0113094, and which claims benefit of US Provisional Patent
Application Serial Nos. 61/781,107 filed March 14, 2013 and 61/640,900 filed May 1,
2012, each of which is incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

[0003] Various proposals have been made to include inaudible signaling tones
into audio content that is broadcast or played back audibly in a public or private
environment, or delivered electronically. The inaudible signal is designed for
reception and decoding by a decoding device, such as a portable multifunction
device. For example, the inaudible signal may be embedded in audio content that is
received by a microphone of the decoding device. The source of the signal may be
any audio speaker within the proximity of the portable multifunction device, or the
audio content may be supplied for decoding by an on-board audio generating
application, such as music player module, or an on-board video player application,
such as video player module, or provided to a line-out port (such as a headphone
jack) of a decoding device, or provided to an external speaker of the decoding

device.

[0004] Example systems and methods for embedding inaudible signals into

audio content are provided in the above-referenced PCT Application, as well as the
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following US patent applications, the entirety of which applications is hereby
incorporated by reference in their entirety: U.S. patent application Ser. No.
13/286,613 entitled “SYSTEM EFFECTIVE TO MODULATE A CODE AND
PROVIDE CONTENT TO A USER’ filed Nov. 1, 2011, U.S. patent application Ser.
No. 13/286,670 entitled “SYSTEM EFFECTIVE TO DEMODULATE A MODULATED
CODE AND PROVIDE CONTENT TO A USER’ filed September Nov. 1, 2011, and
U.S. patent application Ser. No. 13/286,727 entitled “DEVICE EFFECTIVE TO
MODULATE A CODE AND TO PROVIDE CONTENT TO A USER’ filed Nov. 1,
2011.

[0005] Inaudible signals as described in these filings, are signals that are
outside the range of human hearing or other signals not otherwise detectable by
humans. For example, in some embodiments, the inaudible signal may be generated
by frequencies above 20,000 Hz or less than 20 Hz, or in a frequency band near to
20,000 Hz or near to 20 Hz which is generally inaudible. The inaudible signal may be
the form of a modulated code, as described in the above-reference patent
applications, which is a series of logic 0Os and 1s. The modulated code may be
repeatedly and periodically output by the sound source, enabling the decoding
device to identify and demodulate the modulated code in the inaudible signal to
determine the logical series of Os and 1s associated with the inaudible signal. In
some embodiments, the logical series of Os and 1s may be, for example, a coded
identifier which can be transmitted to a content management system via various

communications protocols.

[0006] As used herein, the term inaudible signal is used to broadly refer to any
type of signal, code, frequency, waveform, or otherwise that may be transmitted by a
source and detected by a decoding device. The inaudible signal may be processed
by the decoding device by a process or routine passively running on the decoding
device.

[0007] The previously described systems for producing inaudible signals have
a number of limitations, specifically in the integrity of data transmission, and in the
flexibility of the system to handle data efficiently, e.g., to embed data of different
sizes for different applications. Thus, there is a need for an improvement in the



methods of formatting and transmitting inaudible signals to allow for greater flexibility
and functionality than has been previously available.

SUNMMARY OF THE INVENTION
[0008] In accordance with principles of the present invention, these needs are
addressed by a method of encoding, and decoding, a human-inaudible acoustic
signal embedded within audio content, suitable for use within the processor of an
encoding and broadcasting system or a decoding and receiving system. According
to principles of the invention, a binary message is encoded into a human-inaudible
acoustic signal for delivery as audio content to a recipient by encoding the binary
message into a sequence of symbols selected from a group of two or more symbols,
each symbol associated with frequency characteristics, generating audio samples of
a digitized version of the sequence of samples using the frequency characteristics
associated with the symbols, and providing the audic samples for playback by an
audio device.
[0008a] Disclosed herein is a method of decoding a human-inaudible acoustic
signal embedded within audio content in the processor of a decoding device,
comprising: receiving samples of a digitized version of the audio content including
the human-inaudible acoustic signal into the processor of a decoding device;
correlating the audio content within said samples with a prefix template for a prefix of
the human-inaudible acoustic signal to identify candidate samples potentially
associated with the start of said human-inaudible acoustic signal; repeatedly
performing a frequency domain transformation of samples of the candidate samples
and comparing frequency domain transformations thereof to frequency
characteristics associated with two or more candidate symbols to generate a symbol
sequence; performing an error correction decoding upon the symbol sequence to
determine the validity of the symbol sequence; and upon identifying a valid symbol
sequence, transmitting the symbol sequence as the decoded equivalent of the
human-inaudible acoustic signal.
[0008b] Disclosed herein is a method of encoding a binary message into a
human-inaudible acoustic signal for delivery as audio content to a recipient,
comprising: encoding the binary message into a sequence of symbols selected from
a group of two or more symbols, each symbol associated with frequency
characteristics, the encoding comprising the use of one or more of forward error
correction and cyclic redundancy coding; generating audio samples of a digitized
version of the sequence of samples using the frequency characteristics associated
with the symbols; providing the audio samples for playback by an audio device.
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[0008c] According to an aspect of the present invention, there is provided a
method of encoding a binary message into a human-inaudible acoustic signal for
delivery as audio content to a recipient, comprising: encoding the binary message
into a sequence of symbols selected from a group of four or more symbols, each
symbol encoding a series of two or more logical bits and associated with frequency
characteristics in frequency ranges outside a common range of human hearing;
generating audio samples of a digitized version of the sequence of samples using
the frequency characteristics associated with the symbols; providing the audio
samples for playback by an audio device.

[0009] In embodiments described herein, the encoding can comprise the use
of one or more of forward error correction and cyclic redundancy coding, or both, to
increase the robustness of the transmission. Furthermore, the binary bits encoded
by the symbois are selected such that a Hamming distance of a single bit
transformation exists between symbols associated with adjacent frequencies, so that
a frequency error creates only a single bit error.

[0010] Decoding of the signal involves delivering samples of a digitized
version of audio content including the human-inaudible acoustic signal into a
processor of a decoding device, correlating the audio content within the samples with
a prefix template for a prefix of the human-inaudible acoustic signal to identify
candidate samples potentially associated with the start of said human-inaudible
acoustic signal, and repeatedly performing a frequency domain transformation of
samples of the candidate samples and comparing frequency domain transformations
thereof to frequency characteristics associated with two or more candidate symbols
to generate a symbol sequence.

[0011] To validate the sample sequence, an error correction decoding can be
performed upon the symbol sequence to determine its validity, so that upon
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identifying a valid symbol sequence, the symbol sequence may be transmitted as the

decoded equivalent of the human-inaudible acoustic signal.

[0012] Human-inaudible acoustic signals may be transmitted with other audio
content or be provided separately from other audio content. Furthermore, the
acoustic signal may be broadcast, or stored in a recording media for playback.
Detection of the human inaudible acoustic signal can be done by, for example, a
microphone, an on-board speaker, an audio input, or an audio output. For a passive
detection system, a processor may periodically query for audio samples from an

audio source to evaluate for the presence of human-inaudible acoustic signals.

[0013] The human-inaudible signal can be used for messaging regarding
deliverable content, in which case the decoded equivalent of the human-inaudible
acoustic signal is used to generate a message to a content management system,
which can provide content for presentation to a user. Other information that can be
provided with the decoded signal includes: time data, date data, accelerometer data,
geographic data, demographic data, content delivery device data, and content
delivery device user data. Furthermore, the content provided by the content
management system can be delivered with an indication of a presentation time after

the time of receipt.

[0014] The symbols may encode a series of two or more logical bits, in
various embodiments; for example, four candidate symbols may encode two bits
each, or eight candidate symbols may encode three bits each. Furthermore, the
format of the encoded human-inaudible signal may include a count of a number of
symbols included in the human-inaudible acoustic signal, so that upon decoding that
count is first decoded, and then subsequent symbols are decoded in a number

corresponding to the count.



WO 2016/061353 PCT/US2015/055738

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The present disclosure will be more readily understood from a detailed
description of some example embodiments taken in conjunction with the following

figures:

[0016] FIG. 1 shows an embodiment of the environment of use of the present
invention, illustrating portable multifunction devices in communication with content

management systems.

[0017] FIG. 2A is a diagram illustrating the content of a beacon iteration 1000
used to transmit data according to a first embodiment of principles of the present
invention.

[0018] FIG. 2B is a diagram illustrating the encoding of symbols used in the

beacon iteration of Fig. 2A as inaudible audio tones.

[0019] FIG. 3 is a diagram illustrating the sectioning of a symbol length of a
received beacon iteration as part of decoding that symbol length to identify the

associated symbol value.

[0020] FIG. 4 is a flow chart illustrating a process for identifying and decoding
beacon iterations that are received, to deliver the corresponding symbols to a client
application according to the first embodiment of principles of the present invention.

[0021] FIG. 5 is a diagram illustrating the content of a variable length beacon
iteration 2000 used to transmit data according to a second embodiment of principles

of the present invention.

[0022] FIG. 6 is a diagram illustrating the encoding of symbols used in the

beacon iteration of Fig. 5 as inaudible audio tones.

[0023] FIG. 7A illustrates the format of the prefix 2002 of the variable length
beacon iteration 2000 of Fig. 5.

[0024] FIGS. 7B, 7C and 7D illustrate the payload formats for a 1 byte, 6 byte
and 32 byte payload for the variable length beacon iteration 2000 of Fig. 5.
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[0025] FIG. 8 is a flow chart illustrating a process identifying and decoding
beacon iterations that are received in the format of Fig. 5, to deliver the
corresponding symbols to a client application according to the second embodiment
of principles of the present invention.

DETAILED DESCRIPTION

[0026] Various non-limiting embodiments of the present disclosure will now be
described to provide an overall understanding of the principles of the structure,
function, and use of the content delivery and management systems and processes
disclosed herein. One or more examples of these non-limiting embodiments are
illustrated in the accompanying drawings. Those of ordinary skill in the art will
understand that systems and methods specifically described herein and illustrated in
the accompanying drawings are non-limiting embodiments. The features illustrated
or described in connection with one non-limiting embodiment may be combined with
the features of other non-limiting embodiments. Such modifications and variations

are intended to be included within the scope of the present disclosure.

[0027] Reference throughout the specification to "various embodiments,”

"some embodiments,” "one embodiment,” "some example embodiments,” "one
example embodiment,” or "an embodiment” means that a particular feature,
structure, or characteristic described in connection with the embodiment is included
in at least one embodiment. Thus, appearances of the phrases "in various

embodiments,” "in some embodiments,” "in one embodiment,” "some example

embodiments," "one example embodiment, or "in an embodiment" in places
throughout the specification are not necessarily all referring to the same
embodiment. Furthermore, the particular features, structures or characteristics may

be combined in any suitable manner in one or more embodiments.

[0028] The presently disclosed embodiments are generally directed to beacon
iteration formats used to transmit data in an inaudible signaling tone, and the
configuration of decoding devices to detect inaudible signal tones that are thus
transmitted. The decoding device may be configured to then supply, e.g. wirelessly,
an indication of the inaudible signal that was received to a content management
system. Upon receipt of the indication of the received inaudible signal from the
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decoding device, the content management system may provide particular content to
the decoding device based on the particular inaudible signal received, as is
discussed in detail in the above-referenced prior patent filings.

[0029] Figure 1 illustrates one example embodiment of the present disclosure
which comprises a content management system 200 that receives and processes
information affiliated with inaudible signals which has been decoded by decoding
devices which, in this embodiment, are portable multifunction devices 202. In this
embodiment, the content management system 200 may then determine which
content to provide to users and then wirelessly provide the content to portable
multifunction devices 202 associated with the users. The content management
system 200 may be provided using any suitable processor-based device or system,
such as a personal computer, laptop, server, mainframe, or a collection (e.g.,
network) of multiple computers, for example. The content management system 200
may include one or more processors 214 and one or more computer memory units
216. For convenience, only one processor 214 and only one memory unit 216 are
shown in Fig. 1. The processor 214 may execute software instructions stored on the
memory unit 216. The processor 214 may be implemented as an integrated circuit
(IC) having one or multiple cores. The memory unit 216 may include volatile and/or
non-volatile memory units. Volatile memory units may include random access
memory (RAM), for example. Non-volatile memory units may include read only
memory (ROM), for example, as well as mechanical non-volatile memory systems,
such as, for example, a hard disk drive, an optical disk drive, etc. The RAM and/or

ROM memory units may be implemented as discrete memory ICs, for example.

[0030] The memory unit 216 may store executable software and data for
content management engine 218. When the processor 214 of the content
management system 200 executes the software of the content management engine
218, the processor 214 may be caused to perform the various operations of the
content management system 200. Operations may include, without limitation,
receive an indication of an inaudible signal from a portable communication device
202 (such as in the form of a coded identifier 234, for example), identify content
associated with the coded identifier, receive and analyze supplemental information
received from the portable communication device 202, and send content 236 to the
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portable communication device 202 via a wireless communication network.  Data
used by the content management engine 218 may be from various sources, such as
a content database 220, which may be an electronic computer database, for
example. The data stored in the content database 220 may be stored in a non-
volatile computer memory, such as a hard disk drive, a read only memory (e.g., a
ROM IC), or other types of non-volatile memory. Also, the data of the content
database 220 may be stored on a remote electronic computer system, for example.
The data in the content database 220 may be, without limitation, video content, audio
content, text-based content, and so forth. The pieces of content in the content
database 220 may be tied to a particular coded identifier, for example. In some
embodiments, a content provider 230 may use a web portal, application program
interface (API), or other form of interface to provide and manage content of the
content management system 200. For example, a content provider 230 may provide
instructions to the content management system 200 to send content "A", "B", and "C"

to portable multifunction devices 202 that supply a coded identifier "X".

[0031] User database 222, which may be an electronic computer database,
for example, may also provide used by the content management engine 218. The
data stored in the user database 222 may be stored in a non-volatile computer
memory, such as a hard disk drive, a read only memory (e.g., a ROM IC), or other
types of non-volatile memory. Also, the data of the user database 222 may be
stored on a remote electronic computer system, for example. Data stored in the user
database 222 may related to information regarding particular users of the content
management system 200, such as triggers, user preferences, and so forth.

[0032] The content management system 200 may be in communication with
portable multifunction devices 202 via an electronic communications network 232.
The communications network may include a number of computer and/or data
networks, including the Internet, LANs, WANs, GPRS networks, etc., and may
comprise wired and/or wireless communication links. The portable multifunction
devices 202 that communicate with the content management system 200 may be
any type of client device suitable for communication over the network, such as a
personal computer, a laptop computer, or a netbook computer, for example. In some

example embodiments, a user may communicate with the network via a portable
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multifunction device 202 that is a combination handheld computer and mobile
telephone, sometimes referred to as a smart phone. It can be appreciated that while
certain embodiments may be described in connection with user communication via a
smart phone or laptop by way of example, the communication may be implemented
using other types of user equipment or wireless computing devices such as a mobile
telephone, personal digital assistant (PDA), combination mobile telephone/PDA,
handheld device, mobile unit, game device, messaging device, media player, or

other suitable mobile communications devices.

[0033] By way of illustration, Fig. 2 shows example portable multifunction
devices 202 being utilized in practice of principles of the present invention, including
a tablet computer 204, a smart phone 206, and a laptop 208. Other types of portable
multifunction devices may be used.

[0034] Some of the portable multifunction devices 202 also may support
wireless wide area network (WWAN) data communications services including
Internet access. Examples of WWAN data communications services may include
Evolution-Data Optimized or Evolution-Data only (EV-DO), Long Term Evolution
(LTE), Evolution For Data and Voice (EV-DV), CDMA/1xRTT, GSM with General
Packet Radio Service systems (GSM/GPRS), Enhanced Data Rates for Global
Evolution (EDGE), High Speed Downlink Packet Access (HSDPA), High Speed
Uplink Packet Access (HSUPA), and others. The user device 102 may provide
wireless local area network (WLAN) data communications functionality in
accordance with the Institute of Electrical and Electronics Engineers (IEEE) 802.xx
series of protocols, such as the IEEE 802.11a/b/g/n series of standard protocols and
variants (also referred to as "Wi-Fi"), the IEEE 802.16 series of standard protocols
and variants (also referred to as "WiMAX"), the IEEE 802.20 series of standard
protocols and variants, and others.

[0035] In some example embodiments, the portable multifunction devices 202
also may be arranged to perform data communications functionality in accordance
with shorter range wireless networks, such as a wireless personal area network
(PAN) offering Bluetooth® data communications services in accordance with the
Bluetooth®. Special Interest Group (SIG) series of protocols, specifications, profiles,
and so forth. Other examples of shorter range wireless networks may employ
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infrared (IR) techniques or near-field communication techniques and protocols, such
as electromagnetic induction (EMI) techniques including passive or active radio-
frequency identification (RFID) protocols and devices.

[0036] The portable multifunction device 202 may provide a variety of
applications for allowing a user to accomplish one or more specific tasks using the
content management system 200. The portable multifunction device 202 may
comprise various software programs such as system programs and applications to
provide computing capabilities in accordance with the described embodiments.
System programs may include, without limitation, an operating system (OS), device
drivers, programming tools, utility programs, software libraries, application
programming interfaces (APIs), and so forth. As is to be appreciated, the portable
multifunction device 202 may include any suitable OS, such as a mobile OS
(ANDROID, BLACKBERRY OS, iOS, SYMBIAN OS, WINDOWS PHONE, and so
forth), a desktop OS (MAC OS X, LINUX, WINDOWS, GOOGLE CHROME OS, and
so forth) or a television OS (GOOGLE TV, APPLE TV, or other Smart TV OS), for

example.

[0037] Other decoding devices, such as stationary devices connected to AC
mains power and wired networks, are also contemplated and within the scope of

principles of the present invention.

[0038] In various embodiments, a decoding device may detect the inaudible
signal through a generally passive detection process. In other words, a user of the
decoding device does not necessarily have to routinely initiate or activate the
detection process. Instead, the detection process may be a background routine that
operates in the random access memory (RAM) of a decoding device, for example.
The background routine may periodically, or at least routinely, query signals received
or generated by various on-board components of the decoding device in order to
detect if an inaudible signal is present. These queries may be performed without
additional input from the user. Components queried by the detection process may
include, without limitation, on-board microphones, on-board speakers, and other

audio output ports (such as a headphone output or a line level output, for example).
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[0039] The inaudible signal may be received by the decoding device from any
suitable source. For example, the inaudible signal may be embedded in audio
content that is received by a microphone of the decoding device. In this regard, the
source may be any audio speaker within the proximity of the decoding device. The
audio content may also be supplied by an on-board audio generating application,
such as music player module, or an on-board video player application, such as video
player module, or provided to a line-out port (such as a headphone jack) or an
external speaker of the decoding device.

[0040] Upon detecting an inaudible signal, the decoding device may process
the inaudible signal to extract a coded identifier. The extraction process may be a
generally passive process which may be performed by the processor of the decoding
device. In some embodiments, the coded identifier may then be provided to a
content management system via a wireless communication network. Supplemental
information may also be provided to the content management system along with the
coded identifier, such as a time/date data, accelerometer data, geographic data,
demographic data, device data, owner data, and so forth. The content management
system may process the received information to identify content to transmit to the
decoding device. The content may be stored locally to the content management
system or may be stored in data stores remote from the content management
system. In any event, the content may be in any suitable file format or file type. A
non-limiting and non-exhaustive list of example content that may be provided to a
decoding device includes video-based content, audio-based content, image-based
content, and text-based content. Video-based content may include, without
limitation, concert footage, music videos, artist interviews, movies, commercials and
so forth. Audio-based content may include, without limitation, songs, ringtones, and
so forth. Image-based content may include, without limitation, pictures, logos,
wallpapers, and so forth. Text-based content may include, without limitation, lyrics,
qguotes, coupons, passwords, passcodes, email messages, text messages, instant
messages, and so forth. In some embodiments, the content may be advertisements
or educational in nature. This disclosure is not limited to any particular content which
may be delivered to decoding devices associated with the content management

system.
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[0041] In various embodiments, the particular content delivered to a decoding
device may be based on the coded identifier and one or more triggers. Over time
additional content may be accessible (unlocked) as the decoding device, or user of
the device, satisfies various thresholds. For example, the number of times a
particular inaudible signal has been received by the device may determine which
content is sent to the device. If the inaudible signal is embedded in a song, the
number of times the inaudible signal is received may indicate the number of times
the song has been listened to by a user associated with the device. As the user
listens to the song more and more, additional content (“unlocked content”) may be
delivered to that user's device. As is to be appreciated, that additional content may
be labeled or otherwise considered as “exclusive” content that is only available to
certain types or groups of listeners. For example, an inaudible signal may be
broadcast at a music venue while an artist is performing a concert. Audience
members having devices passively detecting for inaudible signals will receive and
process the inaudible signal. The device may then extract the coded identifier and
provide the information to a content management system via a wireless
communications network. The content management system may match the coded
identifier to stored content associated with the performing artist. The content may
then be pushed to the decoding device that originally sent the coded identifier. The
user will then be able to access the content via their decoding device. Thus, in the
illustrated embodiment, the decoding device passively detected the inaudible signal,
extracted the coded identifier, transmitted the coded identifier and received affiliated

content without any input or interaction from a user.

[0042] In some embodiments, the particular content delivered to a decoding
device may be function of where the device is geographically located. In other
words, decoding devices in a first city that passively detect a certain inaudible signal
may receive a first piece of content while decoding devices in a second city that
detect the same inaudible signal may receive a second piece of content.
Additionally, the content delivered to the decoding device may depend on other
triggers, such as whether the decoding device is moving (in a car), the time of day,

user preferences, and so forth.
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[0043] The content received by the decoding device may be stored, arranged,
and viewed in any suitable configuration. The content may be viewed at the time of
receipt or at a later point in time. In one embodiment, content is delivered to an
electronic mailbox associated with the user. In one embodiment, content is delivered
to an application or module that is executable by the decoding device. A user can
execute the application and access the content. As is to be appreciated, the content
can be sorted in any suitable hierarchy or schema. In some embodiments, “locked”
content may be displayed to the user through the application. In order to unlock the
content, the user must, for example, satisfy certain parameters or thresholds. The
thresholds may relate to a total number of listens, a geographic location, and so
forth. In any event, when content is received by the decoding device, a notification
may be provided to the user by the decoding device. In one embodiment, upon
receiving the notification, the user can then navigate the associated application to

view the content received.

[0044] Inaudible signals may, in one embodiment, be embedded in audio
songs. The disclosure herein, however, is not so limited. In fact, the systems and
methods described herein may be used across a wide variety of platforms and
implementations. For example, the passive detection routines described herein can
be used to detect inaudible signals associated with television shows, commercials,
movies, and the like. In some embodiments, the passive detection routines
described herein can be used to detect stand-alone inaudible signals that are not
embedded in audio signals. Such stand-alone inaudible signals may be transmitted
in, for example, commerce/shopping environments, business environments, music
venues, entertainment venues, or any other suitable environments or venues.
Decoding devices may also be configured to transmit inaudible signals using its on-
board speaker, for example. The inaudible signal may be received and processed
by other decoding devices positioned proximate the transmitting decoding device. In
any event, upon passively detecting the inaudible signal and providing an indication
of the inaudible signal to a content management system, particular content can be
delivered to the decoding device in accordance with the systems and methods

described herein.
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[0045] Figure 2A illustrates a data transmission format suitable for a fixed
length inaudible beacon of the type contemplated by the present invention. This
format constitutes an approximately two second sequence of 52 symbols, each
symbol comprising 40 milliseconds of radiated sound. The full set of 52 symbols will

hereafter be referred to as a beacon iteration 1000.

[0046] Within the beacon iteration 1000, the first four symbols 1002 are a
static beginning sequence that is used to locate the start over transmitted beacon
iteration. The next four symbols 1004 comprise an alignment sequence, also of static
symbols, that enable temporal alignment of the remaining symbols (see below). The
following four symbols 1006 are used to identify an encoding version used by the
beacon iteration, which enables future modification of the encoding method of the
beacon interaction while maintaining reverse compatibility. The next eight symbols
comprise an error detecting codeword 1008 which is created from the 40 symbols in
sections 1004 through 1016, which are used to detect transmission errors as
described below. The subsequent 16 symbols comprise a data word 1010 which is
the content transmitted by the beacon iteration. The following four symbols comprise
a data source identifier 1012 indicating the source (e.g. publisher) of the transmitted
content. The subsequent eight symbols comprise a sequence number 1014 which is
used to sequentially identify beacon iteration transmissions as they are transmitted --
content is typically transmitted in a sequence of iterations which includes repeating
transmissions. (Repeating transmissions permit greater error resilience.) The final
four symbols 1016 are unused in the format shown in Fig. 2A; these symbols may be
used to hold additional or expanded data in possible future applications using
different beacon iteration encoding versions.

[0047] As illustrated in Figure 2B, each symbol comprises 1764 samples of
audio data sampled at 44.1 kHz, which extends for 40 milliseconds at a 44.1 kHz
audio sampling rate. The 1764 samples that comprise a symbol encode an audio
tone at a frequency in the range of 18.7 - 19.4 kHz, which is generally inaudible to

humans.

[0048] The data value represented by a symbol is indicated by the specific
audio frequency encoded into the 1764 samples of the symbol. In one embodiment,

14
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four two-bit data values ranging from 00 to 11 are encoded by symbols using the
frequencies 18.7 kHz (1020), 18.8 kHz (1022), 18.9 kHz (1024) and 19.0 kHz (1026).

[0049] In an alternative embodiment seen in the last row of Fig. 2B, three bits
of data ranging from 000-111 may be encoded by symbols using the four
frequencies noted above and the additional four frequencies at 19.1 kHz (1028), 19.2
kHz (1030), 19.3 kHz (1032) and 19.42 Hz (1034).

[0050] Referring Figure 4, a process which may be used to decode a beacon
iteration as described above includes a number of steps, implemented upon raw
pulse code modulated (PCM) data obtained from a microphone or other source. The

raw PCM data is stored into an internal first in first out (FIFO) buffer.

[0051] Data is accumulated in the FIFO buffer until a sufficient amount of data
is available to begin analyzing the data to find beacon iterations. In step 1040 a
prefix template corresponding to the prefixes used by transmitted beacon iterations
is correlated to approximately 2 seconds of data in the FIFO, to attempt to identify
the beginning location of a beacon. The location in the FIFO which correlates best to
the prefix template is stored as a first time offset; this time offset is a candidate for

the beginning of a received beacon iteration in the FIFO.

[0052] In step 1044 for a correlation operation is repeated for a second length
of approximately 2 seconds of data in the FIFO, attempting to identify a second time
offset which has the highest correlation to the prefix template. After the steps, in step
1046 the time offsets obtained in steps 1042 and 1044 are compared to determine if
they are spaced by approximately one beacon iteration length. If not, in step 1050
the data in the FIFO is advanced to the point of the first offset to continue to search

for an iteration in subsequent data in the FIFO.

[0053] If in step 1048 the two located offsets are spaced by one iteration's
length, then instep 1048 further correlation is performed through the buffer seeking
to find a third time offset which is best correlated to the prefix template. When this is
obtained, the spacing of the second and third offset are evaluated to determine if
they also correspond to the length of one beacon iteration. If not, then in step 1050
the data in the FIFO is advanced and processing returns to step 1044.
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[0054] In the event that the above correlation operations have located three
offsets spaced approximately the proper interval, then it is likely that beacon
iterations have been received and can be decoded. In this event in step 1052 the
data in the FIFO is rewound to the earliest available offset to begin evaluating the

data for begin iteration symbols.

[0055] To decode each symbol in a beacon iteration, a fine time alignment
process is performed to discretely identify the time locations of transmitted symbols.
In step 1054, a time window of five sample lengths immediately following the
identified location of the received prefix 1002 is decoded. This time window is
decoded into sub intervals, each of which is correlated to the expected static
alignment symbols 1004 (Fig. 1); the greatest correlation is assumed to be where the
static alignment symbols are precisely located. This time reference may then be
used to select the exact location of the subsequent symbols from the received

beacon iteration.

[0056] After fine timing alignment, the remaining 48 symbols of the beacon
iteration are then analyzed to identify the data values of those symbols. This process
analyzes each symbol by breaking the symbol into 10 subsegments, each
comprising 441 samples (see Fig. 3). Each of the 10 subsegments is then passed
through Goertzel filtering algorithms to measure the amount of signal power in the
subsegment that appears at each of the, e.g., four symbol frequencies being used in
the encoding method. In the illustrated embodiment, four encoding frequencies are
used, encoding symbol values 00, 01, 10, and 11, and so each sub segment is
passed through four filtering algorithms to identify the signal power at each of the
four frequencies that are used to encode symbols. In other embodiments a greater
number of frequencies, e.g., 8 frequencies, may be used to encode symbols, and

detected by corresponding Goertzel filters.

[0057] As part of evaluating all of the subsegments of a symbol through steps
from 1056 through 1060, the resulting signal power values generated for each of the
(four) candidate frequencies are combined in a sum-of-squares methodology, to
generate an overall value for the entire symbol interval that is reflective of how much
signal power exists in the entire interval at a candidate frequency. These sum of
square values can be compared to determine which of the candidate frequencies
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has the greatest signal power for the entire symbol interval. Specifically, at step
1062, the largest sum of squares value is used to determine the current symbol
value. Processing then moves to the next symbol to be analyzed in the same
methodology.

[0058] After all symbols have been analyzed, processing continues to step
1064 in which error detection is performed upon the resulting 48 symbols, using the
error detection code symbols obtained from section 1008 of the beacon iteration. If
the error detection coding indicates that there are no errors, then the resulting

symbols are delivered to the client application and step 1066.

[0059] If, however, an error is detected, then the symbols of the beacon
iteration are discarded, and processing will continue to step 1068, where it is
determined whether the previous set of symbols (corresponding to the previously
decoded beacon iteration) were also determined to be in error. If not, processing will
continue to step 1052 and attempt to decode symbols of the subsequent beacon
iteration. If, however, two beacon iteration intervals in a row have decoded into
erroneous data, then it may be concluded that there is no beacon transmission, or
the timing of the transmission has become erroneous, and in this case processing
proceeds from step 1068 to step 1042 to reinitiate the process of searching for and

synchronizing to future beacon iterations.

[0060] Figure 5 illustrates beacon iteration 2000 using a variable length data
transmission format that is also suitable for an inaudible beacon of the type
contemplated by the present invention, but which differs from the beacon iteration
1000 of Fig. 1 in that a variable length payload can be transmitted by this format, and
the format incorporates greater redundancy coding to enable greater robustness of
data transmission. This format constitutes between 30 and 1554 transmitted
symbols, each symbol comprising 36 %5 milliseconds of radiated sound, for a total
beacon iteration length of between 1.1 and 57 seconds. The full set of symbols will

hereafter be referred to as a beacon iteration 2000.

[0061] Within the beacon iteration 2000, the first six symbols 2002 are a static
beginning sequence that is used to locate the start over transmitted beacon iteration
(see Fig. 7A, below). The next six symbols 2006 provide a 12-bit value that identifies
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an encoding version used by the beacon iteration, which enables future modification
of the encoding method of the beacon interaction while maintaining reverse
compatibility.

[0062] The next six symbols in the beacon iteration 2000 comprise a header
length field 2008, indicating the length of the beacon payload, which in this
embodiment is a number of bytes between 1 and 255, which requires, as noted,
between 6 and 1530 symbols using the encoding methods described below with
reference to Figs. 7B, 7C and 7D. The header length field 2008 may, for example,
comprise six symbols or 12 bits, which encode an 8-bit value between 1 and 255
representing the length (in bytes) of the payload. This 8 bit value may, for example,

be encoded in 12 bits using a 2/3 error correcting code.

[0063] Immediately following the header length field 2008 are six symbols
2009 which comprise a header cyclic redundancy check (CRC) field, including
redundancy bits providing redundancy for the header version field 2006 and header
length field 2008. Error correcting coding uses a 2/3 cyclic redundancy encoding,
providing a high level of data integrity, which is important to this format particularly
because inaccurate payload length information can cause the erroneous loss of

many beacon payloads.

[0064] Following the header fields 2006, 2008 and 2009, is the payload 2010
which, as noted, encodes a payload of between 1 and 255 bytes, using between 6
and 1530 symbols, for example by the use of coding methods described below with
reference to Figs. 7B, 7C and 7D.

[0065] As illustrated in Figure 6, each symbol comprises 1617 samples of
audio data at a 44.1 kHz sample rate, or 1760 samples of audio data at a 48 kHz
sample rate, generating an audio tone over a period of 36% milliseconds. The 1617
or 1760 samples that comprise a symbol encode an audio tone at a frequency in the

range of 18.7 - 19.2 kHz, which is generally inaudible to humans.

[0066] The data value represented by a symbol is indicated by the specific
audio frequency encoded into the 1617/1760 samples of the symbol. In one
embodiment, each symbol encodes a 2-bit value, and four such 2-bit values ranging
from 00 to 11 are encoded by symbols using the frequencies 18.7 kHz (2020), 18.8

18



WO 2016/061353 PCT/US2015/055738

kHz (2022), 18.9 kHz (2024) and 19.0 kHz (2026). Notably, the symbol values are
encoded in the sequence 00, 01, 11, 10, so that the Hamming distance between
symbols using adjacent frequencies is only 1 bit, which increases the error correction
effectiveness; specifically, a mis-decode into an immediately adjacent frequency will
cause only a one bit mis-decode of the symbol, whereas due to the error correction

coding uses, two bit errors are required in a symbol to cause a miscode.

[0067] The two highest frequencies of 19.1 kHz and 19.2 kHz are used to
encode symbol values which are used only in the prefix field 2002, thus aiding in the
separate detection of prefixes; the 19.1 kHz frequency is used for a “prefix_low”
symbol and the 19.2 kHz frequency is used for a “prefix_high” symbol, as discussed

next with reference to Fig. 7A.

[0068] Figure 7A shows the format of a symbol prefix 2002, which includes six
symbols which spans a 220 millisecond period. The format of the prefix is three
“prefix_high” symbols followed by three “prefix_low” symbols. Because the
“prefix_high” and “prefix_low” symbols use frequencies that are outside the range
used for data symbols, they are made more readily detected for beacon iteration
synchronization and capture, as described below with reference to Fig. 8.

[0069] Figures 7B, 7C and 7D illustrate the payload formats for a 1-byte, 6-
byte and 32-byte payload format, identified as 2010a, 2010b and 2010c,
respectively. Other formats are contemplated by the present invention, for example
by extension of the formats shown in these figures. Each format includes a 12
symbol (24 bit) cyclic redundancy check (CRC) code for the data included in the
payload. Further, the content of the payload includes an appropriate number of
symbols to encode the bytes of the payload, using a 3/2 error correcting coding.
Thus in a 1 byte payload 2010a, the content comprises 6 symbols, or 12 bits,
encoding an 8-bit byte of content. A 6 byte payload 2010b provides content in 36
symbols, or 72 bits, encoding 6 8-bit bytes of content using a 3/2 error corroding
coding. Finally, in a 32 byte payload 2010c, the content comprises 192 symbols, or

384 bits, encoding 32 8-bit bytes of content using 3/2 error correction coding.

[0070] Referring now to Figure 8, a process which may be used to decode a
variable length beacon iteration as described above includes a number of steps,
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implemented upon raw pulse code modulated (PCM) data obtained from a
microphone or other source. The raw PCM data is stored into an internal first in first
out (FIFO) buffer.

[0071] Data is accumulated in the FIFO buffer until a sufficient amount of data
is available to begin analyzing the data to find a beacon iteration header. In step
2040 a prefix template corresponding to the prefixes used by transmitted beacon
iterations is correlated to data in the FIFO approximately equal to the length of a
beacon, to attempt to identify the beginning location of a beacon. The location in the
FIFO which correlates best to the prefix template is identified (step 2042), and the
peak correlation at that locate is compared to a threshold. If the threshold is not met,
then the data in the FIFO is deemed to not include a beacon header, and the FIFO is
advanced (step 2050). If, however, the peak correlation to the prefix template
exceeds the threshold for recognition, then in step 2054 the symbols of the header
are found accurately, e.g., through a step of fine decoding subintervals over several
symbol lengths (step 2054) in a manner similar to that described above with
reference to Figs. 3 and 4. This will find the times of the symbol boundaries, as a
consequence of which, in step 2064 the header may be decoded to obtain a version
and header length content identifying the number of bytes in the payload following
the header. Thereafter, symbols are decoded from the payload, using error
correcting coding and redundancy codes to correct errors (step 2064). So long as
there are additional symbols to decode (step 2068) this process continues. |If there
is an error, the process returns to step 2042 to search for a new beacon interval
prefix. After all symbols of the payload are decoded in step 2064, the resulting
content is delivered to the client application (step 2066) and the process returns to

step 2042 to search for a new beacon interval prefix.

[0072] As described herein, a software application may be executed on a
decoding device to allow a user to access and store content received from the
content management system. The application may also allow a user to provide user
preferences to the content management system. As is to be appreciated, the

application may be structured in a number of ways.

[0073] In general, it will be apparent to one of ordinary skill in the art that at
least some of the embodiments described herein may be implemented in many
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different embodiments of software, firmware, and/or hardware. The software and
firmware code may be executed by a processor or any other similar computing
device. The software code or specialized control hardware that may be used to
implement embodiments is not limiting. For example, embodiments described herein
may be implemented in computer software using any suitable computer software
language type, using, for example, conventional or object-oriented techniques. Such
software may be stored on any type of suitable computer-readable medium or
media, such as, for example, a magnetic or optical storage medium. The operation
and behavior of the embodiments may be described without specific reference to
specific software code or specialized hardware components. The absence of such
specific references is feasible, because it is clearly understood that artisans of
ordinary skill would be able to design software and control hardware to implement
the embodiments based on the present description with no more than reasonable

effort and without undue experimentation.

[0074] Moreover, the processes associated with the present embodiments
may be executed by programmable equipment, such as computers or computer
systems and/or processors. Software that may cause programmable equipment to
execute processes may be stored in any storage device, such as, for example, a
computer system (nonvolatile) memory, an optical disk, magnetic tape, or magnetic
disk. Furthermore, at least some of the processes may be programmed when the
computer system is manufactured or stored on various types of computer-readable

media.

[0075] It can also be appreciated that certain process aspects described
herein may be performed using instructions stored on a computer-readable medium
or media that direct a computer system to perform the process steps. A computer-
readable medium may include, for example, memory devices such as diskettes,
compact discs (CDs), digital versatile discs (DVDs), optical disk drives, or hard disk
drives. A computer-readable medium may also include memory storage that is

physical, virtual, permanent, temporary, semipermanent, and/or semitemporary.

[0076] A “computer,” “computer system,” “host,” “server,” or “processor’ may
be, for example and without limitation, a processor, microcomputer, minicomputer,

server, mainframe, laptop, personal data assistant (PDA), wireless e-mail device,
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cellular phone, pager, processor, fax machine, scanner, or any other programmable
device configured to transmit and/or receive data over a network. Computer
systems and computer-based devices disclosed herein may include memory for
storing certain software modules used in obtaining, processing, and communicating
information. It can be appreciated that such memory may be internal or external with
respect to operation of the disclosed embodiments. The memory may also include
any means for storing software, including a hard disk, an optical disk, floppy disk,
ROM (read only memory), RAM (random access memory), PROM (programmable
ROM), EEPROM (electrically erasable PROM) and/or other computer-readable

media.

[0077] In various embodiments disclosed herein, a single component may be
replaced by multiple components and multiple components may be replaced by a
single component to perform a given function or functions. Except where such
substitution would not be operative, such substitution is within the intended scope of
the embodiments. Any servers described herein, for example, may be replaced by a
“server farm” or other grouping of networked servers (such as server blades) that are
located and configured for cooperative functions. It can be appreciated that a server
farm may serve to distribute workload between/among individual components of the
farm and may expedite computing processes by harnessing the collective and
cooperative power of multiple servers. Such server farms may employ load-
balancing software that accomplishes tasks such as, for example, tracking demand
for processing power from different machines, prioritizing and scheduling tasks
based on network demand and/or providing backup contingency in the event of

component failure or reduction in operability.

[0078] The computer systems may comprise one or more pProcessors in
communication with memory (e.g., RAM or ROM) via one or more data buses. The
data buses may carry electrical signals between the processor(s) and the memory.
The processor and the memory may comprise electrical circuits that conduct
electrical current. Charge states of various components of the circuits, such as solid
state transistors of the processor(s) and/or memory circuit(s), may change during

operation of the circuits.
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[0079] While various embodiments have been described herein, it should be
apparent that various modifications, alterations, and adaptations to those
embodiments may occur to persons skilled in the art with attainment of at least some
of the advantages. The disclosed embodiments are therefore intended to include all
such modifications, alterations, and adaptations without departing from the scope of

the embodiments as set forth herein.
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CLAIMS

1. A method of encoding a binary message into a human-inaudible acoustic
signal for delivery as audio content to a recipient, comprising:

a. encoding the binary message into a sequence of symbols selected
from a group of four or more symbols, each symbol enceding a series of two or
more logical bits and associated with frequency characteristics in frequency ranges
outside a common range of human hearing;

b. generating audio samples of a digitized version of the sequence of
samples using the frequency characteristics associated with the symbols;

c. providing the audio samples for playback by an audio device.
2. The method of claim 1 further comprising receiving a message generated

using the decoded human-inaudible acoustic signal and in response thereto
delivering content for presentation to a user.

3. The method of claim 2 wherein the message comprises one or more of: time
data, date data, accelerometer data, geographic data, demographic data, content
delivery device data, and content delivery device user data.

4, The method of claim 2 wherein the content is provided by a content
management system and said content is delivered with an indication of a
presentation time after the time of receipt.

5. The method of claim 1 wherein the acoustic signal is at a frequency at one or
more of below 30 Hz and above 18 kHz.

6. The method of claim 1 wherein the human-inaudible symbols include a count
of a number of symbols included in the human-inaudible acoustic signal.

7. The method of claim 1 wherein the binary bits encoded by the symbols are
selected to produce a Hamming distance of one bit transformation between symbols
associated with adjacent frequencies.

8. The method of claim 1 wherein the encoding comprises the use of one or
more of forward error correction and cyclic redundancy coding.
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