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MAPPING POSITIONS OF DEVICES USING AUDIO

BACKGROUND

i The speed of sound is generally constant assuming standard temperature and pressure
at 340.29 w/s. A variety of technigues exist for utilizing audio to deterraine a position to an
object. For example, sonar deterimines a range to an object by emitting one or more pulses of
sound and listening for an echo. As another example, the distance between two locations may be
estimated using ultrasonic and radio pulses in tandem, based upon the time difference in arrival

between the audio chirp and the radio chirp, which travels at the speed of light.

BRIEF SUMMARY

121 According to an implementation of the disclosed subject matter, a system s provided
that includes a first mobile device that is configured to emit a first chirp at a first time reference.
The first mobile device may be configured to reccive a first audio signal and detect a second
chirp from a second mobile device at a second time reference within the first audio signal. It may
obtain an indication of a first distance between the first mobile device and the second mobile
device based oun the first time reference, the sccond time reference, a third fime reference, and a
fourth time reference. The third time reference may correspond to when the second mobile
device eruits the secound chirp and the fourth time reference may correspond to when the second

mobile device receives the first chirp.

{3 o an implementation, a first audio signal may be received from a first mobile device.
A second audio signal may be received from a second mobile device. A first tite reference
corresponding to a first chirp from the first mobile device may be determined in the first audio
signal. A second time reference corresponding to a second chirp from the second mobile device
may be determined o the fust audio sigual. A third fime reference corresponding to the first
chirp from the second mobile device may be determined in the second andio signal. A fourth

time reference corresponding to the second chirp frova the second mobile device may be
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determined in the second audio signal. A first distance between the first chirp and the second
chirp may be determined based ou the first time reference and the second tivae reference. A
second distance between the first chirp and the second chirp may be determined based on the
third time reference and the fourth time reference. The first distance may be compared to the
second distance. A distance calculation may be provided to the first mobile device and the

second mobile device.

141 An advantage of the disclosed systems and methods 1s that the caleulation can
determine relative orientation of a plurality of devices. The disclosed implementations also
provide a distance determination between two or more devices without custon hardware or
additional hardware besides that which is typically included n a swoartphone. Additional
features, advantages, and implementations of the disclosed subject matter may be set forth or
apparvent from consideration of the following detailed description, drawings, and claims.
Moreover, it is to be understood that both the foregoing summary and the following detailed
description provide examples of implementations and are intended to provide further explanation

without imiting the scope of the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

{5 The accompanying drawings, which are included to provide a further understanding
of the disclosed subject ruatter, are incorporated in and constitute a part of this specification. The
drawings also illustrate implementations of the disclosed subject matter and together with the
detailed description serve to explain the principles of implementations of the disclosed subject
matter. No attempt is made to show structural details in roore detail than may be necessary for a

fundamental understanding of the disclosed subject matter and various ways in which it may be

practiced.

{6} FIG. 1 shows a computer according to an implementation of the disclosed subject
maiter.

{7} FIG. 2 shows a network configuration according to an implementation of the

disclosed subject matter.
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{8} FIG. 3 is an example system for determining the distance between two or more device

according to an implemeuntation disclosed herein.

{9] FIG. 4 18 an exarople of how time references are associated with chirp detection or

emission according to an implementation disclosed herein.

{1161 FIG. 5 is an example method for determining the distance between two or more

devices as disclosed herein.

i1 FIG. 6 15 an cxample configuration of devices that may be used to determine

orientation of one device relative to two other devices according to an implementation disclosed

herein.
DETAILED DESCRIPTION
{12} Disclosed 18 a way to determinge the distance and orientation between two or maore

devices. As stated earlier, the speed of sound 1s generally constant. As an exaraple, an
application may be launched that coordinates the audie “chirp” for cach device, devices A and B.
The chirps may be sumilar in length and sound, and/or the chirps maay be activated manually by a
user controlling the device. Device A may receive an indication that it has emitted a chirp at time
0 or at sample § and reccive device B's chirp at time 4.5 scconds later, .o, 4.5 seconds after the
first chirp is emitted by A. Device B may emit its chirp at time O and receive deviee A’s chirp 1.5
seconds carlier, L.e., at a time -1.58 relative to the time Device B emitted its chirp. By comparing
the interval between chirps as detected by each device, the distance between the devices may be
known. For example, the average between the two devices in this example is (4.5s5 - -1.58)y/2 = 35,
which way be multiplied 340.29 meters/second to deterrmine the distance between device A and

device B. Devices A and B are approximately 1020m apart in this example.

{13} Digital audic may be sampled at one sample every 44,100% of 3 second. In an
implementation the speed of sound and digital saraple rate may be used to determine a distance
and/or orientation between two or more devices with an audio “chirp.” Devices A and B may
provide saraple time indications instead of raw tirne as used 1 the above example. To tllustrate,

Device A may receive an indication that it has emitted a chirp at sample time ¢ and it may
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recetve Device B's chirp at sample time 1000. The sample time may refer to the number of
samples in a digital audio stream. In this example, 1000 saraples of the digital audio have been
made between Device As indication of a chirp and Device B's chirp being received by Device
A. Device B may receive an indication that it has emitted a chirp at saraple time 0 and it may
have received or detected Bevice A’s chirp at sample time -850, i.¢., Device B sampled Bevice
A’s chirp 950 samplcs before it received an indication that Device B had emitted a chirp. To
determine the distance between the devices, the sample interval, corresponding to the difference
between when an indication of a chirp was received from a first device and the time at which a
chirp was detected or received by a second device, may be determined. For Device A the
distance calculation is: (1,000 samples — O samples) x 1 sample/ 44,100 seconds x 340m/s =
7.7va. For Device B, the distance calculation 1s: {0 samples — -950 samples) x 1 sarople/ 44,100
seconds x 340m/s = 7.3m. The average between the two distance calculations may be utilized or
onc device’s distance calculation may be used in licu of another’s. The use of saroplc times to
determine time differences may be useful, for example, when a remote server or other third
device calculates time differences and/or distances between devices. In this case, the remote
server or other device may be provided only audio files that include or are believed to include
one or more chirps, and an indication of the sample rate of the audio file, which often may be
encoded or embedded within the audio file wself The server thus may quickly determine time
differences based upon the number of samples occurring between chirps, without the need for
other devices o track separately the time at which chirps occur. Such a configuration also way
allow for configurations in which devices other than the remote server or similar device detects
chirps within audio samples, and the devices capturing the audio samples are not configured to

perform chirp detection.

{14] In the event that three devices are utilized, a relative orientation of the three devices
may be determined. The three devices, for example, form the nodes of a triangle in space. The
distance between device A and devices B and € may be 3 meters and 4 meters respectively, The
distance between devices B and € may be 5 meters. Based on this information alone, however, it
is unclear whether device C is to the “right” or “left” of device B relative to device AL Several
methods are provided herein to determine the relative orientation of device C as compared to
devices A and B. Devices B and C may be pointed at device A and directional data availabic to

the devices, such as from built-in compass components, may be used to determine which



WO 2015/117064 PCT/US2015/014073

direction they are pointed. As another example, a stereo microphone may be used to measure the
difference wn aroplitude between the left and night channels to determine whether a device s to
the left or the right of the receiving device. Similarly, a sterco microphone may be simulated by
taking two or more measurements. For example, a first measurement ray be made while
pointing device C at device A. Device € may be moved slightly to the left or right and the
process may be repeated. Distance calculations may be performed to determune relative

orientation of Device C to Device A.

{15} Iplementations of the presently disclosed subject matter may be mplemented in and
used with a variety of component and network architectures. FIG. 1 is an example computer 20
suitable for imaplementations of the presently disclosed subject roatter. The coraputer 20 mnchades
a bus 21 which interconnects major components of the computer 20, such as a central processor
24, a memory 27 (typically RAM, but which may also include ROM, flash RAM, or the like), an
input/output controller 28, a user display 22, such as a display screen via a display adapter, a user
input interface 26, which may include onc or more controllers and associated user input devices
such as a keyboard, mouse, and the like, and may be closely coupled to the /O controller 28,
fixed storage 23, such as a hard drive, flash storage, Fibre Channel network, SAN device, SCS1
device, and the hike, and a removable media component 25 operative to control and receive an

optical disk, flash drive, and the like.

{16} The bus 21 allows data communication between the central processor 24 and the
memory 27, which may include read-only memory (ROM) or flash memory (neither shown), and
random access memory {RAM) (not shown), as previously noted. The RAM is generally the
roain memory into which the operating system and application prograras are loaded. The ROM
or flash memory can coutain, among other code, the Basic Input-Ohatput systemy (BIOS) which
controls basic hardware operation such as the interaction with peripheral components.
Applications resident with the coraputer 20 arve generally stored on and accessed via a computer
readable medium, such as a hard disk drive {e.g., fixed storage 23), an optical drive, floppy disk,

or other storage medium 25,

17 The {ixed storage 23 may be integral with the computer 20 or may be separate and
£ ¥ g { ) !

accessed through other interfaces. A network interface 29 may provide a direct connection to a
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remote server via a telephone link, to the Internet via an internet service provider (ISP), or a
divect connection to a remate server via a direct network link to the Internet via a POP (point of
presence) or other technigue. The network interface 29 may provide such connection using
wircless techniques, mcluding digital cellular telephone connection, Cellular Digital Packet Data
{CDPD) connection, digital satellite data connection or the like. For example, the network
mterface 29 may allow the computer to communicate with other corputers via one or more

local, wide-area, or other networks, as shown in FIG. 2.

1%} Many other devices or components {not shown) may be connected in a similar
manner {¢.g., document scanners, digital cameras and so on}. Conversely, all of the components
shown in FIG. 1 need not be present to practice the present disclosure. The components can be
interconnected in different ways from that shown. The operation of a computer such as that
shown in FIG. 1 18 readily kuown in the art and 1s not discussed in detail in this application. Code
to implement the present disclosure can be stored in computer-readable storage media such as
onc or more of the mernory 27, fixed storage 23, removable media 25, or on a remote storage

location.

{19} FIG. 2 shows an example network arrangement according to an implementation of the
disclosed subject matter. One or more clients 10, 11, such as local computers, smart phones,
tablet computing devices, and the like may conpect to other devices via one or more vetworks 7.
The network may be a local network, wide-area network, the Internet, or any other suitable
comurunication network or networks, and may be implemented on any suitable platform
including wired and/or wireless networks. The clients may communicate with one or more
servers 13 and/or databases 15, The devices may be directly accessible by the clients 10, 11, or
one or more other devices may provide intermediary access such as where a server 13 provides
access to resources stored in a database 15, The clients 10, 11 also may access remote platforms
17 or services provided by remote platforms 17 such as cloud computing arrangements and

services. The remote platform 17 may include one or more servers 13 and/or databases 15.

{28} More generally, various implementations of the presently disclosed subject matter
roay include or be implemented in the form of computer-implemented processes aud apparatuses

for practicing those processes. Implementations also may be implemented in the formof a
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computer program product having computer program code containing instructions implemented
in non-transitory and/or tangible media, such as floppy disketies, CB-ROMs, hard drives, USB
{universal serial bus) drives, or any other machine readable storage medium, wherein, when the
computer program code s loaded into and executed by a computer, the computer becomes an
apparatus for practicing implementations of the disclosed subject matter. Implementations also
rnay be impleraented in the form of computer program code, for example, whether stored in a
storage medium, loaded into and/or executed by a computer, or transmitted over some
transmission medium, such as over clectrical wiring or cabling, through fiber optics, or via
electromagnetic radiation, wherein when the coraputer program code is loaded into and executed
by a computer, the computer becomes an apparatus for practicing implementations of the
disclosed subject roatter. When iraplemented on a general-purpose microprocessor, the
computer program code segments configure the microprocessor to create specific logic circuits.
In some configurations, a sct of computer-readable nstructions stored on a computer-readable
storage medium may be implemented by a general-purpose processor, which may transform the
general-purpose processor or a device containing the general-purpose processor mnto a special-
purpose device configured to imaplement or carry out the instructions. Implementations may be
implemented using hardware that may include a processor, such as a general purpose
microprocessor and/or an Application Specific Integrated Circust (ASIC) that iroplements all or
part of the technigques according to implementations of the disclosed subject matter in hardware
and/or firmware. The processor may be coupled to roemory, such as RAM, ROM, flash memory,
a hard disk or any other device capable of storing electronic information. The memory may store
instructions adapted fo be exccuted by the processor to perforrn the techniques according to

implementations of the disclosed subject matter.

{21] o an implementation, an example of which is provided in Fig. 3, a system is provided
that includes a first mobile device 316, The mobile device 318 may be, for cxample, a
smartphone, a tablet, or a laptop. The mobile device 318 includes at least a processor, a
microphone, and a speaker. In some configurations, more than one microphone may be utilized
to receive an audio signal. The first mobile device raay be configured to emit a fivst chirp and
recetve a first indication of the first chirp at a first time reference 312, For example, the
PrOcessor may note a raw time value or a sample tivae value that corresponds to when the chirp

was emitted from the first device. In some configurations, the first mobile device may begin a
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counter once it enits the first chirp and stop the counter once it detects a chirp from the second
device. Inttialization of the counter may constitute receiving a first indication of the first chirp at
a first time reference as disclosed herein. In some configurations, the mobile device may activate
its rotcrophone prior to emutting the fivst chirp. The audio recorded by the wicrophoune may be
analyzed, for example by the mobile device, to determine the timings of the first chirp and/or the
second chirp. In such a configuration, the mobile device docs not require clock synchronization

with the device that emits the second chirp.

{22} A chirp may refer to a brief andio pulse that, in some instances, can be repeated. A
chirp may differ from another chirp {e.g., a first chirp and a second chirp} in at least one audio
quality. An audio quality may refer to, for example, a frequency, a duration of chirp, and/or a
pattern of chirp. In some cases, a “chirp” may refer to a repeated audio pulse of a specific type, a

known fluctuation or variation in a continuous or semi-continuous audio signal, or the like.

23] A microphone on the first mobile device 316 roay be utilized to receive a first audio
signal. A second indication of a second chirp 324 from a second mobile device 328 at a second
tirae refercnce may be received or detected within the first audio signal at 314, For example, the
presence of the second chirp in the first audio signal may be detected and the second time
reference corresponding thereto may be determined by the processor. An indication may be a
signal to start recording an audio signal on the fivst mobile device in some configurations. If an
application is coordinating the first mobile device and the second mobile device, the application
may signal a start and stop tivoe for sending and recording audio to both devices. Thus, the
second time reference corresponding to the second chirp in the first audio signal may be
separately determined from the third time reference corresponding to the sccond chirp in the
second audio signal. For example, the first device may receive an indication that the second
device has ernitted the sccond chirp. A remote server may determine the time reference within
the first audio signal at which the second chirp was received by the first device. As stated earlier,
a time reference may refer to a raw time value {¢.g., presented in seconds, minutes, ete.}or a
sample fime value corresponding to the nurnber of digital saraples taken during an interval of

tirne. The sample time value may be converted to a raw time value as needed.
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{24] As an example, the first mobile device 31# and the second mobile device 328 may
cach operate an application that instructs the other device to eroit a chirp ot that automatically
causes cach device to emit a chirp. The application may coordinate the frequency, duration,
pattern, and/or Himing of the first and/or second chirps with cach device wmvolved or cach device
within a specified proximity that is concurrently operating the application. In some cases, a user
rnay ping a friend or other user to activate the application by, for example, sending the other user
a text, email, etc. The two mobile devices may communicate directly with one another, such as
through the application, or they may not communicate further with one another and utilize a

remote server for processing of the audio signals and/or chirp time refercoce data.

{25] The first audio signal may be uploaded 316 to a remote server 338 for determination
of the distance between the first chirp and the second chirp. The second mebile device 328 may
also upload its andio signal 326 to the server 338 for processing. The remote server 338 may
determine time references in each of the first andio signal and the second audio signal
corresponding to cach instance of a chirp being emitted or detected in the respective audio
signals 332. The server may then provide an indication of the corresponding time references to
the mobile devices or it may provide an indication of a distance between the first deviee and the

second device.

{26} Detecting the fivst chirp 312 and/or the second chirp 324 and/or the first time
reference and/or second time references corresponding thereto in the first audio signal may be
performed by the rewote server by analyzing the first audio signal for a chirp. An indication of a
time reference corresponding to when a chirp was made by a particular device may be sent to the
server in licu of having the server detect the time of when a chirp was emitted by the device. In
some instances, the server may be made aware of a chirp’s frequency, duration, approximate
tirne 1t was made, or other audio qualitics. For exarmple, the first mobile device may transmit a
message to the server when it emits the fivst chirp. In sowe instances, the server may direct a
scan of an audio signal for a chirp in a particular frequency around a particular time. In instances
where the server does vot have wmformation about the chirp, it may discern a chirp using pattern
recognition software. In some configurations, the server may determine what constitutes
background noises in an audio signal and filter out such sounds to determine the tirne reference

of a gtven chirp.
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{27} As stated above, the speed of sound is constant assuming a standard temperature and
pressure. Using the speed of sound, the sample rate for a digital audio signal, and the sample or
tirne references of two chirps corresponding to when a chirp was emitted or received by either
mobile device, the server may calculate the distance between two devices {e.g., the first mobile
device and the second mobile device} 332, In some instances, the server may receive the second
audio signal from the second mobile device. Thus, the server may be in communication with an

application operating on cach of the first mobile device and the second mobile device.

[ 28] In some configurations, the first mobile device 318 may perform the calculation of
the distance between itself and the second device using the first audio signal and/or the second
audio signal from the second device 318, In such a configuration, the second mobile device may
send the first mobile device, directly or indirectly, the second audio signal 328. The second audic
signal may contain a third reference and a fourth veference that correspond to the time at which
the second mobile device emits the second chirp 324 and the time at which the second mobile
device 328 detects or recetves an indication of the first chirp 322 from the first mobile device
318, In some configurations, the second device may perform some preprocessing of the second
audio signal and may send a starting position for cach of the chirps based on the pre-processing.
Other devices roay hikewise perforro such preprocessing and, for example, send starting positions
of chirps detected in an audio signal to a server for a distance computation. Thus, in some
configurations, the first mobile device may be configured to receive the third time reference and
the fourth time reference, the second audio signal, and/or an indication of chirps detected or
emitted i the second audio signal. The second mobile device 328 may be configured to send a
third indication and a fourth indication of the third time reference and the fourth time reference,
respectively, to the first roobile device or to a remote server. The third time reference may
correspond to when the second mobile device emitted the second chirp or an indication thereof.
The fourth time reference may correspond to when the second mobile device detected the first

chirp within the second audio signal or received an indication thereof.

{291 As described above, the first mobile device 318 or a remote server may determine the
distance based on the first and second time references by themselves or in combination with the
third and fourth time references 318, For example, the first distance may represent the average of

the distances determined based on the first and second time reference and the third and fourth
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time references. The system may be configured to repeat the series of chirps from ecach device
and distance determmnations based on the chirps. The first distance may represeut a minirourg
distance over a series of samples collected during repetition of the chirps and distance
determmnations based thereon. Thus, the distance between the first mobile device and the second
mobile device may be calculated based on a minimum distance that is derived from two or more
distance calculations between the two devices. Although theoretically the distances obtained
from the respective time pairs from the two mobile devices should be tdentical, they may not be

for technical reasons such as sound interference or microphone capabilitics.

1361 Whether the determination of the distance between the first mobile device 318 and
the second mobile device 328 is performed locally, such as by the first mobile device 318, or
remotely, such as by a server 338, the first mobile device may obtain an indication of a first
distance between the first mobile device and the second mobile device. For example, a remote
server 333 may transmit an indication of the first distance to the first mobile device and/or the
second mebile device 334, As another example, the remote server may siraply store the
calculation of the first distance to a database and the first mobile device may query the database
to obtain the indication of the first distance. It the first mobile device performs the distance

calculation, it may transroit an indication of the distance to the second mobile device 318,

{31} The exaraple system 1o Fig. 3 may include the second mobile device. The second
mobile device, as stated above, may emit the second chirp at the third time reference. A third
indication of the third tiroe reference may be received by the second mobile device. The
indication may be, for example, a time stamp, sample time, or the like sent by the processor of
the device or a start recording signal from an application on the device that 1s coordinating
chirping as described above. The second mobile device may receive a second audio signal and
detect, within the audio signal, the first chirp from the first mobile device or it may send the
second audio signal to a reroote server to detect the fivst chirp within the second andio signal.
The server may send a fourth indication of the fourth time reference corresponding to when the
first chirp was detected in the second audio sigual. If an application 1s coordimating the first
mobile device and the second mobile device, the application may signal a start and stop time for
sending and recording audio to both devices. A determination of the third and/or fourth time

reference corresponding to the second and first chirp respectively may be performed by the
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second mobile device or a remote server as described above. For example, remote server may
determine the presence of the chirps within the second audio signal and correlate the detection of
a chirp with a time reference. An indication of a time reference corresponding to when a chirp
was emitted or detected may be sent by the server or received by oue or roore of the mobile
devices. The second mobile device may receive the first time reference and the second time
reference and determine the first distance. Likewise, the first mobile device may be configured to
send the first time reference and the second time reference to the second mobile device. The
second mobile device may obtain an indication of the first distance between the first mobile
device and the second mobile device based ou at least one of the first and second time references
and/or the third fourth time references. For example, the second device may compute the average
of the distances it calculates based on the first and second tivoe refercoces and the third and

fourth time references.

{321 The system depicted in Fig. 3 may include a server that may be configured to receive
an indication of the first time reference, the sccond time reference, the third time reference, and
the fourth time reference. As described earlier, the server may determine an indication of the first
distance between the first mobile device and the second mobile device based on at least one of
the first time reference and the second time reference and/or the third tivae refercoce and the
fourth time reference. The server may provide an indication of the first distance to one or more
devices which have requested the first distance and/or that have provided av audio signal such as

the first mobile device and/or the second mobile device.

{33] For clarity, Fig. 4 shows an example diagram of the time references associated with
the chirps emitted and/or received by each of the first 481, sccond 482, and third mobile device
483 as disclosed herein. In an implementation, the first mobile device may be further configured
to receive an indication of a third chirp from a third mobile device at a fifth tirae reference within
the first audio signal. The first mobile device may receive an indication of a second distance
corresponding to the distance between the first mobile device and the third mobile device. The
second distance may be based on the first time reference and the fifth time reference and/or a
sixth time reference and a seventh time reference. The sixth time reference may correspond to
when the third mobile device emits the third chirp and the seventh time reference may

correspond to when the third mobile device detects or recetves the first chirp. Indications of the
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time references may be provided to the first mobile device, an application operating on the
roobile devices that coordinates the chirping behavior of each mobile device, and/or a remote

SCYVET.

134} In an implementation, the second mobile device may be configured to emit the second
chirp from the sccond mobile device at the third time reference, receive a third indication of the
second chirp at the third time reference, recetve a second audio signal, and receive a fourth
indication of the first chirp from the first mobile device at the fourth time reference within the
second audio signal. An eighth indication of a third chirp from the third mobile device. The
eighth indication may correspond to the eighth time reference as shown in Fig. 4. Detection of
chirps and/or receipt of indications of time references, as described carlier, may be performed or
provided by a remote server or on a given mobile device. The second mobile device may obtain
an indication of the fivst distance between the first mobile device and the sccond mobile device
based on the first time reference and the second time reference and/or the third time reference
and the fourth time reference. It may obtain an indication of a third distance between the second
mobile device and the third mobile device based on the third time reference and the eighth time
reference and/or the sixth time reference and a ninth time reference. The ninth time reference
roay correspond to a tivae at which the thivd mobie device receives the second chirp or an
indication thereof. The third mobile device may be configured to emit the third chirp from the
third mobile device at the sixth time reference and receive a third audio signal. A sixth indication
of the third chirp may be provided to the third mobile device. The indication may be, for
example, the raw tirac valuc at which the chirp was cmitted or the sample timae value. The third
mobile device may detect the first chirp from the first mobile device at the seventh time
reference within the third audio signal and likewise detect the second chirp from the sccond
mobile device at the ninth time reference. As described above, detection of chirps within the
third audio signal may be performed by a remote server in licu of a mobile device. The server
roay then return an indication of the time references to the mobile device and the mobile device
may perform a distance calculation. The server may provide the distance calculation to the

maobile device in lieu of providing the tivoe refercuces in some configurations.

[35] The third mobile device may obtain an indication of the second distance between the

first mobile device and the third mobile device based on the first time reference and the fifth time
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reference and/or the sixth time reference and the seventh time reference. It may obtain an
indication of the third distance between the second mobile device and the third mobile device
based on the third time reference and the ecighth time reference and/or the sixth time reference

and the ninth time reference.

136} In configurations in which three or roore mobile devices are present, oricntation of the
devices may be determined using a variety of methods. In an implementation, the first mobile
device s designated as a roaster device. Designation of a mobile device as a master device may
be performed by random selection among devices that are within a threshold proximity to one
another or by selecting the first device to execute an application that coordinates chirping from
other proximal devices as the master device. Other techniques for selecting a roaster device are
known in the art and may be compatible with the systems and methods disclosed herein. The
second roobile and/or third mobile devices may be configured to receive an nstruction to ortent
the device toward the master device. For example, if an application is coordinating the chirping
of the first, second, and third mobile devices, the application may provide a notice to orient the
device toward the master device. The master device may be identified in the notice by a phone
number or user name, for example. The master device (e.g., the first mobile deviee) may receive
an indication that the second roobile device and the third mobile device have been oriented
toward it. For example, the application may receive compass data from the second and/or third
maobile device to indicate an orientation of a device. An orientation of the sccond mobile device
and third mobile device relative to the first mobtile device may be determined based on, for
example, compass data received from cach of the sccond mobile device and the third mobile

device.

1371 In an mplementation, each of the first mobile device, the second mobile device, and
the third mobile device may have at least two microphones. An audio signal ruay be received for
each microphone on a device. In some cases, a single audio signal roay contain the andio data
from both microphones, but the audio data detected or received by cach microphone may be
separated out for each individual microphone (¢.g., contained or encoded in discrete audio
channels). As an example shown in Fig. 6, the first mobile 618 device may be configured to
recetve a fourth audio signal from a sccond microphone 614 on the first mobile device. In this

example, the first audio signal may correspond to a first microphone 612 on the first mobile
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device 61¢. The first audio signal may be compared to the fourth andio signal by a server or by
the first mobile device. I the server performs the comparison, it may receive the first and fourth
audio signals from the first mobile device 618, or a single audio stream that contains audio data
from both microphone 612, 614 on the first device 818, Likewise, the second 626 and third 638
audio devices may obtain audio signals for cach microphone on the respective devices and may
compare the audio signals or have a server perform the comparison of audio signals to determine
a direction of a chirp. For example, the second mobile device 628 may obtain a fifth audio signal
from a fourth microphone 624 on the sccond mobile device 628 (and the sccond audio signal
may correspond to a third microphone 622 on the second mobile device 828#). The third mobile
device 63¢ may obtain a sixth audio signal from a sixth microphone 634 on the third mobile
device 638 {and the third audio signal way correspond to a {ifth microphone 832 on the thied
mobile device 638}, A comparison of the fifth andio signal to the second audio signal and/or the
sixth audio signal to the third audio signal raay be perforraed by the sccond mobile device or
third mobile device respectively or by a server. A comparison of between the audio detected by
two microphones on a device may reveal, for exaraple that a left oriented microphone detected a
chirp from a device slightly before the right microphone detected the same chirp, indicating that
the device from which the chirp was emitted was left of the device detecting the chirp. For
example, Device s speaker 616 may et a chirp that is detected by Dievice 278 two
microphones 622, 624. The distance traveled by sound emitted from device 1s speaker 616
would be different as detected by device 27s two microphones 622, 624 due to the posttion of
those microphones on Device 2 620, as indicated by the two dashed lines 646, 645. The first
mobile device may receive an indication of orientation of the first mobile device relative to the
second mobile device and the third mobile device based on the comparison of the first audio
signal to the fourth audio signal. The second and third mobile devices may receive indications of
their posttions relative to the first and third mobile devices or first and second mobile devices

respectively, Thus, the orientation of cach mobile device in the system may be determined.

138} In an implementation, the first mobile device may be configured to receive an
indication that the fivst mobile device has been rotated a predetermined murober of degrees ina
known direction. It may emit a fourth chirp and obtain an indication of a fourth distance between
the first mobile device and the third mobtle device based on the fourth chirp and an indication of

a fifth distance between the second mobile device and the third mobile device based on the



WO 2015/117064 PCT/US2015/014073
16

fourth chirp. The indication of the fourth distance may be compared to that of second distance
and indication of the fifth distance may be compared to that of the third distance. A relative
orientation of the third mebile device to the first mobile device and the second mobile device
based on the coraparison may be determived. For example, compass data from the first device
may be utilized to determine the direction of rotation of the first device. Distance calculations
subsequent to the rotation of the first mobile device may reveal slight changes in the distances
between the first device and the second and third mobile devices respectively. If the location of
the microphone on the first mobile device 15 known, the combination of distance calculations,
compass information, and wicrophone location may be used to determine the relative orientation
of the second and third mobile with to the first mobile device. In some cases, conventional

triangulation techuiques may be used to determine a location and/or rotation of the third device.

139] I an iroplementation, an exaraple of which is provided 1o Fig. 5, a first audio signal
may be received, for example by a server, from a first mobile device at 518, A second audio
signal from a second mobile device may be received at 528, A first indication of a first time
reference corresponding to a first chirp from the first mobile device and a second time reference
corresponding to a second chirp from the sccond mobile device in the first audio signal may be
received at 338, A third indication of a third time reference corresponding to the fivst chup from
the first mobile device and a fourth indication of a fourth time reference corresponding to the

second chirp from the second mobile device in the second audio signal may be received at 548,

{48} As an example, the first mobile device may emit a chirp m response to a user
activating an application configured to coordinate chirping. An indication that the chirp has been
emitted may be sent to the first mobile device and/or to a server in coramunication with the first
mobile device. The second mobile device may emit a second chirp and a second indication that
the chirp has been eraitted by the second mobile device may be sent to the second mobile device,
the first mobile device {(as a, and/or the server. Each mobile device way record an audio signal
using a microphone on the respective devices. After a predefined time period, a signal to stop
recording, a user-based action to cause recording to cease, the first audio signal from the first
device and the second audio signal from the second device may be analyzed to ascertain time
references corresponding to when cach device received or heard the other device’s chirp. Thus,

an indication of the time at which a first device emits a chirp may be received by a server and the
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time at which the first device detects or receives a second device’s chirp based on an analysis of
the audio sigual roay be determined by the server. Similarly, the second device’s audio signal
may be provided to the server for a determination of the time {¢.g., sample time or raw time} at
which it detected the first device’s chirp. The server roay perform a distance calculation based on
the time references indicating to when the first and second devices emitted their respective chirps
and the time references indicating when the first and second devices detected a chirp from the

other device.

{41] A first distance between two devices based on the first chirp and the second chirp
may be determined based on the first time reference and the second time reference at 358, A
second distance between the fivst chirp and the second chirp may be determined based on the
third time reference and the fourth time reference at 568, The first distance may be compared to
the second distance at 876. A server may provide an average between the first distance and the
second distance as a distance calculation. The server may randomly or otherwise select one of
the first distance or the sccond distance as the distance calculation if] for example, the two
distances are sufficiently close {e.g., the two distances do not deviate by more than 10%). A
distance calculation maay be provided to the first mobile device and the second mobile device at
580. In some configurations, the server may provide the first distance calculation to the second
mobile device and the second distance calculation may be provided to the first mobile device.
Each device may average the distance calculation obtained from another device. For example the
first device may obtain the first distance and receive the second distance from the server. The
first device may then average the sccond distance with the first distance. Generally, the first
distance and second distance will be close. If, however, the first distance and the second distance
are too dissimilar, the server, for example, may direct cach device to repeat the chirp process
beginning at 818 in Fig. 5. The distance between the first mobile device and the second mobile
device may be calculated based on a minimum distance that is derived from two or more distance
calculations between the two devices. It may include, for example, the fivst distance and the
second distance. A minimmum distance may be provided, for example, as the distance between the
two devices based on one or more repetitions of the process shown 1o Fig. S in some

configurations.
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{42} In some configurations, a third audio signal may be reccived from a third mobile
device. For examiple, the third mobie device may communicate the third audio signal to a reroote
server, A series of time references may be determined in the audio signals that have been
recetved, inchuding a fifth tire reference corresponding to a third chirp from the third mobile
device, a sixth time reference corresponding to the third chirp from the third mobile device in the
third audio signal, a scventh time reference corresponding to the first chirp from the first mobile
device i the third audio signal, an eighth time reference corresponding to the third chirp from
the third mobile device in the second audic signal, and a ninth time reference corresponding to
the second chirp from the second mobtile device in the third andio signal. As stated earlier, the
aforementioned determinations may be performed by the first mobile device or a remote server,

for exampie.

143} Time determinations {¢.g., saraple tume or raw tirae as described earlier) obtained
from the various audio signals may be utilized to perform distance calculations based on the
detection of a chirp and an assumption of between two or more devices as described substantially
above. A third distance between the first mobile device and the third mobile device may be
determined based on the first time reference, the fifth time reference, the sixth time reference,
and the seventh time reference. A fourth distance between the second mobile deviee and the third
mobile device may be determined based on the third time reference, the eighth time reference,
the sixth time reference, and the ninth tirae reference. As described above, one of the mobile
devices (e.g., the first mobile device) may be designated as @ master device using a number of

selection methods known in the art {¢.g., random selection, etc.).

{44} An orientation of three or more devices relative to one another may be determined
based on techniques disclosed earlier. For example, an indication that the first mobile device has
been rotated a predetermined nuraber of degrees in a known direction {c.g., based on compass
datay may be recetved. A fourth chirp may be detected 1o each of the first audio signal, second
audio signal, and third audio signal. Distance calcnlations may be performed using a time
reference obtained for the fourth chirp 1u each of the audio signals. The distance calculations
post-rotation of the device may be compared to the corresponding distance calculation pre-
rotation of the device. For example, a fifth distance between the first mobile device and the third

mobile device may be determined using time references obtained for the fourth chirp 1un the first
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audio signal and the third audio signal. The fifth distance may be compared to the third distance.
As deseribed carlier, distance calculations subsequent to the rotation of the first roobile device
may reveal slight changes in the distances between the first device and the second and third
maobile devices respectively. The combination of distance calculations, compass fnformation, and
microphone location may inform the orientation of the second and third mobile devices relative

to the first mobile device.

145] The foregoing description, for purposc of explanation, has been described with
reference to specific implementations. However, the illustrative discussions above are not
intended to be exhaustive or to Himit implementations of the disclosed subject matter to the
precise forros disclosed. Many modifications and variations are possible in view of the above
teachings. The implementations were chosen and described in order to explain the principles of
implementations of the disclosed subject matter and their practical applications, to thereby
enable others skilled in the art to utilize those implementations as well as various

implementations with various modifications as roay be suited to the particular use contemplated.
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CLAIMS

i. A system, comprising:
a first mobile device configured to:

emit a first chirp from the first mobile device;

receive a first indication of the first chirp at a first time reference;

recetve a first audio signal;

recetve a second ndication of a second chirp from a second mobile devicc at a
second time reference withio the first audio signal;

obtain an indication of a first distance between the first mobile device and the
sccond mobile device based on the first time reference, the sccond time reference, a third time
reference, and a fourth time reference, wherein the third time reference corresponds to a time at
which the second oobile device emits the second chirp and the fourth time reference corresponds

to a time at which the second mobile device receives the first chirp.

=

The system of claim 1, the first mobile device further configured to:
receive a third indication of the third timoe reference corresponding to when the second
mobile device emits the second chirp;

receive a fourth indication of the fourth time reference corresponding to when the second
mobile device receives the first chirp; and

calculate the first distance between the first mobile device and the second mobile device
based on the first time reference, the second time reference, the third time reference, and the

fourth time reference.
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3. The system of claim 2, the sccond mobile device further configured to send the third timne

reference and the fourth time reference to the first mobile deviee;

4. The system of claim 2, wherein the first distance is calculated based on an average of the

first distance and a distance determined based upon the third and fourth tirae references.

3. The system of claim 1, further comprising the second mobile device configured to:

ernit the second chirp from the sccond mobile device;

receive the third indication of the sccond churp at the third time reference;

receive a second audio sigoal;

receive the fourth indication of the first chirp from the first mobile device at the fourth
time reference within the second audio signal; and

obtain the indication of the first distance between the first oobile device and the second
mobile device based on the first time reference, the second time reference, the third time

reference, and the fourth time reference.

6. The system of claim §, the second mobile device further configured to:

receive the first indication of the first time reference corresponding to when the first
mobile device emits the first chirp;

receive the second indication of the second time reference corresponding to when the first
mobile device receives the second chirp; and

calculate the first distance between the first mobile device and the second mobile device.

7. The system of claim 6, the first mobile device further configured to send the first time

reference and the second titne reference to the second moebile device,
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8. The system of claim 6, wherein a distance between the first mobile device and the second
maobile device 1s calculated based on an average of the first distance and a distance deterroined

based upon the third and fourth time references.

9. The systern of claim 6, wherein the distance between the first mobile device and the
second mobile device s calculated based upon a mintmurm distance selected from a plurality of
distance calculations, the plurality of distance calculations inchiding the first distance and the

second distance.

10, The systern of claima 1, further comprising a server configured to:

receive the first indication of the first time reference, the second indication of the second
time reference, the third indication of the third time reference, and the fourth indication of the
fourth time reference;

determine the indication of the first distance between the first mobile device and the
second mobile device based on the first time reference, the second time reference, the third time
reference, and the fourth time reference; and

provide the indication of the first distance to the first mobile device and the second

maobile device,

11, The system of claim 1, wherein the first chirp and the second chirp differ in at least one

audio quality.

12. The system of claim 11, wherein the audio quality is selected from the group consisting

of: a frequency, a duration of chirp, and a pattern of chirp.
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13, The system of claim 1:
the first mobile device further configared to:

recetve a fifth indication of a third chirp from a third mobile device at a fifth time
reference within the first audio signal;

obtain an indication of a sccond distance between the first mobile device and the
third mebile device based on the first tirne reference, the fifth time reference, a sixth time
reference, and a seventh time reference, wherein the sixth time reference correspounds to a time at
which the third mobile device emits the third chirp and the seventh time reference corresponds to

a time at which the third moebile device receives the first chirp.

14, The system of claim 13,

the second mobile device configured to:

emit the second chirp from the second mobile device;

recetve the third indication of the second chirp at the third time veference;

receive a second audio signal;

recetve the fourth indication of the first chirp from the first mobile device at the
tourth tirne reference within the second andio signal;

receive an cighth indication of the third chirp from the third wobile device at the
eighth time reference;

obtain the indication of the first distance between the first mobiic device and the
second mobile device based on the first time reference, the second time reference, the
third time reference, and the fourth time reference; and

obtain an indication of a third distance between the second mobile device and the

third mobile device based on the third time reference, the cighth time reference, the sixth
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time reference and a ninth time reference, wherein the ninth time reference corresponds
to a time at which the third mobile device receives the second chirp;
the third mobile device configured to:

emit the third chirp from the third mobile deviee;

receive a sixth indication of the third chirp at the sixth time reference;

recetve a third andio signal;

receive a seventh indication of the first chirp from the first mobile device at the
seventh time reference within the third audio signal;

recetve an ninth indication of the second chirp from the second mobile device at
the ninth time reference within the third audio signal;

obtain the indication of the second distance between the first mobile device and

the third mobile device based on the first time reference, the fifth time reference, the sixth time

reference, and the seventh time reference; and

obtain the indication of the third distance between the second mobile device and

the third mobile device based on the third time reference, the eighth time reference, the sixth

time reference and the ninth time reference.

The systern of claim 14, wherein the first mobile device is designated as a master device.

The system of claim 15,
the second mobile device further configured to:

recetve an instruction to orient the second mobile device toward the master

device:

the third mobile device further configured to:
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recetve the instruction to orient the third mobile device toward the master device;
the master device configured to:
receive an indication that the second mobile device and the third mobile device
have been orented toward the first mobile device; and
determine an orientation of the second mobile device and the third mobile device

relative to the first mobile device,

17.  The system of claim 15, wherein the indication that the second mobile device and the

third mobile device have been oriented toward the first mobile device comprises compass data

for each of the second mobile device and the third mobiie device.

18, The system of claim 15, wherein cach of the first mobile device, the second mobile

device, and the third mobile device have at least two microphones.

19.  The system of claim 18,
the first mobile device further configured to:

recetve a fourth audio signal from a second microphone on the first mobile
device, wherein the first audio signal corresponds to a first microphone on the first mobile
device;

compare the first audio signal to the fourth andio signal;

receive an indication of orientation of the first mobile deviee relative to the
second roobile device and the third wobile device based on the comparison of the fivst audio

signal to the fourth audio signal.

20, The system of claim 19,
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the second mobile device further configured to:
obtan a {ifth audio signal from a fourth microphone on the second mobile device,
wherein the second audio signal corresponds to a third microphone on the second mobile device,
compare the second audio signal to the fifth audio signal;
receive an indication of orientation of the second mobile device relative to the
first mobile device and the third mobile device based on the coroparison of the second audio
signal to the fifth audio signal;
the third mobile device further configured to:
obtain a sixth audio signal from g sixth microphone on the third mobile device,
wherein the third audio signal corresponds to a fifth microphone on the third mobile device;
compare the third audio signal to the sixth andio signal;
receive an indication of orientation of the third mobile device relative to the first
mobile device and the second raobile device based on the comparison of the third andio signal to

the sixth audio signal.

21, The system of claim 14, the first mobile device further configured to:

recetve an indication that the first mobile device has been rotated a predetermined
number of degrees in a known direction;

emit a fourth chirp;

obtain an indication of & fourth distance between the third mobile device and the
first mobile device based on the fourth chirp;

obtain an indication of a fifth distance between the third mobile device and the

second mobile device based on the fourth chirp;
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compare the indication of the fourth distance to the second distance and the fifth
distance to the third distance; and
determine a relative ortentation of the third mobile device to the first mobile

device and the second mobile device based on the comparison.

22, A wcthod, comprising:

receiving from a first mobile device a first audio signal;

receiving from a second mobile device a second audio signal;

receiving a first indication of a first time reference corresponding to a first chirp from the
first mobile device in the first audio signal;

receiving a second indication of a second time reference corresponding to a second chirp
from the second mobile device in the first andio signal;

recciving a third indication of a third time reference corresponding to the first churp from
the first mobile device in the second audio signal;

receiving a fourth indication of a fourth time reference corresponding to the second chirp
from the sccond mobile device in the second audio signal;

determuning a first distance between the first chirp and the second chirp based on the first
time reference and the second time reference;

determining a second distance between the first chirp and the second chirp based on the
third time reference and the fourth time reference;

comparing the first distance to the second distance; and

providing a distance calculation to the first mobile device and the second mobile device.
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23, The method of claim 22, wherein the distance calculation compriscs an average of the
first distance and the second distance.
24, The method of claim 22, wherein the distance between the first mobile device and the

second mebile device is calculated based vpon a romimum distance selected from a plurality of
distance calculations, the plurality of distance calculations including the first distance and the

second distance.

25, The method of claim 22, wherein the first chirp and the sccond chirp differ in at least one

audio quality.

26, The method of claim 25, wherein the audio quality is selected from the group consisting

of: a frequency, a duration of chirp, and a pattern of chirp.

=3

The method of claim 22 further comprising:

b2

receiving from a third mobile device a third audio signal;

receiving a fitth indication of a fifth time reference corresponding to a third chirp from
the third mobile device o the first audio signal;

receiving a sixth indication of a sixth time reference corresponding to the third chirp from
the third mobile device in the third audio signal;

receiving a seventh indication of a seventh time reference corresponding to the first chirp
from the first mobile device in the third audio signal;

receiving a eighth indication of an cighth time reference corresponding to the third chirp

from the third mobile device in the second audio signal;
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receiving a ninth indication of a ninth time reference corresponding to the second chirp
from the second mobile device 1o the third audio signal;

determining a third distance between the first mobile device and the third mobile device
based on the first time reference, the fifth time reference, the sixth time reference, and the

seventh time reference.

28.  The method of claim 27, further comprising determining a fourth distance between the
second mebile device and the third mebile device based on the third time reference, the eighth

time reference, the sixth time reference, and the ninth time reference.

28, The method of claim 28, further comprising designating the first mobile device as a

master device.

30, The method of clanm 29,
providing an instruction to the second mobile device to orient it toward the master device;
providing an instruction to the third mobile device to orient it toward the master device;
receiving an indication that the second mobile device and the third moebile device have
been oriented toward the first mobile device; and
determining an orientation of the second mobile device and the third mobile device

relative to the first mobile device.

31. The method of clairs 30, wherein the indication that the second maobile device and the
third mobile device have been oriented toward the first mobile device comprises compass data

for each of the sccond mobile device and the third mobile device.
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32. The method of claim 30, wherein cach of the first mobile device, the second mobile

device, and the third mobile device have at least two microphones.

33, The method of claim 32,

recciving a fourth audio signal from a second microphone on the first mobile device,
wherein the fitst andio signal corresponds to a first microphone on the first mobile device;

comparing the first andio signal to the fourth audio signal;

receiving an indication of orientation of the first mobile device relative to the second
rnobile device and the third mobile device based on the comparison of the first audio signal to

the fourth audio signal.

34, The method of claim 33,

obtaining a fifth audio signal from a fourth microphone on the sccond mobile device,
wherein the second audio signal corresponds to a third microphone on the second roobile device,

comparing the second audio signal to the fifth audio signal;

receiving an indication of orientation of the second mobile device relative to the first
mobile device and the third mobile device based on the comparison of the second audio signal to
the fifth audio signal;

gbtaining a sixth audio signal from a sixth microphone on the third mobile device,
wherein the third audio signal corresponds to a fifth microphone on the third mobile device;

comparing the third audio signal to the sixth audio signal;

receiving an indication of orientation of the thurd mobile device relative to the fivst
mobile device and the second mobile device based on the comparison of the third audio signal to

the sixth audio signal.
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35.  Themethod of claim 27, further comprising:

receiving an indication that the fivst mobile device has been rotated a
predetermined number of degrees in a known direction;

detecting a fourth chirp in cach of the first audio signal, the second audio signal,
and the third audio signal;

obtaining an indication of a fifth distance between the third mobile device and the
first mobile device based on the fourth chirp;

obtaining an indication of a sixth distance between the third mobile device and the
second mobile device based on the fourth chirp;

comparing the indication of the fifth distance to the third distance and the fifth
distance to the third distance; and

determining a relative oricntation of the third mobile device to the first mobile

device and the second mobile device based on the comparison,
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