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SYSTEM AND METHOD FOR
DATA TRANSMISSION OVER AN AUDIO JACK

TECHNICAL FIELD

j0001]  This patent application relates to clectronic systems, peripheral devices, mobile
devices, and  computer-implemented  software,  accmrding o various  example
embodiments, and more specifically to a system and wethod for date transmission over an

audio jack.

BACKGROUND

{00021 Soatphones are becoming the predominant lok between people and
information. Most current smariphones or other mobile devices provide a capability
use mobile software applications {apps). A mebile software application {app) can embody
8 defined set of fanctionality and can be installed and executed on a mobile device, sach
as a smariphone, a tablet device, laptop computer, a digital camera, or other form of
mobile computing, imaging, or communications devige, Conventional mobile apps arg
available that focus on particular apphications or functionality sely, Additionally, mest
standard moebife phones and other mobile devices have an audio/microphone conngctor or
3 3nam audio jack into which a headset, carbuds, or other peripheral device connector can
be plugged. Most standard beadsets or carbud accessories alse include a microphong so
the user can both hear sudio from the phone and speak mito the phone via the headsat or
earbud accessory. A plug connected to the headsets, earbuds, or other peripheral device
can nelude soparate conductive sloments to transfir eleetrical signals corresponding to
the lefl ear andio, right ear audie, microphone audie, and ground. The plug is compatible
with the mobile device audio jack. The standard headsets or carbud accessories are
configured to be placed over or attached {0 the ear{s) of a person, and include one or more

speakers and a microphone. The beadsel, varbuds, andfor other types of peripheral

o

evices may include one or more physiological or blometric sensors, environmental
sensors, and/or other types of date-producing elements.

10003 Computing devices, communication devices, imaging devices, electronic
devices, aecessorios, or other types of peripherat devices designed to be worn or attached
to & user {denoted as wearables or wearable devices) and the associated wser experience

are alse bevoming very popular. Maoebile phone headsets and earbud accessories are

o]
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examples of such wearables. Beeause wearable devices are typically worn by or attached
to the user all or most of the time, i i3 important that wearables serve as a helptul tool
awding the vser when needed, and not become an annoying distraction when the aser is
trving to focus on other things, Although the 3. 5mm audio jack s a ublquitous interface
available on almost every phone, smartphone, fablet computer, and computer, this
interface has been used only for transferring audio signals to the peripheral device. In
miest other cases, peripheral devices have to mclude a wireless transceiver, such ag
Bluetooth™ to transfor data between the moebile device and the peripheral device.
However, wireless interfaces can be wore expensive, more bulky, and less reliable
Additionally, if the andio jack is used for stereo audio signals, 1t s difficult o send data

ot the audio interfsee.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004]  The various embodiments are iHustrated by way of example, and not by way of
Hndtation, in the figures of the sccompanying drawings in which:

0005]  Pigure 1 iHoxtrates an example embodiment confipured for tanstorring data
between a master device and a sfave device via the audiofmicrophone wire and a standard
auchio jack;

{0006]  Figure 2 illustrates an example embodiment of & self-powered out-of~phase
tone voltage tripler systent and process;

{0007]  Figore 3 tustrates an exaople embodiment of a low power out-of-phase tone
pulse counter system and process;

{0008]  Figure 4 ilustrates an example embodinent configured for sending data from a
slave devics to a waster devies via the audio/microphone wire and the audio jack;

{0009]  Figure 3 is a processing flow chart iHlustrating an example embodiment of &
method as described herein; and

{010 Figure 6 shows a disgrammatic representation of a machine in the example
form of a mobile computing andfor commuenication system within which a set of
instructions when executed andior processing logic when activated may cause the
machine o perform any one or more of the methodologies described andfor claimed

herein,

Lod
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DETAILED DESCRIPTION

011} 1o the following description, for purposes of explanation, munerous specifie
details are set forth i order fo provide a therongh understanding of the various
embodiments. It will be evident, however, to one of ordinary skill in the art that the
various embodiments may be practiced without these specific details.

{012]  In the vadons embodiments deseribed herein, a system and method for data
transnssion over an audio jack are disclosed, Referring now to Figure 1, an example
ernhodiment 100 deseribed herein i conBgured for ransturring data between a master
device 110 and a slave device 120 via the audio/microphone wire and a standard andio
jack 140, In the example embodiment of Figure 1, the master device 110 can include a
mobile device, a smartphone, a tablet computing device, laptop compuier, deskiop
computer, persopal computer (PU), a personal digital assistant {PDAY, global posttioning
system {(GPS} device, an tmaging deviee, an audio ov video player or capture device, oy
other form of computing, conwnunications, imaging, or electronic device that provides a
stanclard audio jack T In the various embodiments described herein, the masier deviee
10 typically produces the stereo audio signals, which can be transferred 1o a slave device
£20 vig the audio jack 140 in g standard maoner.

{0013]  In the example embodiment, the slave device 120 can inclode a variety of
different types of deviees including, computing devices, commumication devices, imaging
devices, slectronic devices, accessories, or other types of peripheral devices designed to
be used in a stand-alone configuration or worn or attached (o a user (denoted gs wearables
or wearable devives). Mobile phone headsels and carbud accessorizs ars examples of such
slave deviees 120, The alave device 120 (also denoted hevein as a peripheral deviee) can
include the speakers for rendering the sterco audio signals received from the master
device 11 via the audio jack 140 in a standard manner.

] The various embodiments deseribed herein use @ variety of different methods
for embedding data wilo sterso audio signals withoot affecting the quality of music or
other audio signals transferred via an audio interface {e.g., audio jack 140). The steren
audio signals with the embedded data can be used by the master device 110 to send data
to a slave device 120 connected through the standard 3. 3mm audio jack 140, Various
data-consuming elements 122 in the slave device 120 can use this data for & variety of

purpnses including, vonfiguring the slave device 120, sciting parameters, conveying
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messages or notifieations, updating application dats, updating slave device 120 software,
finrware, or processing logie, and the ke, A microvontroller 125 can also be provided in
the stave device 120 to control the operation and funchonality of the slave device 1200
Such nderocontroliers are well-known in the art. In one embodiment, the slave device 120
can also provide one or more data~producing clements 1240 In a particular embodiment,
the data-producing elements 124 can be a blometrie sensor, such as o beart rate sensor,
which can prodoce sensor data o the slave device 120, In the example embodinent, this
sensor data can be transmitted to the master device 110, such as a mobile phone, 1o which
the slave device 120 is coupled via an audio/microphone wire and the audie jack 140, In
other embodiments, 16 will be apparent 0 those of ordinary skill in the artin view of the
disclosure herein that many other types of data-producing components 124 in the slave
device 120 may be similarly deployed. For example, these other types of data-producing
components 124 can melude epvironmental sensors, motion sensors, image or video-
producing devices, and the like. The slave device 120 can also include a microphone 126,
which can transter audio signals from the slave device 120 to the master device 110 via
the electrical aundin/microphone wire, andio jack 140, and an audio encoderidecoder
{codec) 116 in the master device TG In the example embodiment, the master device 110
can inelade a software application {appy 112, which can embody a defined set of
functionality amd can be installed and executed on the master device 10 in a well-knowa
MENNET

{0015 One basic principle used in vartous example ambodiments is that the master
device 110 can produce ultrasmiic or infrasonic duta tones, on the left and right audio
channels, and can add the dada towes 10 the outpet audio streams. As shown in Figore | the

example embodiment provides the audio bverface togic 111 for this parpose. The added

data tones cannot be heard by humans, but can be detected by varlous technigues in the
slave device 120 as described heretn, In a particular example embodiment, the master
device 110 can produce out-of-phase data tones on the el and right audico channels.
These out-of-phase data tones can be differentiated from music or other audio signals in
the audio stream, which 15 mostly in phase with very small out-of-phase components, As
described in more detail below in several example embodiments, various sysems and
methods are deseribed by which the slave device 120 can detect out-of-phase data tones
generated by the master device 110 using very limited power or no power at all, In this

manner, data can be transferred from the muster device 110 to the slave device 120
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ignal, with a very small

p=g

[016]  Music, and other audio signals, is 8 mostly in-phase s
magnitude of out-of-phase components. The master device 113 can use this characteristic
of music, and other audio signals, {0 generate data tones that are 180 degrees ont of phase
between the el and right chamnels of the sterco audio stream. To ensure that the tones
produced have a high cnough amplitude for the technigues desoribed herein, the out-nf-
phaze tones can be produced oo a notification stream of the master device 1, and not on
the audiv stream. The notification streant is a stream with well-known characteristics
typically transmitted prior to a corrgsponding andio stream. In othwr embodiments, the
out-oi-phase tones can be produced on the audio stream. The audio stream volome can be
controlied by the user. Two example embodiments, described in move defail below, use
the out-of-phase signals inserted inte the notification or gudio stream to transfer data from
a master device 110 to a stave device 120 via the audio jack. The slave device 120 can
use simifar techotques to detect that @ data tone has been fuserted into the audio stream
and 1o decode the inserted data, 1o another embodiment also deseribed below, a svstem
angd method is described for transferring data from a slave device 120 to a master deviee
10 via the audio jack,

H017] At least two basic problems are solved by the example embodiments deseribed
heremn. These problems includer 1) how can data be sent From the master device 110 o
the slave device 120 via the audio jack, and 21 how can data be sent from the slave device
120 o the master device D via the awdio jack. The solutions provided by the varous

example embodiments are deseribed in more detail below,

- Nending data from a master devics to a slave device via the audivdmicrophone wire
and audio jack

{0018]  Reforring again to Figure {, the example embodiment 100 deseribed berein is
configured for sending data from g master device 1O 1o a slave deviee 120 via the
audieymicrophorie wire and the audio jack 140, In the embodiment of Figure 1, & master
device 110 includes audio interface logic 11 The aadio interface logic 111 provides the
processing logie andfor the elreuitry to encode data produced in or abtained by the master
devics 110 into a series of data tones that can be embedded into the audio stream being
transferred 1o the slave device 120 via the audio jack 140 In particular, the audio
interface ogic 111 performs data encoding by producing ultrasonic or infrasonic tones,
on the feft and right audio channels, which are added o the output aundio stream sent o
the slave device 120 via the aadiv jack 148 as shown in Figure 1 The audie interface

6
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(t

logic 111 gencrates data tones that are 188 degrees out of phase between the left and right
channels of the steree audio stream. A data extractor compuonent 121 of the slave device
F20 can recetve the right and loft sudio chamels with the data tones encoded therein from
the master device 10 vig the feft and right asdio chanuel conductors of sudio jack 140
The dats extractor 121 can decode the data tones from the audio stream using the
decading techniques described below. The audio interface logic 111 can encode the data
tomes into the audio streamt using a reverse of the decoding techniques deseribed below,
Audio interface logic 111 can be configured as processing logie or logic, at least a portion
of which is partially implemented in hardware, In two example enbodiments deserbed in
detail below, the data extractor 121 can perform the data decoding using D) a self

powered out-of-phase tone voltage tripler, or 2} a low power out-of-phase tone pu.ise

counter, These embodiments are desoribed next.

~ Method 1 Self Powered Qui-of-Phase Tone Voltage Tripler

{0019] Referring now to Figure 2, a selfipowered out-of-phase tone voltage triple
system and process is ihustrated. The example embodiment of the data decoding svsiem
shown i Figore 2 can be implemented in a data extractor 221 of the slave device 120, In
an example embodiment, the data extractor 221 can receive the right and feft audio
channels with the data tongs enended therein from the master dovice 110 via the audin
Jack 1400 I the two received signals (right and left channels) are in phase, the data
extractor 221, as implemented by the example circuit shown in Figure 2, acts like a balf
wave rectiffier and #s ouiput is about Vm-2%¥Vd (where Vim s the signal amplitude
voltage, and Vd is the diode’s DY or D2 forward voltage deop) Suppose, for sxample,
that Vm = 0.8V and Vd=0.2V. In this example, the data extractor 221 oircuit shown in
Figure 2 produces 8.4V as the output for normal music {or other standarid audio) signals
whose two channelds (eft and righty are in-phase more or less, I the signals on the two
channels (left and vight) are out-of-phase, the data extractor 221 civeuit works as a voltage
tripler and its output Is 3¥Vm-2*Vd, Siill using the numbers frony the example set forth
above, the data extractor 221 prodoges a high output voltage of 2.4V-04V=2V when the
two audio channels (feft and right} are out-ofiphase. The data extractor 221 cireuit
changes its behavior significantty when the phase relationship of the audio channel inpuis
changes. To use the data extractor 221 circuit shown in Figore 2 as & duta tone detector, a
resistor-capacitor {RCY low pass filter is added at the output as shown in Figure 2 to filter
oul possible short tme spikes from out-of-phase music (or other standard audio) signals,

-
{
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it will be apparent to those of crdinary skilf in the art in view of the disclosure herein that
a memory device can be added to the circuit shown in Figure 2 to retain the isolated data
in this manner, data signals encoded as out-of-phase data tones on the two audio channels
of an audio stremm can be isolated from the typically n-phase audio signals of music {or
other standard audin) on the two sudio channels. In one embodiment, the value of resistor
R1 shown in Figure 2 can be 10k ohms, the value of capacitor C1 can be (L1uF, and the
value of capacitor C2 can be 20uF. It will be apparent 1o those of ordinary skill in the an

it view of the disclosure hevein that alternative values can glso be used.

- Method 20 Low Power Qut-of~Phase Tone Pulse Counter

{0020]  Reforring now o Figure 3, another system and process for decoding data
embedded in an audio signal is described. In the example of Figure 3, g low power out-of-
phase lone pulse counter systemn and process is Hlustrated. This example embodiment
provides a very fow power technigue for data decoding, typically consuming ender 30

3

aA. The example embodiment of Figure 3 uses a micropower timer 323 to control the
duty cveling of the tong detection process, The micropower timer 3123 is o commuercially
available progranunable counter that uses very hitle power. The left and right sudio
channel signals of the asdio stream received from the master device O are inputs 1o a
differential amplifier 325, Because the data tones encoded into the audio signals by the
master device 1 HY have out-of-phase components, the differential amplifier 323 produces
pulses at the tone frequency at its output in response o these out-of-phase components. In
contrast, the music or other standard audio signals that sre combined with the data tones
in the audiv siream ave mostly m-phase and do not produce as many pulses while the
audio strearn i3 being processed, These pulses produced by the differentiad amplifier 323
in response to the out-of~phase components of the audio stream are counted by the pulse
counter 327, When the last Slip-flop on the counter turns on (1.8, the pulse counter 327
counts n nuraber of pulses), the capacitor € shown in Pigare 3 gets charged up. It will be
apparent to thise of ordingry skill in the art in view of the disclosure herein that the pulse
couter 327 can be pre-confipursd to count up to a pre-determined value (n) before
charging up capacitor C. In other words, the pulse counter 327 can be pre-configured to
require thal o pulses are recetved before capacitor € is activated. Therefore, the tone
detection process of an example embodiment can be configured such that only the out-of-
phase fones at the pre-configured ultrasonic frequency, produced by the master device
F10, will cause the last bit on the pulse counter 327 to flip and thereby activale capactior

b
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C, As part of a pre-defined data tone detection duty cycle controlled by micropowsr timar
323, the pulse counter 327 resets and starts counting pulses again, As the tone delection
duty cvele resets, the capacitor € s disconnecied from the pulse counter 327, and any
charge on the capacitor C is transferred 10 8 smaller capacitor G710 as shown in Figure 3,
The duty eycle of the tone detection process is chosen such that if capacitor G/ was
charged up to high, capacitor G0 would not discharge to low within the duty oyele
duration. In this fashion, capacitor C/H0 will only go frove low to high i a data tone wag
detegted in the audio stream, after previous periods of the absence of a data tone. The
togyle flip-flop 329 can stove the state 0 retain an indication that 3 data tone was
recetved. In this manner, data signals encoded as out-of-phase data tones on the two audio
channels of an sudio stream can be iselated from the typically in-phase sudio signals of
masic {or other standard audio) on the twa sudio channels,

{00211 The example embodiments desentbed herein make vse of the fact that the
master device T H) can produce out-of-phase signals on the two audio channels - feft and
vight. The systens and methods deseribed herein use this feature of the produced data
signal to encode the data inte the sudio stream at the master dovice 1O and to identify
and decode the data signals from the sudio stream at the slave device 120, The various
embodiments deseribed herein provide a platform for accessory developers, or other
peripheral device developers, that allows them {o implement a system and method

transfer data signals between a master device {e.g., a phone, tablet, PC, or other device)

P

-

aned @ slave or peripheral device via the stereo audio Hnedinterface, without Interfering
with the user’s experience of Hstening to music, or other audio signals, through a standard
3 5mu audie jack. The variouy embodiments also provide a platform that can be used by
developers to add different sensors and functionality into the peripheral device, which can

be configured and controlied using data sent from the master devive,

- Sending data frons a stave device to a master device via the audio/microphone wire
snd gudio jack

[0022]  Reforring now o Figure 4, an example embodiment 400 described herein s

configured for sending data from a slave device 420 to a master device 410 via the

audiodmicrophone wire and the audio jack 1400 In the embodiment of Figure 4, a slave

device 420 {c.g.. headsets, carbuds, or the like) can include one or more data-producing
cloments 424, such as the seosors deseribed above. As desoribed above, these sensors can

be biomelric sensors, eovironwmental sensors, or other data-producing component. In a

9
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particular example embodiment, the sensors can be optical sensors for detecting heart
rate, an infrared (IR} LED, an accelerometer, anddor the like. The slave device 420 can
also include a microphone 426, which can triansfer andio signals from the slave device
420 to a master device 410 via an clectrical andio/microphone wire and sudio jack 140 in
a standard manper. The slave deviee 420 can also be configwed o include a
microcontroiler 425 {eg., an MIP430, or other tvpe of microcontrotler). It will be
apparent o those of ordipary skill in the art in view of the disclosure horein that & variety
of standard microcimirollers, application specific integrated circutts (ASICK), field
programmable gate arvays (FRPGAs), discrete logic circults, oy other civcultry or logic can
be sioufarly wsed as the microcontroller 423 of the example embodiments. The
microcontroller 423 can receive the sensor dats produced by the data-producing element
424. The sensor data produced by the one or more data-producing clements 424 in the
stave devics 420 can be encoded into a modudation format and sent (o the microcontrolier
425 for processing. 1 one example embodiment, the sewsor data is provided as 12C
signals. 120 {also denoted PO or Inter-Tntegraded Circuil) 5 2 multimaster, seriad, siogle-
ended computer bus used  for alisching low-speed  peripherals to
a motherboard, embedded  systern, cellphone, o other clectronic device. It will be
apparent to those of ordinary skifl in the art that the sensor data can be provided in a
variety of different forms, formats, protacols, or signals. The microcoatrolier 423 can
eonvert the sensor data fo an audio band signal using FSK {frequeney-shift keying) or
other welbknown encoding technique. The converted data from the datiproducing
clements 424 &5 added into or othenwise combined with the audio/micropbone wire
signaly using an adder 428 for tramsfer to 8 master device 44 via the standard avdio jack
144,

{0023] Reforring still o Figure 4, 8 master device 410 of an example embodiment is
shown coupled to the slave device 420 vig audio jack 140, As deseribed above, the master
device 413 can inelude a wide varety of differant types of devices, such 8y compating,
commanications, imaging, or electronic deviges that provide a standard sudio jack 140,
Such master devices 410 can include standard components, such as an audie
eneoderidecoder {codec) 410 and analog-to-digital converter {(ADCY 418, Ax described
above, master device 410 can alzo include an application {app) 412, which can comprise
downloaded software, Hrmware, or other form of customized processing logie. App 412
can be configured o include a filtering component 414, Filtering component 414 can
include a low pass filter {LPF) 434 and a high pass filter (HPF) 436, App 412 cap also be

10
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configured as processing logic or logie, at kast a portion of which is partially
implemented in hardware, the logic including the filtering component 414 coupled with
an output of the analog-to-digital converter (ADC) 418,

{0024]  Sensor data sent from the slave device 420 to the master device 410 via the
audiodmicrophone wire and the audio jack 140 is received and sampled in the Mandard
codec 416 provided in a conventional master device 410, The codec 418 can ase the
anatog-to-digital converter (ADC) 418, 1o produce digital signals that are received by the
fiftering component 4 14 of the app 412 executing on the master device 410, The LPF 434
can be used fo isolate the slandard audio signals produced by nucrophone 4260 These
audio signals can be passed to an audio modem or rendering device. The HPF 436 can be
used to isolate the encoded sensor datg received from the data-producing clements 424,
The isolated sensor data can be passed to a decoder component, which processes and
analyres the sensor data produced in slave device 4200 In this manner, the example
erpbodiment can send semsor data produced in a slave device o a master device for
processing hy a master device app via the andio/microphone wire and the audia jack. The
described embodiment provides the advantage that sensor data can be transforred from the

slave device to the master device via the sudio jack withowt having o modify the

hardware of the master device. Further, the embodiment does not require 8 wireless
connection o the mastar dovige.

{00231 Rofering now to Figure 5, a processing Pow diagram ilhustrates ap example
embodiment of g method for dats transmission over an audio jack as described herein,
The method 1100 of an example cobodiment includes: providing an sudio interface
inchuding an andio jack, the mudio interface including a right audio signal interface and a
lefl sudio signal interface {processing block 1110Y encoding data into an andio stream as
out-of~phase data tones and transferring the audio stream with the data tones via the audio
interface to g shave devics {processing block 1120); receiving the audio stream from the
mraster device via the audio interface and isolating the data encoded into the audio stream
as out-ol-phase data tones {processing block 1130); and processing the solated data at the
slave deviee {processing block 1140}

j0026]  Figure 6 shows a disgrammatic representation of a machine in the example
form of a mobile computing andfor communication systern 700 within which a sat of
instructions when excouted andior processing logic when activated may cause the
machine to perform any one or more of the methodologiss described andfor claimed
heretn,  In aliernative embodiments, the machine operates as a standalone device ov may
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be connected {e.g., networked) to other machines. In a networked deployment, the
machine may operate in the capacity of a seever or a client machine in server-client
network environment, or as & peer machine i a peer-to-peer {ov distnbuted) network
environmoent. The machine may be a personal compuater (PC), 4 laptop computer, a tablet
computing  system, a Personal Digital Assistant (PDA), a cellular telepbone, a
simartphone, a web applianes, a set-top box (§TB), a network router, switch or bridge, or
any machine capable of executing a set of instractions {sequential or otherwise) ov
activating processing logic that specify actions to be taken by that machine.  Further,
while only a single machine is Hlusdrated, the tooy “machine” can also be taken to inchade
any collection of machines that individually or jointly execote a set (or multiple sets) of
instructions or processing logic 1o perform sny one or more of the methodologies
described andfor claimed herein.

{0027 The example mobile computing andéor commanication system 700 inclades a
data processor 702 {e.g., a Systern-on-a-Chip (80C), goneral processing core, graphics
core, and optionally other processing logic) and a memory 704, which can communicate
with each other via a bus or other data transfer system 7896, The moebile compting andfor

comnmmication systern 700 may further include varions inputioutpat (VO devices andfor

interfaces 710, such as a touchscreen display, an audio jack, and ﬁptinmaiiy a network
interface 712, In an example embodiment, the network interface 712 can ochude one or

more radio transceivers configured for compatibility with any one or more standard

=

wireless andior cellular protocols or gccess technologies {eg., 2nd (20), 2.5, 3rd (3G},

dth (4G) generation, dnd future goneration radio socess for cellular systens, Global
System for Mobile conmmunication (GSM) General Packet Radie Services (GPRS)
Enbanced Data O8M Envivonment (EDGE), Wideband Code Division Multiple Access
{WCDMA LTE, CDMA2000, WLAN, Wircless Router {WR) mash, and the like)
Network interface 712 may also be configured for use with various other wired andior
wireless conmnunication protocols, including TCOR/AP, UDP, SIP, SMS, RTP, WAP,

CRMA, TDMA, UMTS, LAWB, Wik, WiMaxg, Blustooth, 1E

E 8021 by, and the ke In
essence, network interface 712 may include or support virtually any wired and/or wirgless
compuntication mechanisms by which information may travel between the mobils
computing and/or communication system 700 and avother computing or communication
system via network 714

{0028]  The memory T04 can represent & machine-readable mediun on which s stored

one or move sets of nstructions, software, Srmware, or other processing logie (eg. logic
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708} embodying any one or more of the methodologies or functions described andior
claimed herein. The logic 708, or a portion thereof, may also reside, completely or at least
partially within the processor 702 during execution thereof by the mobile computing
andfor conwnunication system 700, As such, the memory 704 and the processor 702 may
also constitute machine-readable media. The logic 708, or a portion thereof, may also be
configured as processing logic or logie, at least a portion of which & partially
tuplemented v hardware, The logic TO8, or a portion thereof, may further be transmitted
or received over a network 714 via the network interface 7120 While the maching-
readable mediam of an example embodiment can be a single medium, the term "machine-
readable mediom” should be taken o include a single nou-transttory medivm or multiple
non-transitory madia (g2, a contralized or distributed database, andfor assoclated caches
and computing systems) that store the one o more sets of instructions. The term
"machine-readable mediom” can alse be taken o include any non-transitory medium that
ts capable of storing, enceding ov carvying a set of instructions for exccution by the
machine and that cause the machine to perforoy any one or more of the methodologies of
the various embodiments, or that is capable of storing, encoding or carrving dats
structures utihized by or associated with such a set of instructions. The term "machine-
readable medium® can accordingly be taken to include, but not be Hmited o, solid-state
memories, optical media, and magnetic media,

80291 In variouws embodiments as described berein, example smbodimenis include af
least the following exwmples

JO30] A slave device comprising: an audio interface meluding an awdio jack, the
audio intertace nchading a right awdio signal inlerface and a lefl awdio vignal inlerface; a
data extractor coupled 1o the aundio terface, the data exiractor being configored to
receive an audio stregm via the audio interface and to isolate diata encoded into the audio
siream as out-of-phase data tones; and a microcontrolier couplad tor the data extractor ©
receive aod process the data solated by the data extractor.,

{083  The slave device as claimed above wherein the sedio stream including a right
audio channel received on the right andio signal miertace and a left avdio channel
received an the left audio signal interface, the data tongs being out of phase hetween the
feft and right audio chanvels of the andio stream.

{0032]  The slave device av claimed above wherein the data extractor further including

a self-powered out-of~phase tone voltage tripler
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[033]  The slave device as claimed above wherein the data extractor turther including
# ko power out-of-phase tone pulse counter.

{0034]  The slave device as claimed sbove wherein the sudio jack s a 3.5mm audio
jack.

{00351 The save device ax claimed above wherein the dave device including a data-
moduacing element, the microcontroller being coupled to the data-producing element to
receive data gencrated by the data-producing element, the microcontroller being further
comfigured to encode the datw imto an audio band signal, the slave device including an
adder 0 combine the encoded data with audio signals on a microphone line, the adder
being further configured o transter the combined audio signals 0 a master device via a
microphone conductor of the andio jack.

{0036]  The slave device as claimed above wherein the stave device being from the
groap consisting oft @ mobile phone beadset and an sarbud accessory.

[0037] The slave devicr as claimed above wherein the data isolated by the data
extractor baing peripheral device configuration dada.

3R] A master device compriving: logic, at least 8 portien of which s parially
implemented iy hardware, the logic configured to encode data into an audio stream as
out-of-phase data tones and to transfer the audio stream with the data tones vig an audio
interface and an audio jack, the audio interface Including a right audio signal interface
and a left aundio signal inferface.

{0039)  The master device as claimed above wherein the audio stream including a vight
sudio channel transferred on the right audio signad interface snd s keft avdio chaosnel
transferved on the {eft audio signal interface, the daty tones being o of phase between
the feft and right sudio channels of the audio stream.

{0040]  The master device as claimed above wherein the logic being further configured
to encods the data tones for decoding by a self-powered out-of-phase tone voltage iripler.

[B041]  The master device as elaimed above wherein the logie being further configured

to encode the data tones for decoding by a low power outofphase tone pulse counter.

{0042 The master device as claimed above whareln the audio jack is a 3.53mm audio
jack.

{0043] The master device as claimed above further including an encoder’decoder
{codec), which mmcludes an snalog-to-digital converter (ADC) bheing coupled 1o a
microphone conductor of the andio jack, the ogic being further configured 1o dnclude a
filtering component coupled with an output of the ADC, the filtering component being

14



WO 2015/099797 PCT/US2013/078145

configoared o isolate encoded data received in andio signals via a microphone conductor
of the audio jack,

[0044]  The master dovice as claimed above wherein the master device heing from the
group consisting oft 8 mobhile phone, a tablel computing device, 4 laptop computer, a
deskiop compuier, and a personal computer (PC).

{0045]  The master device as claimed above wherein the encoded data being peripheral
device configouration data,

J046] A system comprising: a master device including an audio imterface including an
audio jack, the audio interface including a vight audio signal interface and a left audio
signal interface; and logie, al least a portion of which i partially implemented in
hardware, the logic configured o encode data infe an gudio stream as out-of-phase data
tones and & transtor the audie stream with the data tones via the sudio iterface and the
audio jack: and a stave device inchuding an asdio interface incloding an audio jack, the
gudio interface including a right audio signal interface and a left andio signal interface; a
data extractr coupled to the sudio interface, the data extractor being configured to
vecetve the audio strearm from the master device via the audio imterface and the sudio jack
and to isolate the data encoded nto the andio stream as out-of-phase data tones; and a
microcontroller coupled to the data extractor to recaive and process the data solated by
the data extractor,

{0047]  The system as clabioed above wherein the audio stream including a vight aadio
channel transferred on the right audio signal interface and a left andio channel transferred
on the left audio signal interface, the data tores heing owt of phase between the left and
right audio channels of the audio stream.

[0048]  The system as claimed above whereln the data extractor further inchuding a
self~powered out-of-phase tone voltage tripler.

{0049 The system as claimed above wherein the data extractor further including g low
power out-of-phase tone pulse eounter,

B0S8] A slave device method comprising: receiving an andio stream via an audio
interface and an audio jack: wolating data encoded into the audio stream as out-of-phase
data fones; and processing the data ixolated by the data extractor,

{0051 The method as claimed above whereln the sudio stream incloding & dght audie
channel received on a right audio signal interface and a left audio channel received on a
feft audiv signal interface, the data tones being out of phase between the left and right

audio channels of the audio stream.
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{0052  The method as claimed above whetein the audio jack is a 3. 5mm audio fack.
[0053]  The method as claimed above including receiving data generated by a data-
producing clement, encoding the data info an audio band signal, combining the encoded
data with audio signals on a microphone Hine, and transforring the combined audio signals
to a maxter device via a microphone conductor of the audio jack,

{0054]  The method as claimed above wherein the method being performed by a slave
device being frors the group consisting oft a wobile phone headset and an earbud
AUCEBSOTY.

[0055]  The method as clammed above whereis the isolated date is peripheral device
configuration data.

{00561 A master device method comprising encoding data into an audio stream gs out-
of-phase data tones; and transforring the audio stream with the data tones via an audio
interface and an audio jack, the audio interface including a right audio signal interface
and g left audio signal interface.

[O57]  The method as clatmed above wherein the audio stream including a right audio
channel transferred on the right audio signal interfave and a left sudio channel tranaferred
on the left aadio signal interface, the data tones being out of phase between the left and
right audio channels of the audio stream,

{0038]  The method as clabed above inchuding encoding the data tones for decoding
by a self-powered out-of-phase tone voltage tripler,

{0059)  The method as clabmed gbove including encoding the data tones Tor decoding
by a fow power out-of-phase ton pulse counter.

{0061 The method as claimed above wherain the audio jack is 2 3. 53mm audio jack.
{0061 The method as claimed gbove further including isolaling encoded data received
in audio signals via 3 microphone conductor of the audio jack.

{0062  The method as claimed above wherein the method being performed by a master
device boing from the group consisting off a mobile phone, a tablet computing device, &

laptop computer, a deskiop conynter, and a personal compuier (PC).

{0063  The method ax claimed above wherein the encoded data being peripheral
devics configuration data.

{0064] A slave apparatus comprising: an audio interfacing means including an audio
jack, the audio interfacing weans including a right audio signal interface and a left audio
signal interface; a data extractor means coupled to the audio interfacing means, the data
gxtractor means being configred to receive o audio stream via the audio imterfacing
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neans and to isolate data encoded o the andio stream as out-of-phase data toney; and a
processing means coupled to the data extractor means o receive and process the data
solated by the data oxtractor means.

{0065]  The slave apparatus as claimed above wherein the audio siveam including a
right audios channel reeeived on the vight audio signal interface and a lefi audio channel
received on the left audio signal interface, the data tones being out of phase between the
left and right audio channeds of the audio stream.

{066]  The slave apparatus as claimed above wherein the data exiractor further
mcluding a self-powered out-of-phase tone voltage tripler means.

{067]  The slave apparatus as claimed above wherein the data extractor further
including a low power cut-of-phase lone pulse counter means.

{0068]  The slave apparatus as claimed above wherein the andio jack is a 3. 5mim audio
Jack.

{0069  The slave apparatus as claimed above including a data-producing means, the
processing means being coupled to the dats-producing means to receive data generated by
the data-producing weans, the processing means being further configured to encode the
data into an audio band signal, the slave apparatus including 8 combining means fo
combine the encoded data with audio signaly on a microphone ling, the combining means
being further configured to transfer the combined andio signals 0 a master apparatus via
a microphone conductor of the mudio jack.

{0070]  The slave apparatus as claimed above wherein the slave apparatus haing from
the group consisting oft a mobile phone headset and an carbud accessory.

071 The slave apparatus as claimed sbove wherein the data isolated by the data
extractor means being peripheral device configuration data.

{06711 A master apparatus comprising: logic means, at least a portion of which is
parttally implemented in hardware, the logic means configured to encode data into an
audio streamn as out-of-phase data tones and to transfer the audio stream with the data
tones via an audio interface and an sudio jack, the asdic interface including a right aadio
signal interface and a {eft audio signal interface.

[0073]  The master apparatus as claimesd above wherein the sudic stream including a
right audio channel transiorred on the right audio signal mterface and a feft sudio channet
transferred on the left andio signal interface, the data tones being out of phase between

the left and right audio channels of the audio stream.
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[0074]  The master apparatus as claimed sbove whereln the fogie means being tfurther
configured to encode the data tones for decoding by a self-powered out-of-phase fone
voltage tripler,

{0073]  The master apparatus as claimed above wherein the logic means belng further
configured to encode the data tones for decoding by a low power out-of-phase tone pulse
counter,

j0076]  The master apparatus as claboed above wherein the aadio jack ix a 3.5mm
audio jack.

0077 The master apparatus as claimed above further including an encoder/decoder
means, which includes an anslog-to-digital converter (ADCY being coupled to a
microphone conductor of the audio jack, the legic means being further configured o
include a filtering means coupled with an output of the ARC, the filtering means being
configured to ixolate encoded data recetved in audio signalz via & microphone conductor
of the audio jack.

78] The master apparatus ax claimed above wherein the master apparaius being
from the group consisting oft a mobile phone, a tablet computing device, a laptop
compuier, a desktop computer, and a personal computer (PCL

079 T

peripheral device configuration data

he master apparatus as claimed sbove wherein the encoded data heing

[B088] A von-fransitory machinc-useable storage wediym ombodyving  instructions
which, when executed by a machine, canse the machine to: receive an andio stream via an
sudio interface and an audio juck: isolate data encoded info the audio stream as out-of-
phase dala tones; and process the data isolated by the data extractor.

{0081 The machine-uscable storage mediom as clabmed above wherein the audio
stream including a right audio channet received on a right audie signal interface and a left
audio channel received on a left audio signal interface, the dats tones being out of phase
between the lefl and right sudio chamels of the asdie siream.

[B082]  The machine-useable storage medinm as claimed gbove wherein the audio jack
is a 3.5nmm audio jack.

[083] The machine-uscable storage medium as claimed above being  further
configured 1o recerve data generated by a data-producing element, encode the data into an
audio band signal, combine the encoded data with audio signals on a microphone ling,
and transier the combived audio signals to a master device via a microphons conductor of
the audio jack.

i8



WO 2015/099797 PCT/US2013/078145

{0084}  The machine-useable sorage medivmn gs claimed above wherein  the
instructions being embodied 10 a slave device being from the group consisting off a
mobile phone beadset and an carbud accessory.

{0088]  The machine-useable storage moedium as claimed above wherein the fsolated
data is peripheral device configuration data,

{0086] A pon-transttory machine-useable storage medium embodying  instructions
which, when exceuted by a machine, cause the machine tor encode data o an aadio
stream as out-of-phase data tones; and transfor the audio streany with the data tones via an
audio inerface and an audio jack, the audio interface including a right apdio signal
interface and a lefl audio signal interface.

{00871  The machine-uscable storage mediom as claimed sbove wherein the audio
stremm including a right audio channet transterred on the right audio signal interface and a
left audio channel transtorred on the left audio signal interface, the data tones being ot of
phase between the lefl and right audio channels of the andio stream.

[OO88]  The machine-useable storage medium  as claimed above being  further
configured 1o encode the data tones for decoding by a self-powered out-of-phase fone
voltage fripler,

[0089]  The machine-useable storage mediom as clamed above being  further
configured to encode the data tones for decoding by a low powser out~of-phase tone pulse
gounter,

{0090  The machine~useable storage medinm as claimed above wherein the audio jack
5 a 3.5nun audio jack,

{0091 The machineuzeable slorage mediom ay clamed above being  further
configured (o isolate encoded data recetved 1n audio signals via a microphone conductor
of the audio jack.

{0092]  The machine-useable storage medinm as claimed  above wherein the
instructions being embodiad in a master device baing from the group consisting off &
mshile phone, a tablet coynputing device, a laptop computer, a desktop computer, and a
personal computer (PO}

[0093]  The machine-useable storage medium a8 claimed above whereln the encaded
data heing peripheral device configuration data.

{0094]  The Abstract of the Disclosure is provided to comply with 37 CFR. §1.72(b),
requiring an abstract that will allow the reader to quitkly ascertain the nature of the
techpical disclosure. It is submitled with the understanding that # will sot be used o
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interpret or Himit the scope or meaning of the claims, In addition, in the foregning
Detatled Description, i can be seen that various features are grouped fogether in a single
embodiment for the purpose of streambining the disclosure. This method of disclosure is
net 1o be interpreted as reflecting an fntention that the claimed embodiments require more
featurey than are expressly recited in cach claim, Rather, as the following claims reflect,
nventive subject matter Hies in less than all features of a single disclosed embodiment,
Thus, the following claims are bereby ncorporated into the Detailed Descoviption, with

cach claim standing on it ivwn as a separate enbodiment.
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CLAIMS

What ix claimed is:

b A slave device comprising

an audio interface including an audio jack, the audio inferface including a right audie
signal interface and a feft audio signal interface;

a data extractor coupled to the acdio interface, the data extractor being configured 1o
receive an audio stream via the andio interface and to isolate data eocoded into the
agdio stream as out~al-phase data towes; and

a microcontroller coupled to the data extractor to receive and process the data isolated

by the data extractor,

2. The slave device as claimed 1o clam 1 wherein the avdio stream incloding a vight
audio channel recetved on the right audio stgnal iIntertace and a left audio channel
received on the left audio signal interface, the data tones being owt of phase hetween the

eft and right audio channels of the audio strean.

3. The stave deviee as claimed in claim T wherein the data exiractor further inclading a

setf~powered out-of-phase tone voltage tripler.

4. The slave device gs claimed 1o clain | wherein the data extractor further including

o power out-of-phase tose pulse counter,

S The slave device as claimed in olaim T wherein the audio Jack is 8 3. 5mm andio jack.

. The slave device as claimed in claim 1 wherein the slave device including a data-
produacing element, the microcontrotler being coupled to the data-producing slementio
receive data generated by the data~-producing element, the microcontroller being {urther
configured toencode the data into an audio band signal, the slave deviee including an
adder to combine the encoded data with audio signals on a microphone line, the adder
being further configured to transter the combined audio signals 1o a master device via a

microphone conductor of the audio jack.
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7, The slave device gs claimed n claim | wherein the slave device being from the group

consisting off & mobile phone headset and an earbud accessory.

& The slave device as claimed in olaim 1 wherein the data isolated by the data extractor

being peripheral deviee configuration data,

9. A master device comprising:
logie, at least a portion of which is partially implemented in havdware, the logic
configured to encode data into an asdio stream as out-of-phase data tones and to
transfor the asdio stream with the data tones via an audio interface and an sudio
jack, the audio interfuce including g right audio signgl interface and a left audio
signal interface.
HY, The master device as claimed in clabo & whersin the audio stream including a right
suclio channel transterred on the vipht audio signal interface snd a left audio channel
transierred on the left audio signal interface, the data tones being out of phase betwesn

the teft and night sudio channels of the audio stream.

H. The master device as claimed in elaim 9 wherein the logic being further configured o

encode the data tones for decoding by a self-powered out-of-phase tone voltage tripler.

12, The master devive as claimed {n elaim 9 wherein the logic being further configured to

envode the data tones for decoding by a low power out-oi-phase tone pulss counter.

13, The master device as claimed in claim 9 wherein the avdio jack is a 3.5num audio

jack.

B4, The master device as olahmed n clabm @ farther including an encoderidecoder
{codec), which includes an analog-to-digital converter (ADC) being coupled to a
nieraphone conductor of the audio jack, the logic being further configured to include a
filtering component coupled with an output of the ADC, the Hltering component being
configured to isolate encoded data received in audio signals vig s microphone conductor

of the audio jack.
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13, The master devive as claimed in elaim 9 wherein the master device being from the
group consisting of! a mobile phone, a tablet computing device, a laptop computer, @

desktop computer, and a personal compuier (PC3

6. The master device as claimed in claim 9 wherein the encoded data being peripheral

device configaration data,

P70 A system comprising:

a master device inchuding an andio mterface including an audio jack, the audin
interface ncluding a right audio signal interface and a left audio signal interface;
and fogic, at logst ¢ portion of which is partially implemented in hardware, the
togic configured to encode data into an audio stream as cut-of-phase data tones
anc to transter the audio stroam with the data tones via the audio interface and the
audio jack; and

a slave device including an audio interface including an audio jack, the audio interface
mcluding & right audio signal interface and a 1ol audic signal interface; a date
extractor coupled to the audio interface, the data extractor being configured to
receive the andio stream from the master device vin the audio mterface and the
awdio jack and to isolate the data encoded into the audio stream ss out-of-phase

data fonest and a microcontroller coupled fo the data extractor (o recaive and

process the data isolated by the data extractor.

{8, The system as olatored i clam 17 whereln the andiy streant including & right sudio
channed transferved on the right audio signal interface and a left andio channe! transterrad
on the feft audio signal interface, the data tones being out of phase between the lefl and

right audio channels of the audio stream,

19, The system as claimed in claim 17 wherein the data extractor further including a self-

powerad out-of-phase tone veltage tripler.

20. The system as clatmed in claim 17 wherein the data extractor further including a low

power out-of~phase tone pulse counter.

|23
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SYSTEM AND METHOD FOR DATA TRANSMISSION
OVER AN AUDIO JACK PROCESSING LOGIC
-1100-

— ¥

PROVIDE AN AUDIO INTERFACE INCLUDING AN AUDIO JACK, THE
AUDIO INTERFACE INCLUDING A RIGHT AUDIO SIGNAL INTERFACE i
AND A LEFT AUDIO SIGNAL INTERFACE.

-1110-

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ———

ENCODE DATA INTO AN AUDIO STREAM AS OUT-OF-PHASE DATA
TONES AND TRANSFER THE AUDIO STREAM WITH THE DATA TONES}
VIA THE AUDIO INTERFACE TO A SLAVE DEVICE. 5

-1120-

¥

RECEIVE THE AUDIO STREAM FROM THE MASTER DEVICE VIA THE
AUDIO INTERFACE AND ISOLATE THE DATA ENCODED INTO THE §
AUDIO STREAM AS OUT-OF-PHASE DATA TONES.
-1130-

.................................................................................................... T

PROCESS THE ISOLATED DATA AT THE SLAVE DEVICE.
~1140-

FIGURE 5
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