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Description

FIELD

[0001] Embodiments herein relate to electronic devic-
es and audio accessories, and in particular to apparatus,
systems and methods for identifying an audio accessory,
such as a headset, coupled to an electronic device.
[0002] EP 2224749 A1 discloses a method for control-
ling a maximum signal level output to headphones of a
wireless device. The method includes: determining an
impedance of the headphones; determining a carrier spe-
cific maximum signal level for headphones having the
impedance; and, adjusting an audio amplifier of the wire-
less device coupled to the headphones to restrict the
maximum signal level output to the headphones to the
carrier specific maximum signal level.
[0003] US 20080318629 A1 discloses an electronic
device including a jack arranged to receive a peripheral
device A/V plug, the A/V plug providing an end-terminal
for a peripheral device to be connected to the jack, where-
in the device is arranged to detect insertion of the A/V
plug, and upon detection of insertion, discriminate the
functionality provided by the peripheral device.

SUMMARY OF DISCLOSURE

[0004] The present teaching provides a method as de-
tailed in claim1. Also provided is a device according to
claim 9.

DRAWINGS

[0005] For a better understanding of the embodiments
described herein, and to show how they may be carried
into effect, reference will now be made, by way of exam-
ple, to the accompanying drawings.

Figure 1 is a schematic representation of an elec-
tronic device and an audio accessory according to
one embodiment;
Figure 2 is a diagram comparing the audibility of
shaped detection pulses and non-shaped detection
pulses;
Figure 3 is a stem plot of an exemplary sequence;
Figure 4 is a schematic representation of an elec-
tronic device and audio accessory according to an-
other embodiment;
Figure 5 is a schematic representation of human au-
dibility at various frequencies and sound intensity
levels;
Figure 6 is a schematic of a method of spectrally
shaping a detection pulse using a window function;
Figure 7 is a schematic of a method of spectrally
shaping a detection pulse using a high-pass filter;
Figure 8 is a schematic of another method of spec-
trally shaping a detection pulse;
Figure 9 is a schematic of a method of spectrally

shaping a detection pulse using pseudorandom
modulation;
Figure 10 is a method of analyzing a response signal
according to one embodiment;
Figure 11 is a schematic showing various wave-
forms; and
Figure 12 is a schematic showing current responses
to a capacitive and resistive load wherein currents
from parasitic capacitance may be avoided or at least
inhibited by selective sampling.

DESCRIPTION OF VARIOUS EMBODIMENTS

[0006] Electronic devices, including portable electron-
ic devices like smart phones, tablet computers, media
players, and so on have gained widespread use and may
provide a variety of functions including playing media
(e.g., music and movies), and in some cases telephonic
services, text messaging, web browsing and other data
applications.
[0007] Electronic devices are often used with audio ac-
cessories such as headsets. For example, some elec-
tronic devices have audio jacks that are sized and shaped
to receive a mating plug from a headset. A user can con-
nect the headset to the electronic device by inserting the
plug on the headset into the audio jack on the electronic
device. Once connected, audio can be output to the user
via speakers on the audio accessory.
[0008] In some cases, an audio accessory may incor-
porate a microphone to allow audio signals (e.g., speech)
to be sent from the audio accessory to the electronic de-
vice. This may allow the user to make phone calls through
the audio accessory, record voice memos, control the
electronic device using voice commands, and so on.
[0009] In some cases, an audio accessory may include
one or more buttons or other input devices to control the
electronic device.
[0010] Generally, some embodiments as described
herein may be implemented on electronic devices, which
may include a wide range of portable devices that can
be worn or carried by a human user, such as mobile
phones, smart phones, personal digital assistants
[0011] (PDAs), notebooks, laptops, digital audio/video
players, digital audio/video recorders, tablet computers,
portable computers, music or media players, tablet com-
puters, GPS devices and the like. Some of these portable
electronic devices may be handheld, that is, they may be
sized and shaped to be held or carried in a human hand,
and may be used while so held or carried.
[0012] In some embodiments, electronic devices may
also include devices that are normally not worn or carried
by a human user, for example a desktop computer, a
stereo system, a vehicle audio system, and so on.
[0013] On some of these electronic devices, especially
portable electronic devices, computer resources (e.g.,
memory capacity, processing power, and screen space)
may be more limited than on other devices. A smart
phone, for example, may have a smaller display and less
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memory capacity than a desktop computer, which may
have a larger display and more memory.
[0014] In some embodiments, the electronic device
may be a portable electronic device that has voice com-
munication capabilities or data communication capabili-
ties (or both), over one or more data connections (e.g.,
a wireless connection).
[0015] According to one aspect, a method for identify-
ing an audio accessory coupled to an electronic device
includes: applying at least one detection pulse to the ac-
cessory over an audio jack, each detection pulse exclud-
ing: energies that are above a lower audible human
threshold, and frequency components within the human
audible frequency range, so as to be inaudible to a hu-
man; receiving at the electronic device at least one re-
sponse signal from the audio accessory, each response
signal corresponding to a detection pulse; wherein each
detection pulse is sufficiently long such that the at least
one response signal will settle to a stable current; meas-
uring the at least one response signal after it has settled
to determine an impedance of the audio accessory; and
based on the determined impedance, identifying the au-
dio accessory as a particular audio accessory.
[0016] According to another aspect, a method for iden-
tifying an audio accessory coupled to an electronic device
includes applying at least one detection pulse to the audio
accessory, each detection pulse being spectrally shaped
to be inaudible to a human user, receiving at least one
response signal corresponding to each detection pulse
that is indicative of the impedance of the accessory, and
based on the impedance, identifying the accessory. In
some embodiments, wherein the response signal is set-
tled before the impedance is measured. In some embod-
iments, the shaped detection pulse excludes energies
that are above the lower audible human threshold, and
frequency components within the human audible fre-
quency range.
[0017] As used herein, the term "audio accessory" may
include any accessory (such as a supplemental device
or add-on or other device that works in concert with the
electronic device) and that manages, controls, processes
or otherwise operates with audio signals. Examples of
audio accessories may include headphones, speakers,
microphones, sound recorders, or accessories that in-
corporate one or more of such things.
[0018] According to context, an audio accessory may
be coupled to an electronic device physically, electroni-
cally, communicatively, or some combination thereof. In
one example, insertion of a plug on a headset into an
audio jack of a media player may physically, electroni-
cally and communicatively couple the media player and
headset together, in that they can behave like a unified
object, they can send or receive electrical signals with
respect to one another, and they can communicate with
one another.
[0019] The concepts as described herein are not nec-
essarily limited to any particular kind of electronic device
or audio accessory, but are generally suitable for use on

various electronic devices with various computer re-
sources and with various audio accessories.
[0020] As used herein, the term "inaudible" generally
includes both totally inaudible and substantially inaudi-
ble. Specifically, the term "inaudible to a human" refers
to sounds or frequency components that are outside the
range of ordinary human hearing, as well as sounds or
frequency components that are negligible to an ordinary
human being. Furthermore, references to an energy con-
tent that is below an audible frequency range should be
understood as referring to energy content that is totally
below an audible frequency range as well as energy con-
tent that is substantially below an audible frequency
range. Similarly, references to the exclusion of energies
above a lower audible human threshold and the like
should be interpreted as referring to the total exclusion
of energies above a lower audible human threshold as
well as to the substantial exclusion of energies above a
lower audible human threshold.
[0021] Reference is now made to Figure 1, which is a
schematic diagram illustrating an electronic device 12
and an audio accessory 14 according to one embodi-
ment.
[0022] The electronic device 12 may include any suit-
able electronic device, such as a portable smart phone
having a display 13 and a physical keyboard 15 (as
shown). In some embodiments, the electronic device 12
may include a touchscreen device, optionally with or with-
out a keyboard.
[0023] In this embodiment the audio accessory 14 is a
headset having two speakers (e.g., speakers 16, 18),
although in other embodiments a different number of
speakers could be present. The speakers 16, 18 of the
accessory 14 are generally operable to output audio con-
tent, such as music, speech, and so on. In this embodi-
ment, the audio accessory 14 also includes a user control
interface 20 for controlling aspects of the electronic de-
vice 12 (e.g., for adjusting audio volume, changing music
tracks, etc.).
[0024] In some embodiments, the audio accessory 14
may include a microphone 30 for receiving audio signals
(e.g., a user’s voice) and for sending those audio signals
to the electronic device 12. As shown, in some embodi-
ments the microphone 30 may be provided with the user
control interface 20. Alternatively, the microphone 30
may be provided at another location on the audio acces-
sory 14.
[0025] In some embodiments, the audio accessory 14
is connected to the electronic device 12 using a conven-
tional audio plug on the audio accessory 14 that mates
with a corresponding audio jack on the electronic device
12.
[0026] In some embodiments, the plug and jack can
be of the tip-ring-sleeve (TRS) variety, a tip-ring1-ring2-
sleeve (TRRS) variety, or other various types. For exam-
ple, some audio connectors are in the form of 3.5 mm
(1/8") miniature plugs and jacks, or other sizes such as
2.5 mm connectors and 1/4" connectors. In headsets and
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other audio accessories, these audio connectors are
generally used to carry audio signals and other informa-
tion between the speakers 16, 18, the microphone 30
and the electronic device 12.
[0027] In some cases, it may be desirable to detect or
identify information about the particular audio accessory
14 that is coupled to the electronic device 12. For exam-
ple, different audio accessories, particularly audio acces-
sories from different manufacturers, may have different
pin configurations (e.g., TRS vs. TRRS), different control
interfaces 20, may or may not have a microphone 30,
may have varying audio capabilities (including volume
ranges), or in general may have other differences that
affect their performance and functionality when coupled
to the electronic device 12.
[0028] Determining which particular audio accessory
14 is coupled to the electronic device 12 can allow the
electronic device 12 to make changes to compensate for
or take advantage of the differences between audio ac-
cessories. For instance, different functions on the elec-
tronic device 12 may be activated or deactivated depend-
ing on which audio accessory 14 is connected (e.g.,
whether or not a microphone 30 is present).
[0029] In some cases both a ground terminal placed
at either RING2 or SLEEVE on a TRRS jack may be
detected and supported to enable compatibility with a
wider range of accessories. As another example, differ-
ent audio output profiles might be used for audio acces-
sories with different audio capabilities (e.g., mono, ster-
eo), and so on.
[0030] To determine what particular audio accessory
is connected to the electronic device, various detection
techniques can be employed, which can include making
one or more electrical measurements of the accessory.
[0031] The approach employed to identify audio ac-
cessories is to measure the impedance of the audio ac-
cessory. Impedance tends to vary between different au-
dio accessories, but is usually relatively constant for a
particular brand or type of audio accessory. Thus an im-
pedance measurement can provide a relatively reliable
"fingerprint" of the audio accessory type or brand (or
both).
[0032] The impedance of the audio accessory 14 can
be measured by applying a voltage (e.g., a detection
pulse, such as a +100 mV pulse) to at least one of the
pin connectors of the accessory while making a current
return path available on at least one other pin. The re-
sponse of the audio accessory to this voltage can then
be measured and used to determine an impedance value
for that audio accessory.
[0033] The measured impedance value can then be
compared to a list of known impedances corresponding
to particular audio accessories. For example, a table of
audio accessories and their associated impedances
could be stored on the electronic device 12 (e.g., in a
memory or a database), downloaded from a webserver,
and so on.
[0034] Unfortunately, in some instances at least partly

due to the widely varying range of sensitivity and imped-
ance of different audio accessories, it can be difficult to
measure impedance without introducing audio distur-
bances or artifacts during the detection process. These
disturbances can manifest themselves as clicks, noises,
beeps, pops and various other audio artifacts that can
impair the user experience during detection of the audio
accessory.
[0035] Furthermore, in order to make the detection ro-
bust and provide a relatively accurate determination of
audio accessory type or brand, detection techniques are
often repeated many times to validate the results. For
example, depending on the desired level of certainty
(e.g., less than a 0.01 % probability of a false detection
result), a detection pulse may be applied to the audio
accessory two, three or many more times in order to verify
what particular audio accessory has been detected. In
some cases, this repetition may be done by hardware
(e.g., at chip level), by software, or some combination
thereof.
[0036] Unfortunately, repeatedly using a detection
pulse to check the audio accessory impedance can
cause repeated instances of undesirable audio distur-
bances. Accordingly, a trade-off seems to exist between
obtaining an accurate determination of what audio ac-
cessory is connected to the electronic device and intro-
ducing a number of undesirable audio artifacts.
[0037] To try to avoid audio artifacts but still reliably
identify the accessory, several approaches have been
developed that are based on modifying or shaping the
detection pulse as discussed herein.
[0038] It is first noted that the human auditory system
is normally sensitive to frequencies from about 20 Hz to
around 20,000 Hz (20 kHz), which is defined herein as
the "human audible frequency range" (although this
range can vary somewhat between different humans).
Audio artifacts will generally only be audible to a human
being when they fall within the human audible frequency
range, or in the special case of amplitude limited pressure
conditions which will not be considered here.
[0039] Thus, one approach to avoiding audible arti-
facts is to shape detection pulses so that the energy con-
tent is mostly located at low frequencies that are inaudible
to humans (e.g., at frequencies less than 20 Hz), thus at
least substantially excluding frequency components
within the human audible frequency range (generally
meaning that at least a substantial portion of the frequen-
cies components within the human audible frequency
range are excluded, and in some cases all frequency
components within that range may be suppressed).
[0040] The impedance response of an audio accesso-
ry to this low frequency detection pulse can then be meas-
ured without normally introducing substantial audio arti-
facts. For instance, in some examples, this approach may
involve using detection pulses with frequencies at around
10 Hz or less. This approach can also be referred to as
using a "slow detection pulse".
[0041] However, since any finite pulse length will have
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a broad energy spectrum (as evidenced by Fourier anal-
ysis), any detection pulse, even a slow detection pulse,
will have some spectral leakage above the 20 Hz lower
limit of the human audible frequency range. Neverthe-
less, with a properly designed detection pulse it should
be possible to control this spectral leakage and keep at
least a substantial portion of the energy content below
the human audible frequency range and thereby make a
slow detection pulse at least substantially inaudible.
[0042] Unfortunately, using a slow detection pulse has
some problems. In particular, because of the low frequen-
cies, identifying an audio accessory using this approach
can take a very long time (relatively speaking). For ex-
ample, in some cases, it may take several seconds to
accurately identify an audio accessory using a low fre-
quency pulse, particularly when several detection pulses
are sent to validate results. This delay can be noticeable
to a user, and may lead to undesirable performance.
[0043] Moreover, when the audio accessory includes
an AC-coupled load (e.g., a LINE IN connection, such as
a capacitively connected input to an audio amplifier sys-
tem), the detection of that load may be difficult (or even
impossible) using low frequency detection pulses since
impedance is measured in a frequency range where the
load (i.e. the combination of an input capacitor and the
input impedance of the amplifier itself) is very high. This
tends to make the determination of the impedance inac-
curate.
[0044] Accordingly, using a low frequency detection
pulse may not always be suitable for detecting audio ac-
cessories and can lead to inaccurate results, particularly
where it is not supplemented by other methods.
[0045] It will now be noted that within the human audi-
ble frequency range, there is a minimum threshold am-
plitude below which a sound normally cannot be detect-
ed. For instance, Figure 5 shows a sensitivity map of the
human auditory response based on human hearing
range research of the audible frequency range. A lower
audible threshold curve 80 defines the minimum audibility
curve for an average human. Sounds below this curve
80 normally cannot be perceived (subject to variability
for different individuals with very good or very poor hear-
ing).
[0046] A second approach to avoiding audio artifacts
therefore involves applying a detection pulses that are
shaped to have a sufficiently low amplitude such that that
the energies of the detection pulse are at least substan-
tially below the lower audible human threshold for hear-
ing, thus at least substantially excluding energies that
are above the lower audible human threshold (generally
meaning that at least a substantial portion of the energies
above the lower audible human threshold are sup-
pressed, and in some cases all the energies above that
threshold are excluded).
[0047] This approach can be used even though the
detection pulse may include energies located within the
human audible frequency range (e.g., between 20 Hz
and 20 kHz) so long as the amplitudes are sufficiently

low. This approach may be faster than using a low fre-
quency detection pulse since the frequency of the detec-
tion pulse can be higher.
[0048] In order for the detection pulses to be inaudible
for most human individuals, including individuals with
good hearing, some tolerance may be given to account
for variability of the lower detection threshold. Accord-
ingly, in some embodiments using this approach the en-
ergy of the detection pulse may be more than some par-
ticular amount below the lower audible threshold curve
(for example, the energy of the detection pulse could be
shaped to be at least 10 dB less that the lower audible
threshold curve).
[0049] One challenge with this approach to avoiding
audio artifacts is that the low energy (low amplitude) sig-
nals can be highly susceptible to noise (e.g., these sig-
nals often have a poor signal-to-noise ratio). This may
lead to less accurate readings, or at least require multiple
detection pulses to validate the result, which can slow
the detection process when using this approach.
[0050] In some cases, a noise-like signal shaped to be
below the lower audible threshold curve may be used for
some period of time in order to get a sufficiently good
signal-to-noise ratio and still be able to detect impedanc-
es in which AC-coupled loads do not present any prob-
lems. For instance, as shown in Figure 9, according to
one method 260 the detection pulse (e.g., detection pulse
264) could be a spectrally shaped voltage pulse driven
by a pseudorandom noise generator (e.g., the noise gen-
erator 262) and then shaped with an inverse filter (e.g.,
the filter 266 as shown). The detected response signal
could then be integrated using the pseudorandom noise
generator as reference for a cross-correlation measure-
ment of the impedance value (see for example Figure 10).
[0051] A third approach to avoiding audible artifacts
involves using shaped detection pulses with a spectral
content that is above the audible frequency range (e.g.,
a high-frequency detection pulse above 20 kHz) so that
the pulse is generally inaudible to a human being (thus
at least substantially excluding frequency components
within the human audible frequency range).
[0052] This approach may allow accessory detection
to be very fast. Furthermore, higher frequency detection
pulses tend to be good at detecting AC-coupled loads
since any input coupling capacitors will tend not disturb
the impedance measurements at these frequencies. This
approach also tends to have a good signal-to-noise ratio
and thus be resistant to noise since the energy levels of
the detection pulse can be relatively high.
[0053] However, if the load includes some capacitance
in parallel with the load (e.g., a capacitor in parallel with
a microphone), then this type of measurement will tend
to become less and less accurate as higher frequencies
are used (unless a more complicated measurement of
the complex impedance is performed, in which case it
may be possible to distinguish between the imaginary
and real impedance part).
[0054] Therefore, the use of very high frequencies (e.g.
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above 100 kHz) should likely be used only when the ef-
fects of parasitic capacitance and inductance will not sig-
nificantly affect the measurement, or when a more com-
plicated complex impedance measurement is possible
(however this may be prohibitive due to cost reasons).
[0055] It may be possible to avoid or at least suppress
the influence of capacitance and inductance in parallel
with the load when the measurement is taken at a finite
time after the excitation pulse has changed (i.e. an initial
transient has died out) thereby making the measurement
generally immune to these effects. In some embodi-
ments, this can be accomplished by having the detection
pulse stable for at least 12 microseconds (or even 15
microseconds or more), which fits nicely with a 32.768
kHz clock oscillator that may be present on many elec-
tronic devices. In this configuration, the sampling of one
or more values should first be undertaken after the de-
tection pulse is stable for this finite amount of time.
[0056] The capacitance in series with the load will still
conduct current after the initial transient has died out,
since the RC-constant for a LINE IN connection is typi-
cally below 20 Hz, or significantly below the frequency
of operation.
[0057] However, if the sampling event is instead cho-
sen to be just at the onset of the initial transient, a meas-
urement of the combined resistance and capacitance can
be made, after which the capacitance can be estimated
by subtracting the resistance.
[0058] For example, Figure 12 shows how currents
from parasitic capacitance may be avoided by careful
sampling at specific times. This approach might be used
to detect the presence and polarity of an attached cable.
[0059] Furthermore, due to the higher impedances in-
volved when measuring on LINE loads (e.g., 10k - 47
kOhm), a detection pulse with a high amplitude is often
used. If such a high amplitude detection pulse is applied
directly to a low impedance load, such as a low imped-
ance (e.g., 32 Ohm) sensitive audio accessory (e.g.,
headphones), large clicks or other audio artifacts might
be heard by a user unless precautions are taken to limit
the spectral leakage from the detection pulse so it does
not appear within the human audible frequency range.
[0060] Moreover, this approach may be problematic
with some headphones or other accessories that contain
active signal conditioning circuits. In such cases, the ac-
tive electronics may present an impedance that varies
with frequency (e.g., input filters). Thus, the measured
impedance at a high frequency outside the human audi-
ble frequency range may not be the same value as the
impedance within the human audible frequency range.
[0061] For all three approaches to avoiding audio arti-
facts, it may be desirable to shape the spectrum of the
emitted detection pulse to try and eliminate at least some
audible artifacts.
[0062] For example, when using a slow detection
pulse, the spectral leakage from the lower frequencies
to higher audible frequencies could be limited to suppress
audible artifacts. In some embodiments, spectral leakage

can be limited by using a detection pulse with a known
low leakage (such as a sinc-shaped pulse) that is com-
bined with a known good windowing function (such as a
Gaussian, flat-top or Blackman-Harris type windowing
function, as shown in Figure 11 for example).
[0063] The desired spectral characteristics of the
leaked energy inside the human audible frequency range
may determine the dynamic range of the output pulse
and the attenuation needed to suppress audible artifacts.
[0064] With the second approach to avoiding audible
artifacts, the audibility of the detection pulse could be
limited by spectral shaping. As a first example, a noise
generator with flat spectral characteristics may be used
to generate the detection pulse. However, before emitting
the pulse, the pulse may be attenuated with a transfer
function that is generally the opposite of the human hear-
ing ability (e.g., the opposite of the curve 80 as shown in
Figure 5).
[0065] In this way it should possible to transfer a sig-
nificant amount of energy within the human audible fre-
quency range without the detection pulse being audible
to most human beings. Moreover, this should allow de-
tection of the audio accessory to be achievable within a
very small amount of time.
[0066] In the third approach (using a high-frequency
detection pulse), to suppress artifacts short detection
pulses can used with an envelope that minimizes the
spectral leakage within the human audible frequency
range (or at least limits the spectral leakage so that the
detection pulses are substantially inaudible).
[0067] In various embodiments, shaping the detection
pulse can be done using different techniques.
[0068] In one embodiment, a special spectrally shaped
detection pulse can be stored in hardware and generated
on command (i.e. as a particular voltage pattern). This
sequence can then be sent to the audio accessory as a
special inaudible waveform when desired.
[0069] In some embodiments, an inaudible waveform
can be stored in a ROM or implemented as an algorithm
(e.g., a triangular generator) and controlled by a counter.
The output coefficients could be fed to a DAC (digital to
analog converter) or they could be directly implemented
using variable size resistors or capacitors that (in an an-
alog fashion) implement the waveform shape thereby
eliminating the need for a DAC.
[0070] When implementing a generally inaudible
waveform that exploits the low audibility of low frequen-
cies (e.g., frequencies below the limit of human hearing)
the pulse waveform should be implemented correctly.
For example, the waveshape chosen can be a window
function such as a triangular, Gaussian, Blackman-Harris
or some other window shape with known good attenua-
tion of sidelobes and low spectral leakage.
[0071] For example, as shown in Figure 6, in one meth-
od 200 a DC voltage source 202 can be used to generate
a raw detection pulse 204, which is then subjected to a
window function 206. The resulting signals can be mul-
tiplied using a multiplier 208 and then outputted as a gen-
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erally inaudible detection pulse which is sent to the audio
accessory.
[0072] Furthermore, some attention should be paid to
the discretized values since otherwise this may result in
audible noise. As an example, the use of a triangular
window and a low number of discretized steps to repre-
sent a waveform may result in audible tones, since this
waveform can be represented as the addition of a perfect
triangular waveform superimposed with a high frequency
square wave with an amplitude equal to the discretization
steps. This may be audible due to the high sensitivity to
tones of the human ear.
[0073] Therefore, if a sufficient number of steps are
not available as the output from a particular window func-
tion, dithering (or an output filter) may be used after the
window function. In other cases, noise shaping may be
used thereby pushing the quantization noise out of the
audible range to avoid the effects of quantization. Alter-
natively, in some other cases the window function may
be implemented using an analog circuit without any steps
(e.g., to charge and discharge a capacitor at a controlled
rate).
[0074] When sending out pulses that are located in the
audible band (e.g., between 20 Hz to 20 kHz) particular
attention should be paid to the sections of the band where
the human ear is the most sensitive. Therefore, in some
cases either the pulse should be attenuated in this band
as much as possible or a pulse should either be located
below or above the most sensitive parts of the spectrum
(or both).
[0075] Furthermore, and in order to get reasonable de-
tection times with this approach, it may be beneficial to
emit broadband noise as a detection pulse, thereby dis-
tributing the energy into multiple bands.
[0076] An example of a suitable weighting curve for
this method is the inverse of the A-weighting curve (e.g.,
filter 266 shown in Figure 9) that may be used in order
to send out more energy in the energy bands where the
human ear is less sensitive. Accordingly it should be pos-
sible to emit a considerable amount of energy within a
limited time and make this detection pulse at least sub-
stantially inaudible to a human being.
[0077] One example of a spectrally shaped pulse, a
unipolar pulse as shown in Figure 11, can be compared
to a bipolar pulse. A unipolar pulse with a duration of T
will have an energy peak at DC and a null at 1/T. This
pulse can be represented in the frequency domain as a
Tsinc(fT) function and has wide leakage. On Figure 11,
T=1/32768, although in other embodiments other values
for T could be used.
[0078] The spectrum of this pulse will be almost flat at
low frequencies, though if it is A-weighted, there will be
a large decrease at the lowest frequencies due to the
poorer sensitivity of the ear.
[0079] The bipolar pulse with duration of T can be rep-
resented in the frequency domain as j2Tsinc(fT)sin(πfT).
The spectral leakage will be lower since this pulse has
no DC-component. Therefore if this pulse is made suffi-

ciently quick it will be inaudible to a human being.
[0080] However, due to the finite settling time of some
audio accessories, there are normally limits to how short
the detection pulse can be made. In some cases, further
improvement can be obtained by changing the window
function from a rectangular window to another window
function with better spectral characteristics (and in some
cases including multiple periods) before applying the win-
dow function. Additional examples are provided in Figure
11, including a unipolar sinusoidal pulse, and a bipolar
sinusoidal pulse. In particular, it should be noted that nei-
ther of the bipolar pulses (either rectangular or sinusoi-
dal) will have a DC-component.
[0081] In some embodiments, as shown in Figure 7 for
example, according to another method 220 spectral
shaping can be performed by a highpass filter 226 located
on the electronic device (e.g., the electronic device 12).
In particular, a high frequency voltage source 222 can
gated by a switch controlled by a short pulse generator
224, which is then filtered by the highpass filter 226 to
be generally inaudible.
[0082] In this manner, those portions of the generated
pulse with frequencies within the audible frequency range
can be suppressed (or even eliminated). For example,
the highpass filter could have a cutoff frequency above
20 kHz (or above 25 kHz, or even above 30 kHz) so that
only energy above this threshold is sent to the audio ac-
cessory. The detection pulse should therefore be at least
substantially inaudible to a human being.
[0083] It is generally desirable that the detection pulse
be modulated at a frequency that is outside the human
audible frequency range, while at the same time be suf-
ficiently long such that the speakers inside the accessory
will settle to a stable current when a voltage is applied
thereto. This usually happens after a transient period of
approximately 12 microseconds (at most), and in some
cases much less time is required.
[0084] Therefore, with some tolerance, a pulse with a
half-period of 15 microseconds could be used, which fits
particularly well with a frequency of 32.768 kHz (a com-
mon oscillation frequency of components in many elec-
tronic devices), since this is within the desired frequency
range (e.g., above 20 kHz), is very accurate, and may
enable low power operation of the electronic device while
detection is being accomplished.
[0085] There may be some design limitations that
present challenges to implementing this third approach.
For example, the finite attenuation of real-world high-
pass filters and the limited resolutions and lengths of the
shaped detection pulses may result in a small amount of
energy still leaking though in the audible frequency
range.
[0086] One further limitation is that it is desirable to
have short detection times both from a user experience
point of view, but also since very long sequences will
tend to be more complicated to implement. Moreover,
the risk of audio artifacts (e.g., clicks and pops) during
insertion of the accessory rises in partial insertion sce-
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narios, where the detection starts after the accessory has
been partially inserted and the user subsequently com-
pletes the full insertion of the audio plug.
[0087] In such cases, the user may fully connect the
audio accessory only after the detection has started, and
there will be a chance that am electrical connection is
made in the middle of a detection sequence, starting the
sequence at high amplitude. In this scenario, the initial
transient may be audible as an audio artifact.
[0088] With proper design, however, it should be pos-
sible to adjust the energy content within the audible fre-
quency range to amplitudes below the human hearing
threshold (e.g., below the curve 80 as shown in Figure
5) and thereby tend to make the detection pulse truly
inaudible even within practical constraints.
[0089] In some embodiments, the method 200 of Fig-
ure 6 and the method 220 of Figure 7 may be combined
into a method 240 as shown in Figure 8, which can allow
for the selection of either a DC test (e.g., using the DC
voltage source 202) or an AC test (e.g., using the high
frequency voltage source 222). This embodiment may
be particularly useful as it may allow different detection
pulses to be sent under different circumstances, for in-
stance for testing of DC and AC coupled loads.
[0090] Turning back to Figure 2, illustrated therein is a
schematic diagram comparing the audibility of detection
pulses, including an unshaped detection pulse 60 and a
shaped detection pulse 62, according to one embodi-
ment. As shown, the unshaped detection pulse 60 in-
cludes a significant portion of energy within the audible
frequency range (e.g., between 20 Hz and 20,000 Hz),
although a portion of the pulse 60 is above the upper
frequency threshold 70 of the audible frequency range
(i.e. a portion of the pulse 60 is at a frequency above
20,000 Hz).
[0091] However, for the shaped detection pulse 62, a
significant portion of the energy in the audible frequency
range has been suppressed (i.e. the shaped detection
pulse 62 at least substantially excludes frequency com-
ponents within the human audible frequency range). In
particular, as evident by visual inspection the portion of
the shaped detection pulse 62 below the upper threshold
70 is much smaller as compared to the unshaped detec-
tion pulse 60. Thus, the shaped detection pulse 62 should
create far fewer audible artifacts as compared to the un-
shaped pulse 60.
[0092] Furthermore, if the amplitudes of those portions
of the shaped detection pulse 62 within the audible fre-
quency range are below the human threshold for hearing
(e.g., below curve 80, with energies above the curve 80
being at least substantially excluded), then the entire
shaped detection pulse 62 should be inaudible to a hu-
man user.
[0093] In some embodiments, with design effort and
using a short filter order, it may be possible to attenuate
the energy content within the audible frequency range
by as much as 30 to 40 dB, thereby making the noise
lower than usual background noise, and if possible lower

than the human hearing threshold curve 80 (i.e. so that
energies above the threshold curve 80 are substantially
excluded).
[0094] As one specific example, the sequence {2, -6,
12, -18, 21, -18, 12, -6, 2} (representing the filter coeffi-
cients of a 8-th order finite impulse response (FIR) filter)
will give significantly lower audible acoustic output as
compared to a single sequence filter (assuming the same
energy output).
[0095] In some embodiments, if the waveform is im-
plemented using a modulated square wave, this can be
done using a current source, with five resistors of values
{2, 6, 12, 18, 21 and switches to control which resistor
value is chosen.
[0096] In another implementation, resistors with values
{2, 3, 6, 12} can be used in combination to obtain the
desired values, but with a smaller total area.
[0097] Similarly, another implementation could use a
finite number of charged capacitors to represent the de-
sired values.
[0098] In one embodiment, coefficients were found by
designing a digital 10-th order highpass filter with a cutoff
of 0.85 of the Nyquist limit (half the sample frequency)
and quantized to finite values using rounding after mul-
tiplying with a factor of 100 (the two outermost coefficients
became zero). The spectrum of this sequence is shown
in Figure 2 and labeled as curve 62 and compared to
other sequences. The curves have been A-weighted
when the spectrum was plotted and the energy for each
pulse was normalized to be the same (A-weighting is an
appropriate filtering for this curve, since the amplitude is
of low value). This means that the curves represent the
disturbance of each pulse as compared to each other, in
different frequency bands while taking the sensitivity of
the human ear into account.
[0099] The unshaped pulse 60 shows the spectrum of
a monopolar pulse and while curve 66 shows the spec-
trum of a bipolar pulse. As evident by visual inspection,
the use of the bipolar pulse 66 results in some attenuation
of the audible spectrum below 5 kHz in the range of 10-30
dB, though there is less difference above 5 kHz.
[0100] A detection pulse using 9 coefficients and la-
beled as shaped pulse 62 shows an attenuation of more
than 30 dB up to about 17 kHz, and considerable atten-
uation between 17 kHz up to 20 kHz.
[0101] Curve 64 on the other hand shows the results
of a longer sequence, in this case a triangular window
that is modulated by a square wave with 99 taps (resulting
in the sequence {1, -2, +3, -4, ..., 49, -50, 49, ... -2, 1 }.
It is well known that the triangular window has significant
sidelobes. However, this technique may be relatively sim-
ple to implement in hardware and the spectral curve 64
shows a very significant attenuation of spectral leakage
as compared to the other curves, showing the advantag-
es of using longer sequences.
[0102] In general, effective attenuation of audible ef-
fects can be obtained by multiplying a high frequency
periodic sequence outside the audible bandwidth (e.g.,
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a sine or a square wave) with a window function (e.g., a
Gaussian window) or by shaping a detection pulse with
a filter. These methods have been confirmed with both
listening tests and quantitative measurements. Specifi-
cally, an exemplary sequence was fed to a D/A converter
(DAC) and compared against a monopole and bipolar
square impulse. The result was significant reductions in
the perceived acoustic noise, even though all three puls-
es were scaled to have same maximum amplitude. The
stem plot of the example sequence is shown in Figure 3.
In some cases, the audio performance could be improved
further by imposing the same output energy for all three
pulses.
[0103] It should be noted that the shaped pulses were
slightly longer in the time domain than the original pulses,
but this should be of minor concern, since the extra delays
are on the order of fractions of a millisecond.
[0104] However, if longer sequences are used (e.g.,
50-200 samples), the delay could be up to one millisec-
ond or longer, which could add significant detection de-
lays, particularly if multiple pulses are used to test differ-
ent impedances and different configurations.
[0105] In some embodiments, multiple pulses may be
used in order to check for different impedance values.
For instance, a generator with a high output impedance
may be used to test high impedance loads, while a lower
output impedance may be used to test lower impedance
loads. This scheme may be used to reduce the errors
made when making electrical measurements of particu-
lar audio accessories.
[0106] One advantage of the longer detection pulses
is a further reduction of spectral leakage, thereby making
the pulses fully inaudible. In addition, quantitative meas-
urements showed more than 30 dB of attenuation using
this approach as compared to an unshaped pulse.
[0107] In some embodiments, the systems and meth-
ods as described herein can be implemented as part of
a custom hardware (e.g., an ASIC or other circuit) that
can handle jack detection. Such a custom circuit may
require minimal extra silicon area on the electronic de-
vice, thereby making it cost effective and realistic to im-
plement.
[0108] In some embodiments, a detection circuit can
be made using an array of charged capacitors of various
sizes (or as an array of resistors of various values) that
store the desired waveform so that it can be generated
when desired. Accordingly, it may not be necessary to
implement a digital memory and a digital-analog convert-
er (DAC) in order to carry out some of the spectral shaping
methods as generally described herein.
[0109] In some embodiments, the teachings herein
may be implemented using one or more highpass filter
(e.g., an analog filter, or digital filter, or both), and in such
cases the pulse waveform need not be stored. The suit-
ability of this approach may depend on the spectral char-
acteristics of the available filtering technologies.
[0110] In some cases, in order to obtain a desired sig-
nal-to-noise ratio (SNR) for the detection pulse, and ob-

tain accurate results, one approach may be to use
matched filtering when receiving the transmitted detec-
tion pulse back at the electronic device. In this manner,
the influence of noise can be reduced, thereby improving
the sensitivity of the detection method.
[0111] For example, Figure 10 shows a schematic of
a method 280 that includes multiplying the received re-
sponse signal and the detection pulse (e.g., using a mul-
tiplier 282). It is generally beneficial that the signal is sam-
pled after the initial transient has died out to avoid errors
due to additional capacitance and inductance in the sys-
tem and from the accessory.
[0112] Therefore, a received detection signal should
be sampled at a suitable time using sampler 283. For
example, if a resistive measurement is desired, then the
sampling should be done at the end of each step value.
The resulting signal may then be integrated (e.g., using
an integrator 284).
[0113] In some embodiments, the integrated signal
may then pass through a threshold detector 286 before
the resulting signal is used to determine the impedance
of the observed audio accessory.
[0114] In some embodiments, detection could be im-
plemented by multiplying the received pulse with the orig-
inal waveform, sampling at the correct time, integrating
this pulse shape and using the final integrated value for
a threshold detector.
[0115] In some embodiments, it may be possible to
transmit the shaped detection pulse twice, with the sec-
ond pulse having an inverted amplitude as compared to
the first pulse. By subtracting these two detection pulses,
any external influences of noise at lower frequencies
should be cancelled, thereby making the detection meth-
ods more robust.
[0116] In some embodiments, it may be possible to
transmit the shaped detection pulses multiple times with
different polarities or different shapes (or both) in order
to remove noise in specific sensitive frequency bands.
[0117] In some embodiments, the received pulses
should be gated, and pulses with a certain length should
be used in order to make sure the received pulses have
fully settled before taking a measurement. Typically a
settling time of 15 microseconds or longer may be enough
for some audio accessories, such as headsets and head-
phones. By combining finite pulses with spectral shaping,
detection of audio accessories can be done in a generally
inaudible manner.
[0118] Turning now to Figure 4, illustrated therein is an
electronic device 110 and audio accessory 150 according
to one embodiment. As discussed above, the electronic
device 110 may be adapted to detect whether a particular
audio accessory 150 is coupled to the electronic device
110 by monitoring an impedance detected by the elec-
tronic device 110 through an audio jack 111, with spectral
shaping being used to ensure that the detection pulse is
generally inaudible and generally does not cause unde-
sired audio artifacts.
[0119] Similar to as in Figure 1, the audio accessory
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150 may include one or more speakers. In this embodi-
ment, the input impedance between two pins of the ac-
cessory, ZIN 152 represents one or more speakers. In
other cases ZIN may represent a microphone or the input
impedance of an amplifier or some other component.
[0120] In this embodiment, the electronic device 110
is adapted to generate a shaped detection pulse lp on a
ground return line 114 of the audio jack 111. For example,
depending on the particular configuration of the audio
jack 111, the shaped detection pulse IP can be applied
to the SLEEVE of a TRS jack, or RING2 and SLEEVE in
a TRRS jack, or to the TIP or RING1.
[0121] As shown, the pulse IP could be generated in a
raw or unshaped format by a pulse generator 140, and
then filtered by a high pass filter 144 to obtain a desired
waveform (e.g., with at least a substantial portion of the
energy content located outside the audible frequency
range).
[0122] In some embodiments, the shaped detection
pulse IP is a voltage pulse, which could for example be
generated by a voltage source that is coupled to, or part
of, the pulse generator 140.
[0123] In some embodiments, the shaped pulse IP may
have a magnitude of between about -50 mV to +50 mV.
[0124] The shaped detection pulse IP is sent to the au-
dio accessory 150 and returns back to the electronic de-
vice 110 (in this embodiment) via the audio line 114 as
a response signal IR that is indicative of the impedance
of the audio accessory 150. As shown, in this embodi-
ment the response signal IR is monitored by a detector
154 on the electronic device 110.
[0125] In some embodiments, during an impedance
measurement, the amplifier 110 may be tri-stated in order
not to disturb the measurement.
[0126] In some embodiments, a headphone amplifier
may be used to directly output the detection pulse.
[0127] The electronic device 110 can then compare
the measured response signal IR to known impedance
values for known audio accessories in order to identify
the particular audio accessory 150 (i.e. known imped-
ance values for known audio accessories may be stored
in a memory).
[0128] In some embodiments, a plurality of shaped de-
tection pulses IP can be sent to the audio accessory to
validate the measured impedance. In some embodi-
ments, the plurality of shaped detection pulses IP gener-
ate a plurality of response signals IR that can be averaged
to determine an averaged impedance. In some embod-
iments, the averaging may be done by a processor or
other processing device.
[0129] Depending on what audio accessory 150 is de-
tected by the electronic device 110, the electronic device
110 can take one or more actions. For instance, the elec-
tronic device 110 may compensate for or take advantage
of different functions and capabilities of the particular au-
dio accessory 150. In some examples, the electronic de-
vice 110 can adjust audio output volume sent over the
audio line 114 of the jack 111 for high output audio ac-

cessories, can disable the microphone line when a mi-
crophone is not present, can output only mono audio
when a mono-only audio accessory is detected, and so
on.
[0130] Returning again to Figure 5, as shown the lower
threshold curve 80 defines the minimum audibility curve
for humans. It is evident by visual inspection that there
is significant variation in the sensitivity of the average
human being to sound intensity depending on the fre-
quency of the sound. For instance, within the audible
frequency range, the human ear is especially sensitive
to frequencies between 300 Hz and 6 kHz, and even
more sensitive to frequencies between 2 kHz and 5 kHz.
[0131] This suggests that the spectral leakage within
these frequency bands should be limited more than in
other frequency bands of the audible range. In particular,
if the second approach for generating a detection pulse
is used, it may be desirable to add extra attenuation (e.g.,
by using a bandstop filter) to this range of frequencies.
[0132] Sounds within the more sensitive frequency
ranges will normally be perceived by a human being as
being louder than sounds falling outside of the sensitive
frequency ranges, even when objectively the sound in-
tensity is the same.
[0133] Thus, in some embodiments, particularly in re-
al-world embodiments using real filters, the spectral
shaping of the detection pulse can be configured to par-
ticularly reduce the signal amplitude between 300 Hz and
6 kHz, and more particularly between 2 kHz and 5 kHz.
[0134] For example, as shown in Figure 2, the shaped
detection pulse 62 has a generally low energy between
the two thresholds 74 and 72 corresponding to 2 kHz and
5 kHz ranges, respectively. Thus, in practical terms, de-
tection of this shaped detection pulse 62 may be very
difficult for a human user.
[0135] In general, by shaping a detection pulse with
energies that are either outside of the audible frequency
range (e.g., either above or below) or below the threshold
curve 80 for human sensitivity, or some combination
thereof, it may be possible to detect what particular audio
accessories are coupled to the electronic device in a gen-
erally inaudible manner.
[0136] The foregoing aspects of the method and the
electronic device are provided for exemplary purposes
only. Those skilled in the art will recognize that various
changes may be made thereto without departing from
the scope of the, systems, methods and electronic de-
vices that may be defined by the appended claims.

Claims

1. A method of identifying an audio accessory (14, 150)
coupled to an electronic device (12, 110), compris-
ing:

applying at least one detection pulse (62, 264)
to the audio accessory, each detection pulse be-
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ing spectrally shaped to be inaudible to a human
user, wherein the shaped detection pulse (62)
includes a high-frequency detection pulse;
receiving at least one response signal corre-
sponding to each detection pulse and measur-
ing the at least one response signal after it has
settled to determine an impedance of the audio
accessory, wherein each detection pulse is suf-
ficiently long such that the at least one response
signal will settle to a stable current; and
based on the determined impedance, identifying
the audio accessory.

2. The method of claim 1, wherein the high-frequency
detection pulse has an energy content that is above
an audible frequency range.

3. The method of any preceding claim wherein the
shape of the detection pulse (62, 264) is stored in
hardware.

4. The method of any preceding claim, wherein the de-
tection pulse (62, 264) is shaped using a highpass
filter (144, 226) located between a pulse generator
(140, 224) on the electronic device (12, 110) and the
audio accessory (14, 150), and optionally wherein
the highpass filter has a cutoff frequency above 20
kHz.

5. The method of claim 4, wherein at least a portion of
the shaped detection pulse (62) leaks though the
highpass filter (144, 226) into the audible frequency
range, and optionally wherein the leaked portion is
shaped to be below the lower audible human thresh-
old.

6. The method of any preceding claim, further compris-
ing applying matched filtering to the response signal
to reduce the influence of noise.

7. The method of any preceding claim, wherein the at
least one shaped detection pulse (62) includes a plu-
rality of shaped detection pulses, and optionally
wherein the plurality of shaped detection pulses gen-
erate a plurality of response signals, and the plurality
of response signals are averaged to determine the
impedance.

8. The method of any preceding claim wherein at least
one of the shaped detection pulses (62) has inverted
amplitude and is subtracted from another shaped
detection pulse to reduce the influence of noise.

9. An electronic device (12, 110) configured to identify
an audio accessory (14, 150) coupled thereto, the
device comprising:

a pulse generator (140, 224) that generates at

least one high frequency detection pulse (264)
and applied the detection pulse to an audio ac-
cessory over an audio jack (111), each detection
pulse being spectrally shaped to be generally
inaudible to a human user; and
a detector (154, 286) for receiving at least one
response signal, and measuring the at least one
response signal after it has settled to determine
an impedance of the audio accessory, each re-
sponse signal corresponding to one of the at
least one detections pulse; wherein
each detection pulse is sufficiently long such that
the at least one response signal will settle to a
stable current.

10. The electronic device (12, 110) of claim 9, wherein
the shaped detection pulse (62) includes a high-fre-
quency detection pulse, and optionally wherein the
high-frequency detection pulse has an energy con-
tent that is above an audible frequency range.

11. The electronic device (12, 110) of claim 9 or claim
10, wherein the at least one shaped detection pulse
(62) includes a plurality of shaped detection pulses
generated by the pulse generator (140, 224), and
optionally wherein the plurality of shaped detection
pulses generate a plurality of response signals de-
tected by the detector (154, 286), and the plurality
of response signals are averaged to determine the
impedance.

Patentansprüche

1. Verfahren zum Identifizieren eines Audiozubehörs
(14, 150), das an eine elektronische Vorrichtung (12,
110) gekoppelt ist, wobei das Verfahren umfasst:

Anwenden wenigstens eines Detektionsimpul-
ses (62, 264) auf das Audiozubehör, wobei jeder
Detektionsimpuls spektral geformt ist, um für ei-
nen menschlichen Anwender unhörbar zu sein,
wobei der geformte Detektionsimpuls (62) einen
Hochfrequenz-Detektionsimpuls enthält;
Empfangen wenigstens eines Antwortsignals,
das jedem Detektionsimpuls entspricht, und
Messen des wenigstens einen Antwortsignals,
nachdem es eingeschwungen ist, um eine Im-
pedanz des Audiozubehörs zu bestimmen, wo-
bei jeder Detektionsimpuls ausreichend lang ist,
so dass das wenigstens eine Antwortsignal zu
einem stabilen Strom einschwingt; und
basierend auf der bestimmten Impedanz Iden-
tifizieren des Audiozubehörs.

2. Verfahren nach Anspruch 1, wobei der Hochfre-
quenz-Detektionsimpuls einen Energieinhalt auf-
weist, der sich über einem hörbaren Frequenzbe-
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reich befindet.

3. Verfahren nach einem vorhergehenden Anspruch,
wobei die Form des Detektionsimpulses (62, 264)
hardware-technisch gespeichert ist.

4. Verfahren nach einem vorhergehenden Anspruch,
wobei der Detektionsimpuls (62, 264) unter Verwen-
dung eines Hochpassfilters (144, 226), das sich zwi-
schen einem Impulsgenerator (140, 224) in der elek-
tronischen Vorrichtung (12, 110) und dem Audiozu-
behör (14, 150) befindet, geformt wird und wobei op-
tional das Hochpassfilter eine Grenzfrequenz über
20 kHz aufweist.

5. Verfahren nach Anspruch 4, wobei wenigstens ein
Anteil des geformten Detektionsimpulses (62) durch
das Hochpassfilter (144, 226) in den hörbaren Fre-
quenzbereich austritt und wobei optional der ausge-
tretene Anteil geformt ist, so dass er sich unter der
unteren menschlichen Hörbarkeitsschwelle befin-
det.

6. Verfahren nach einem vorhergehenden Anspruch,
das ferner das Anwenden einer angepassten Filte-
rung auf das Antwortsignal umfasst, um den Einfluss
des Rauschens zu verringern.

7. Verfahren nach einem vorhergehenden Anspruch,
wobei der wenigstens eine geformte Detektionsim-
puls (62) mehrere geformte Detektionsimpulse ent-
hält und wobei optional die mehreren geformten De-
tektionsimpulse mehrere Antwortsignale erzeugen
und die mehreren Antwortsignale gemittelt werden,
um die Impedanz zu bestimmen.

8. Verfahren nach einem vorhergehenden Anspruch,
wobei wenigstens einer der geformten Detektions-
impulse (62) eine invertierte Amplitude aufweist und
von einem weiteren geformten Detektionsimpuls ab-
gezogen wird, um den Einfluss des Rauschens zu
verringern.

9. Elektronische Vorrichtung (12, 110), die konfiguriert
ist, ein an sie gekoppeltes Audiozubehör (14, 150)
zu identifizieren, wobei die Vorrichtung umfasst:

einen Impulsgenerator (140, 224), der wenigs-
tens einen Hochfrequenz-Detektionsimpuls
(264) erzeugt und den Detektionsimpuls über
eine Audiobuchse (111) in ein Audiozubehör
einspeist, wobei jeder Detektionsimpuls spek-
tral geformt ist, um für einen menschlichen An-
wender im Allgemeinen unhörbar zu sein; und
einen Detektor (154, 286) zum Empfangen we-
nigstens eines Antwortsignals und Messen des
wenigstens einen Antwortsignals, nachdem es
eingeschwungen ist, um eine Impedanz des Au-

diozubehörs zu bestimmen, wobei jedes Ant-
wortsignal einem des wenigstens einen Detek-
tionsimpulses entspricht; wobei
jeder Detektionsimpuls ausreichend lang ist, so
dass das wenigstens eine Antwortsignal zu ei-
nem stabilen Strom einschwingt.

10. Elektronische Vorrichtung (12, 110) nach Anspruch
9, wobei der geformte Detektionsimpuls (62) einen
Hochfrequenz-Detektionsimpuls enthält und wobei
optional der Hochfrequenz-Detektionsimpuls einen
Energieinhalt aufweist, der sich über einem hörba-
ren Frequenzbereich befindet.

11. Elektronische Vorrichtung (12, 110) nach Anspruch
9 oder Anspruch 10, wobei der wenigstens eine ge-
formte Detektionsimpuls (62) mehrere geformte De-
tektionsimpulse enthält, die durch den Impulsgene-
rator (140, 224) erzeugt werden, und wobei optional
die mehreren geformten Detektionsimpulse mehre-
re Antwortsignale erzeugen, die durch den Detektor
(154, 286) detektiert werden, wobei die mehreren
Antwortsignale gemittelt werden, um die Impedanz
zu bestimmen.

Revendications

1. Procédé d’identification d’un accessoire audio (14,
150) relié à un dispositif électronique (12, 110), con-
sistant à :

appliquer au moins une impulsion de détection
(62, 264) à l’accessoire audio, chaque impulsion
de détection étant mise en forme spectralement
de façon à être inaudible d’un utilisateur humain,
dans lequel l’impulsion de détection mise en for-
me (62) comporte une impulsion de détection à
haute fréquence ;
recevoir au moins un signal de réponse corres-
pondant à chaque impulsion de détection et me-
surer ledit au moins un signal de réponse après
qu’il s’est stabilisé afin de déterminer une impé-
dance de l’accessoire audio, dans lequel cha-
que impulsion de détection est suffisamment
longue pour que ledit au moins un signal de ré-
ponse se stabilise en un courant stable ; et
sur la base de l’impédance déterminée, identi-
fier l’accessoire audio.

2. Procédé selon la revendication 1, dans lequel l’im-
pulsion de détection à haute fréquence a un contenu
en énergie qui est supérieur à une gamme de fré-
quences audibles.

3. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la forme de l’impulsion de
détection (62, 264) est stockée dans un matériel.
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4. Procédé selon l’une quelconque des revendications
précédentes, dans lequel l’impulsion de détection
(62, 264) est mise en forme au moyen d’un filtre pas-
se-haut (144, 226) situé entre un générateur d’im-
pulsions (140, 224) sur le dispositif électronique (12,
110) et l’accessoire audio (14, 150), et facultative-
ment, dans lequel le filtre passe-haut présente une
fréquence de coupure supérieure à 20 kHz.

5. Procédé selon la revendication 4, dans lequel au
moins une partie de l’impulsion de détection mise en
forme (62) fuit à travers le filtre passe-haut (114,
226), dans la gamme de fréquences audibles, et fa-
cultativement, dans lequel la partie de fuite est mise
en forme de façon qu’elle soit inférieure au seuil audi-
ble humain inférieur.

6. Procédé selon l’une quelconque des revendications
précédentes, consistant en outre à appliquer un fil-
trage adapté au signal de réponse afin de réduire
l’influence du bruit.

7. Procédé selon l’une quelconque des revendications
précédentes, dans lequel ladite au moins une impul-
sion de détection mise en forme (62) comporte une
pluralité d’impulsions de détection mises en forme
et facultativement, dans lequel la pluralité d’impul-
sions de détection mises en forme génère une plu-
ralité de signaux de réponse, et la pluralité de si-
gnaux de réponse est moyennée pour déterminer
l’impédance.

8. Procédé selon l’une quelconque des revendications
précédentes, dans lequel au moins l’une des impul-
sions de détection mises en forme (62) présente une
amplitude inversée et est soustraite à une autre im-
pulsion de détection mise en forme afin de réduire
l’influence du bruit.

9. Dispositif électronique (12, 110) configuré pour iden-
tifier un accessoire audio (14, 150) qui lui est relié,
le dispositif comprenant :

un générateur d’impulsions (140, 224) qui gé-
nère au moins une impulsion de détection à hau-
te fréquence (264) et applique l’impulsion de dé-
tection à un accessoire audio par l’intermédiaire
d’une fiche audio (111), chaque impulsion de
détection étant mise en forme spectralement de
façon qu’elle soit généralement inaudible d’un
utilisateur humain ; et
un détecteur (154, 286) pour recevoir au moins
un signal de réponse, et mesurer ledit au moins
un signal de réponse après qu’il s’est stabilisé
afin de déterminer une impédance de l’acces-
soire audio, chaque signal de réponse corres-
pondant à l’une de la ou des impulsions de
détection ;

chaque impulsion de détection est suffisamment
longue pour que ledit au moins un signal de ré-
ponse se stabilise en un courant stable.

10. Dispositif électronique (12, 110) selon la revendica-
tion 9, dans lequel l’impulsion de détection mise en
forme comporte une impulsion de détection à haute
fréquence et facultativement, dans lequel l’impulsion
de détection à haute fréquence présente un contenu
en énergie qui est supérieur à une gamme de fré-
quences audibles.

11. Dispositif électronique (12, 110) selon la revendica-
tion 9 ou la revendication 10, dans lequel ladite au
moins une impulsion de détection mise en forme (62)
comporte une pluralité d’impulsions de détection mi-
ses en forme générées par le générateur d’impul-
sions (140, 224) et facultativement, dans lequel la
pluralité d’impulsions de détection mises en forme
génère une pluralité de signaux de réponse détectés
par le détecteur (154, 286), et la pluralité de signaux
de réponse est moyennée pour déterminer l’impé-
dance.
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