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(54) Electronic device adapted for detecting a vehicle audio system

(57) According to some aspects an electronic device
adapted to detect whether it is coupled to an audio sys-
tem. The electronic device includes a pulse generator
adapted to generate a pulse on a ground return line of
the electronic device, and

a detector adapted to observe if a response signal is re-
ceived by the electronic device corresponding to the
pulse. If the response signal is received, the electronic
device determined that it is coupled to the audio system



EP 2 733 958 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

FIELD

[0001] Embodiments described herein relate to elec-
tronic devices, and in particular to electronic devices
adapted to detect an audio system, particularly an audio
system in a vehicle.

INTRODUCTION

[0002] Portable electronic devices have gained wide-
spread use and may provide a variety of functions includ-
ing audio and video playback, telephonic, electronic text
messaging and other application functions.
[0003] Portable electronic devices can include several
types of devices, including cellular phones, smart
phones, personal digital assistants (PDAs), music play-
ers, portable televisions or DVD players, tablets and lap-
top computers. Many of these devices are handheld, that
is they are sized and shaped to be held or carried in one
or more human hands.
[0004] Some portable electronic devices are used to
provide audio output to an audio system, such as an au-
dio system in a motor vehicle. For example, audio from
music, movies or telephone calls may be routed from the
electronic device to an audio system in a motor vehicle
by connecting the electronic device to the audio system.
[0005] Some motor vehicles allow an electronic de-
vice’s power supply, such as a rechargeable battery, to
be charged during audio output. For example, a charging
accessory such as a car charger may be used to charge
a battery of an electronic device, to power the electronic
device, or both, particularly while the electronic device is
being used to play audio through the audio system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Embodiments of the present disclosure will now
be described, by way of example only, with reference to
the attached figures, in which:
[0007] Figure 1 is a circuit diagram of an audio system
coupled to a portable electronic device according to one
embodiment;
[0008] Figure 2 is a circuit diagram of the portable elec-
tronic device of Figure 1 coupled to an accessory; and
[0009] Figure 3 is a schematic diagram of an audio
system coupled to a portable electronic device according
to another embodiment.

DETAILED DESCRIPTION OF SOME EMBODIMENTS

[0010] As introduced above, electronic devices may
be adapted to provide audio output (such as music, voice,
and so on) through an audio system, such as an audio
system in a vehicle.
[0011] Generally as used herein, when an element is
"adapted to" or "configured to" perform a function, that

element is suitable for performing the function, or is op-
erable to perform the function, or is otherwise capable of
carrying out that function, in some cases using a partic-
ular hardware configuration or software configuration, or
some combination thereof.
[0012] Some of the teachings herein are directed to a
method of detecting whether a portable electronic device
is coupled to a vehicle audio system, comprising: gener-
ating a pulse using a pulse generator on a ground return
line of an audio jack of the electronic device, observing
whether a response signal corresponding to the pulse is
received by the electronic device at a charging ground
line of the electronic device using a detector, and when
the response signal is received, then determining that
the electronic device is coupled to the audio system, and
when no response signal is received, then determining
that the electronic device is not coupled to the audio sys-
tem. The method may include, before generating the
pulse, measuring an observed impedance at an audio
jack of the electronic device, and generating the pulse
only when the observed impedance is within a particular
impedance range associated with accessories. The
method may further include detecting that the electronic
device is coupled to a charging accessory before gener-
ating the pulse.
[0013] Some of the teachings herein are directed to a
method of detecting whether a portable electronic device
is coupled to an audio system, comprising: generating a
pulse on a ground return line of the electronic device,
observing if a response signal is received by the elec-
tronic device corresponding to the pulse, and if the re-
sponse signal is received, then determining that the elec-
tronic device is coupled to the audio system. The method
may include determining that the electronic device is not
coupled to the audio system if no response signal is re-
ceived. In some embodiments, the response signal is an
output current observed on a charging ground line of the
electronic device. In some embodiments, the pulse is
generated by a pulse generator coupled to the ground
return line of the electronic device. In some embodi-
ments, the response signal is observed by a detector
coupled to the charging ground line.
[0014] The method may include detecting that the elec-
tronic device is coupled to a charging accessory before
generating the pulse. The method may include detecting
that the electronic device is being charged, and then gen-
erating a subsequent pulse.
[0015] The method may include, before generating the
pulse, measuring an observed impedance at an audio
jack of the electronic device, and generating the pulse
only if the observed impedance is within a particular im-
pedance range. The particular impedance range may be
a range associated with accessories.
[0016] The method may include, when the observed
impedance does not fall within the particular impedance
range, then determining that the electronic device is cou-
pled to the audio system.
[0017] In some embodiments, the pulse may be a volt-
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age pulse. In some embodiments, the pulse may be a
current pulse. In some embodiments, the pulse may be
adapted to be inaudible to a human user.
[0018] In some embodiments, the electronic device
may take one or more actions based on determining
whether it is coupled to the audio system.
[0019] In some embodiments, the response signal in-
cludes a jack response observed on an output line of an
audio jack of the electronic device.
[0020] The method may include selectively connecting
and disconnecting a ground resistor for reducing ground
noise.
[0021] Some of the teachings herein are directed to an
electronic device adapted to detect whether it is coupled
to an audio system, comprising: a pulse generator adapt-
ed to generate a pulse on a ground return line of the
electronic device, and a detector adapted to observe if a
response signal is received by the electronic device cor-
responding to the pulse, wherein if the response signal
is received, the electronic device is coupled to the audio
system.
[0022] The electronic device may determine that it is
not coupled to the audio system if no response signal is
received. In some embodiments, the response signal
may be an output current observed on a charging ground
line of the electronic device. In some embodiments, the
detector may be coupled to the charging ground line. In
some embodiments, the electronic device may detect
that it is coupled to a charging accessory before gener-
ating the pulse.
[0023] In some embodiments, when the electronic de-
vice detects that it is being charged, it then generates a
subsequent pulse. In some embodiments, before gener-
ating the pulse, the electronic device measures an ob-
served impedance at an audio jack of the electronic de-
vice, and generates the pulse only if the observed im-
pedance is within a particular impedance range.
[0024] In some embodiments, the electronic device
may be adapted to provide audio output when the elec-
tronic device is a source of audio information. For in-
stance, a portable electronic device may be connected
to an audio system in a vehicle using a wired connection,
such as an audio jack and plug combination. In some
embodiments, the jack and plug can be of the tip-ring-
sleeve (TRS) variety, a tip-ring-ring-sleeve (TRRS) vari-
ety, or other various types of wired connectors as are
known in the art. 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.
[0025] In some cases, an electronic device may be
charged using a charging accessory while providing au-
dio output to the audio system. For purposes of illustra-
tion, charging will be described in terms of supplying pow-
er to a rechargeable battery via a charging accessory.
This power may be used to power the electronic device,
charge the battery, or some combination thereof. In some
embodiments, the charging accessory may be coupled
to a DC power supply in the vehicle (e.g., a power supply

as defined in the ANSI/SAE J563 specification, also re-
ferred to as a "cigarette lighter" power supply).
[0026] When an electronic device is connected to an
audio system during charging, ground loop currents due
to charging and other system components can cause
noise problems that result in a low signal-to-noise ratio
(SNR). This often results in a poor audio experience.
Ground potential may be, but need not be, earth potential,
and the discussion of ground does not necessarily imply
a current path to earth.
[0027] In particular, ground currents through the port-
able electronic device and the audio jack connection tend
to generate a differential voltage that is proportional to
the charging current applied to the electronic device. This
differential voltage can create a significant amount of au-
dio noise (also referred to as "ground noise" or "charging
ground current noise") that interferes with the quality of
the audio output, and in some cases may render the audio
output undecipherable. The reduction in audio quality can
be unsatisfactory and undesirable to a user, particularly
when the user is trying to listen to music or participate in
a telephone call through an audio system while charging
the electronic device.
[0028] As described in U.S. Patent Application Serial
No. 13/088,492 to Poulsen et al., it may be possible to
address at least some ground noise issues by monitoring
the switching and ground reference used during audio
output.
[0029] Some audio systems present another chal-
lenge. In particular, portable electronic devices may have
difficulty determining whether they are coupled to certain
types of audio systems depending on the operating char-
acteristics of those audio systems.
[0030] In many vehicles, the impedance of the audio
system falls outside of the range of impedances normally
associated with audio accessories (e.g., headphones or
headsets). For instance, the impedance of many vehicle
audio systems is significantly larger (e.g., around 47 kO-
hm) than the impedances of audio accessories, which
often have an impedance of less than around 3 kOhm.
In such cases, an electronic device can determine wheth-
er it is coupled to an audio accessory or to a vehicle audio
system by measuring the observed impedance.
[0031] Specifically, if the observed impedance is within
a range associated with accessories (e.g., between
about 32 Ohm and 3 kOhm), then the electronic device
can determine that it is coupled to an accessory. Con-
versely, if the electronic device observes an impedance
outside of the particular range (e.g., greater than 3 kO-
hm), the electronic device can determine that it is coupled
to an audio system.
[0032] In some embodiments, the electronic device
may then take one or more actions based on this deter-
mination. For example, when the electronic device de-
tects that it is coupled to an audio system, it can output
a LINE OUT signal, bypassing local volume controls to
allow audio volume to be controlled by the audio system
(e.g., using a master volume control of the audio system).
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[0033] Conversely, when the electronic device detects
that it is connected to a headset or other accessory, the
electronic device can control the outputted audio volume
using the volume controls on the electronic device.
[0034] Unfortunately, some audio systems have im-
pedance values that fall within the range of impedances
commonly associated with headphones and other acces-
sories. In particular, some vehicles have audio systems
with an impedance of between 1 kOhm and 3 kOhm,
which is within the range normally associated with ac-
cessories (for example, in some cases between 32 Ohm
and 3 kOhm).
[0035] In such cases, the electronic device will be un-
able to distinguish an audio system from an accessory
using impedance measurement. The electronic device
may therefore be unable to determine what type of device
it has been coupled to, and thus be unable to automati-
cally adjust the audio signal accordingly. This can lead
to an undesirable user experience.
[0036] In particular, when an electronic device is una-
ble to determine whether it is coupled to an accessory or
an audio system, the electronic device may not output a
LINE OUT signal. The volume controls on the electronic
device may thus remain active even when the electronic
device is coupled to an audio system. This can cause a
reduced volume or quality (or both) of audio signals sent
to a vehicle audio system, for example when the volume
controls on the electronic device are set to a low value.
As a result, the audio system will tend to output audio at
a lower volume, which may be undesirable.
[0037] In some cases a user may try to compensate
for the lower audio volume by increasing the master vol-
ume of the audio system (e.g., turning the master volume
of the audio system to a higher value). However, this may
introduce distortion or other undesirable audio effects,
particularly at very high values.
[0038] Furthermore, when a user subsequently switch-
es from the electronic device to a different audio source
(e.g., a compact disc, radio, etc.), that different audio
source will often have a louder audio volume that will
then be amplified by the audio system. This can result in
a sudden increase or "spike" in the volume of audio being
output by the audio system, which is undesirable.
[0039] This may occur when an electronic device is
disconnected from the audio system (e.g., by unplugging
an audio jack) as the audio system automatically switch-
es to another audio source.
[0040] At least some of the teachings herein have been
developed to try and distinguish an audio system from
an accessory, particularly in cases where the impedance
of the audio system is within a particular impedance
range normally associated with an accessory.
[0041] When an electronic device is coupled to an au-
dio system and is being charged, the audio system often
has a ground connection that is common between the
charger and the audio jack. According to some embodi-
ments, an electronic device may be adapted to detect
the presence of a common ground and use this informa-

tion to determine if the electronic device is coupled to an
audio system.
[0042] In some embodiments, the electronic device is
adapted to generate a pulse on a ground return line of
an audio jack. For example, depending on the particular
configuration of the audio jack, a pulse can be applied to
the SLEEVE, to the RING2 terminal if present or to both
RING2 and SLEEVE in a TRRS jack.
[0043] In some cases the pulse may be a voltage pulse.
In other cases, the pulse may be a current pulse.
[0044] In some embodiments, a voltage pulse may be
helpful to assess the impact on the audio output, since
the magnitude of the voltage pulse can be compared to
a full scale voltage pulse, which is typically 0.3VRMS or
1.2VRMS.
[0045] When using a current pulse, the magnitude of
the pulse (measured in Volts) would tend to increase for
loads with higher impedance, which may not be desira-
ble. However, one advantage of using a current pulse is
that the measured voltage drop is normally linear with
the load impedance.
[0046] In some embodiments, the pulse may be
shaped so as to generally be inaudible to a human user
while the test is being conducted. For example, the pulse
may be high pass filtered outside the human hearing
range in order to be inaudible.
[0047] In some embodiments, another way to make
the detection inaudible is to tri-state the output amplifier
while the ground detection pulse is being applied. In this
case, the current detection pulse may work quite well,
since this would work with very low ground impedances
and naturally limit the current to safe levels.
[0048] Once the pulse has been sent, the electronic
device can detect the presence or absence of a response
signal that corresponds to the pulse. In particular, if there
is a common ground between the audio jack and a charg-
er, an increase in output current should be observed in
response to the pulse (as compared to the case where
there is no common ground).
[0049] Whether a response signal is received or not
may convey some useful information. If a response signal
is observed, this is evidence of a common ground be-
tween the audio jack and the charger, indicating that the
electronic device is connected to an audio system, and
not to an accessory. In other words, when a response
signal is received, it may be determined that the elec-
tronic device is coupled to the audio system.
[0050] Conversely, if no response signal observed,
then this suggests that the electronic device may not be
connected to the audio system, but may instead be con-
nected to an accessory (although as discussed below
this may not be entirely conclusive). In other words, when
no response signal is received, then it may be deter-
mined-perhaps tentatively-that that the electronic device
is not coupled to the audio system.
[0051] In some cases, if the charger and audio system
do not share a common ground (e.g., as is the case on
some BMW vehicles) there will normally be fewer prob-
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lems with charging noise affecting the audio. However,
the initial volume settings may not be optimal.
[0052] In some embodiments, the electronic device
can take one or more actions based on whether it deter-
mines that it is coupled to an accessory or an audio sys-
tem (e.g., the electronic device may output a signal with
a LINE OUT level, etc.)
[0053] Turning now to Figures 1 and 3, illustrated
therein is a system 100 that includes an electronic device
110 coupled to an audio system 120 (e.g., a car stereo
in a motor vehicle), and a charging accessory 130 ac-
cording to one embodiment. The electronic device 110
and the audio system 120 may be coupled (or connected)
physically, electronically, optically, communicatively,
mechanically or any combination thereof, according to
context.
[0054] As discussed herein, many of the components
that are "coupled" are communicatively coupled and
physically coupled as well. In general, components that
are "communicatively coupled" are configured to com-
municate (that is, they are capable of communicating) in
any fashion for any duration, such as by way of electric
signals, optical signals, wireless signals, or any combi-
nation thereof. The communication may be one-way or
two-way communication.
[0055] Components are "physically coupled" when
they are attached or connected or joined to one another,
in any fashion, whether releasably or substantially per-
manently, so that physical activity of one component gen-
erally affects the other. The physical attachment may be
direct or by way of one or more intermediate elements.
Physical coupling may be related to communicative cou-
pling, in that physical coupling may enable one or more
current paths by which electrical signals may be trans-
mitted or received.
[0056] In this embodiment, only one channel is shown
for simplicity, although in practice more than one channel
may be used (e.g., a left channel and a right channel).
As the context of the description will indicate, the circuitry
shown in Figure 1 may model actual electronic compo-
nents as well as some physical effects of the interaction
of components and parasitic system components such
as wiring resistance.
[0057] As shown, the electronic device 110 has an au-
dio jack 111 that includes an output line 112 and a ground
return line 114. The audio jack 111 is adapted to be cou-
pled to the audio system 120 (e.g., using a TRS or TRRS
connector, or another suitable connector) to send audio
signals to the audio system 120.
[0058] The audio system 120 includes one or more
speakers, for example speaker 122 as shown, which may
be coupled to an amplifier 126. In some embodiments,
the audio system 120 may include only one speaker. In
other embodiments, the audio system 120 could include
two or more speakers.
[0059] In some embodiments, more than one amplifier
126 may be used to drive separate speakers (e.g., two
amplifiers may be used for stereo systems with a left and

right channel).
[0060] During audio playback, audio signals (e.g., mu-
sic, speech, etc.) are sent by the electronic device 110
to the audio system 120 via the output line 112. These
audio signals are then amplified by the amplifier 126 and
output as audible sound via the speaker 122.
[0061] As shown, the system 100 also includes the
charging accessory 130. The charging accessory 130 is
coupled to a power source 128 (e.g., a DC power supply
such as a car battery of a vehicle), which supplies elec-
trical power to the charging accessory 130. For example,
the power source 128 may supply a charging current IC
of around 0.5 amps to the charging accessory 130, at a
voltage level of around 13.8 volts.
[0062] In turn the charging accessory 130 supplies
power to the electronic device 110 (e.g., +5 Volts DC at
around 1 amp), indicated generally as current IE. This
power can power the electronic device 110, charge a
battery (not shown) of the electronic device 110, or both.
[0063] The power source 128 may also supply power
to the audio system 120, for example providing current
IS, which in some cases may be around 2-3 amps at
around 13.8 volts.
[0064] As shown, the electronic device 110, audio sys-
tem 120, and charging accessory 130 share a common
ground point or node (indicated generally as G).
[0065] During use, various differential voltages within
the system 100 can cause currents to flow (indicated gen-
erally as currents I1, I2, I3, and I4). These currents I1, I2,
I3, and I4 may be sources of ground noise that interfere
with audio quality.
[0066] As shown, in some embodiments the electronic
device 110 may include a ground resistor Rx between
the ground return line 114 and the ground point G. The
ground resistor Rx may help reduce the effects of ground
noise, for example by reducing a ground current I4
caused by the charging current IE.
[0067] In some cases, the resistance value of the
ground resistor Rx may be selected so as to reduce the
impact of the ground current I4 without significantly af-
fecting the volume and quality of the outputted audio.
[0068] Generally, as long as there is still enough head-
room in the output signal, no clipping will occur when
using the ground resistor Rx. However, if the ground re-
sistor Rx is included in the signal path and low impedance
loads are being driven, this may significantly reduce the
headroom and thereby the maximum output level possi-
ble.
[0069] Therefore, the ground resistor Rx should be in-
cluded when needed to reduce noise, in which case the
loads will always be fairly large, such that no significant
reduction in headroom should occur.
[0070] Furthermore, the inclusion of the ground resis-
tor Rx may significantly degrade the crosstalk perform-
ance, unless ground sense after resistor Rx is used, as
shown in Fig. 1. In addition to this, the efficiency of the
output may be very low if the ground resistor Rx was
included for low impedance loads.
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[0071] In some embodiments it may be beneficial to
disconnect the ground resistor Rx, for example when
compensating for ground noise is not desired (for in-
stance when there is little or no ground noise because
the electronic device 110 is not being charged) or when
the resistance of the ground resistor Rx might significant-
ly affect the audio quality (e.g., when the electronic device
110 is coupled to headphones or an audio system with
low impedance and the headroom would significantly de-
crease).
[0072] As discussed above, the electronic device 110
may be adapted to detect whether the electronic device
110 is coupled to the audio system 120 or coupled to an
accessory (e.g., accessory 150 as shown in Figure 2).
In some cases, this may be done by monitoring the input
impedance detected by the electronic device 110 through
the audio jack 111.
[0073] However, as also discussed above, when the
audio system 120 has an impedance that is within a par-
ticular range normally associated with accessories, the
electronic device 110 may be unable to distinguish the
audio system 120 from an accessory.
[0074] Accordingly, the electronic device 110 may be
adapted to detect the presence of the audio system 120
using other techniques. In particular, the electronic de-
vice 110 may be configured to detect a common ground
(e.g., ground G) between the audio jack 111 and the
charging accessory 130.
[0075] In some embodiments, the electronic device
110 may be adapted to generate a pulse IP on the ground
return line 114 of the audio jack 111. For example, de-
pending on the particular configuration of the audio jack
111, the pulse IP can be applied to the SLEEVE of a TRS
jack, or RING2 and SLEEVE in a TRRS jack. As shown,
the pulse IP could be generated by a pulse generator 140.
[0076] In some embodiments, the pulse IP may be a
voltage pulse, which could for example be generated by
a voltage source. In some embodiments, the pulse IP
may have a voltage value of between about -5 Volts to
+5 Volts.
[0077] In some embodiments, to get good discrimina-
tion against noise, a voltage level in the range 50-100
mV could be used. However, a larger voltage value
should provide additional protection against noise. It
might also be helpful to limit the output current (e.g., by
finite output impedance, e.g. 75 Ohm) to avoid large over
currents when the ground impedance is very low (e.g.,
below 1 Ohm).
[0078] In some embodiments, the pulse IP may be a
current pulse, which could, for example, be generated
by a current source. In some embodiments, the pulse IP
may have a current of between about 0.1 milliAmps to
300 milliAmps.
[0079] In some embodiments, a current in the range
1-10 mA would be good to get a good signal-to-noise
ratio and discriminate against noise. The current pulse
naturally limits the output current to safe levels.
[0080] For both for the voltage and current pulse, it

may be beneficial to disable the output amplifier while
the measurement is being performed in order to avoid
large click and pops in the connected speakers during
the measurements. However, one disadvantage of tri-
stating the headphone amplifier 118 is that this would
result in a short interruption in any audio playback.
[0081] In some embodiments, the pulse could be spec-
trally shaped in order to be generally inaudible. Such a
shaped pulse could be used to play audio while at the
same time performing the measurements. This is bene-
ficial in that audio would not be interrupted if the electronic
device was connected to a charger after audio playback
had begun. However, one disadvantage is that the as-
sociated circuits might become more complicated to im-
plement.
[0082] The electronic device 110 can then detect the
presence or absence of a response signal IR correspond-
ing to the pulse IP. In particular, if there is a common
ground G between the audio jack 111 and the charging
accessory 130, then a relatively large output current re-
sponse signal IR should be observed in response to the
pulse IP. (e.g., due to the effective "short" between the
audio jack 111 and the ground G).
[0083] As shown, in this embodiment the response sig-
nal IR is monitored by a detector 142 on the electronic
device 110 that is coupled to a charging ground line 131.
Alternatively, the voltage drop across the resistor Rx may
simply be monitored as an indication on the current going
through the open or closed loop as shown in Fig. 3.
[0084] If a response signal IR is observed correspond-
ing to the pulse IP this is evidence of a common ground
G between the audio jack 111 and the charging acces-
sory 130. Based on this information, the electronic device
110 can determine that it is connected to the audio sys-
tem 120, and not to an accessory.
[0085] On the other hand, if no corresponding re-
sponse signal IR is observed (e.g., in some cases as de-
termined using a fixed integration period, for example
0.02-10 milliseconds), then the electronic device 110 can
determine that it may not be connected to the audio sys-
tem 120, but may instead be connected to an accessory
150.
[0086] As mentioned earlier, some vehicle audio sys-
tems do not have a common ground and thus do not have
charging noise problems. Therefore, even if the electron-
ic device does not know whether it is connected to such
an audio system (i.e. when the electronic device detects
no common ground and measures an impedance in a
range normally associated with accessories, e.g. 1-3 kO-
hm) then the audio performance will normally not suffer
from charging noise (although the volume setting may
not be optimal).
[0087] As shown in Figure 2, the electronic device 110
may be coupled to an accessory 150 (e.g., a headset)
and not the audio system 120 of Figure 1. Similar to the
audio system 120, the accessory 150 may include one
or more speakers, for example speaker 152, and which
may be coupled to an amplifier 156. The accessory 150
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may also include a microphone, one or more controls or
buttons, and so on. However, as shown the accessory
150 is not coupled to a common ground G with the charg-
ing accessory 130.
[0088] Thus, when a pulse IP is generated on the
ground return line 114 (e.g., by the pulse generator 140),
the detector 142 will not observe a corresponding re-
sponse signal IR on the charging ground return line 131.
This absence of a response signal IR can indicate that
the electronic device 110 is coupled to the accessory 150
and not to the audio system 120 (although this may not
be entirely conclusive in every case, particularly where
there is no common ground in a vehicle audio system as
discussed above).
[0089] If the electronic device 110 is not coupled to the
charging accessory 130 when the pulse IP is generated,
then even if the electronic device 110 is coupled to the
audio system 120, a response signal IR may not be ob-
served by the electronic device 110 (e.g., if the charging
ground return line 131 has been disconnected from the
electronic device 110). In such cases, the audio system
120 may go undetected.
[0090] Therefore, in some embodiments the electronic
device 110 might make an additional measurement
whenever a connection to a charging system is made, to
determine the load that has been connected to the elec-
tronic device 110.
[0091] In some embodiments, a determination may be
made first that the electronic device 110 is coupled to a
charging accessory 130 before the pulse IP is generated.
This is generally because it is known that there will be
no response signal IR unless the charger 130 closes the
ground loop.
[0092] In some embodiments, this can be handled by
an event driven by the charging circuit inside the elec-
tronic device 110. In addition to setting the correct charg-
ing characteristics for the battery, the charging circuit
may I notify a driver handling the audio section that charg-
ing of the electronic device 110 has begun and thus a
detection pulse IP can be sent.
[0093] In some other such embodiments, the electron-
ic device 110 may send a pulse IP even if the presence
of the charging accessory 130 cannot be determined.
However, subsequently when charging is detected, the
electronic device 110 can generate a second (or third, or
more) pulse IP. If this subsequent pulse IP indicates the
presence of a common ground G, the electronic device
110 may more conclusively determine that it is coupled
to an audio system 120.
[0094] Depending on whether the electronic device
110 determines it is connected to an accessory (e.g.,
accessory 150) or an audio system (e.g., audio system
120), the electronic device 110 can take one or more
actions. For example, the electronic device 110 can at-
tempt to correct for ground loop problems, bypass the
local volume controls and output a LINE OUT signal (e.g.,
for an audio system 120), change the default equalizer
settings, and so on.

[0095] As shown in Figure 3, in some embodiments,
the electronic device 110 may activate a ground switch
117 to selectively bypass the ground resistor Rx, for ex-
ample using a bypass line 119. This may be particularly
useful when the electronic device 110 detects that it is
coupled to an accessory 150.
[0096] In other embodiments, the ground switch 117
may have several positions, so that ground may be either
connected to the SLEEVE, RING2 (or both) terminals
based on measurements of the impedances of the ac-
cessory or audio system that has been connected to the
electronic device 110. This can enable support for ac-
cessories with multiple different pin configurations (e.g.,
both TRS and TRRS).
[0097] In some embodiments, the ground switch 117
may include a generator (e.g., a voltage, current or
charge generator) positioned between the ground termi-
nal and the ground resistor Rx to generate the excitation
pulse IP.
[0098] In some embodiments, the pulse IP may also
generate a jack response IQ that returns to the electronic
device 110 via the output line 114. In some cases the
jack response IQ may also be used as a signal to deter-
mine whether the electronic device 110 is coupled to the
audio system 120 or the accessory 150.
[0099] For example, the jack response IQ may be quite
different for the same pulse IP when the electronic device
110 is coupled to the audio system 120 as compared to
when the electronic device 110 is coupled to the acces-
sory 150. In this case, the voltage drop over the ground
resistor Rx may be quite small if the load has large im-
pedance. In this case a larger value ground resistor Rx
may be used to more accurately determine if the acces-
sory has been connected. Alternatively, a longer detec-
tion pulse or a higher detection voltage may be used in
order to get a sufficiently good signal-to-noise ratio and
determine whether an accessory has actually been con-
nected. In other cases, the jack response current IQ may
be measured by the detector 144 using a series resistor
or other device.
[0100] When the electronic device 110 is coupled to
the accessory 150, the entire current of the pulse IP may
return to the electronic device 110 as the jack response
IQ the via the output line 114. Thus, if the magnitude of
the current of the pulse IP is generally equal to the mag-
nitude of the current of the jack response IQ, the electronic
device 110 can determine that it is connected to the ac-
cessory 150.
[0101] Conversely, when the electronic device 110 is
coupled to the audio system 120 and shares a common
ground G, the magnitude of the current of the jack re-
sponse IQ will normally be quite small since there is ef-
fectively a short to ground. Thus if magnitude of the cur-
rent of the jack response IQ is substantially less the mag-
nitude of the current of the pulse IP, then this may indicate
that some of the current of the pulse IP has been siphoned
off (e.g., and has gone to the charging accessory 130,
for example) and that the electronic device 110 is coupled
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to an audio system.
[0102] In some embodiments, monitoring the current
of the jack response IQ (e.g., using a detector 144) may
assist in determining whether the electronic device 110
is coupled to either the accessory 150 or the audio system
120., possibly even when the electronic device 110 is not
being charged, although this is generally limited to the
range of impedances where there are no known overlaps
between the impedances of accessories and of audio
system 120.
[0103] In some embodiments, the jack response IQ
may be used as a supplementary signal in combination
with the response signal IR.
[0104] In some embodiments, when the electronic de-
vice 110 detects that it is coupled to the audio system
120 and should be in LINE OUT mode, at least some of
the controls of the electronic device 110 may be disabled
or set to a particular advantageous level (e.g., volume
set to near maximum or at maximum and additional boost
may be enabled, etc.) and the gain on the electronic de-
vice 110 may be set at a particular level so as to provide
a relatively clean audio signal (e.g., with minimal or at
least reduced distortion) via the output line 112.
[0105] In some embodiments, the electronic device
110 may set the default output line 112 volume to a dif-
ferent setting than the default headset volume setting
(and which the user may be able to adjust).
[0106] In some embodiments, the detection of an audio
system 120 may result in specific audio settings (e.g., as
selected and programmed by the user in a menu), which
may provide for a particularly pleasing beginning to the
listening experience.
[0107] A typical commercial LINE OUT level is around
316 mVrms full scale, while professional equipment may
use larger amplitude such as 1.23VRMS. This means that
when a user connects the electronic device 110 to a line
in amplifier, the electronic device 110 should (in some
embodiments) automatically default to a volume setting
that corresponds to a maximum volume around this value
(or at least a high volume).
[0108] This has the advantage in that if the user has
set a different (and typically lower) volume setting on the
electronic device 110, it should not be necessary to adjust
to the better and higher volume for automatic matching
to the volume of the audio system 120. This will tend to
give a better signal-to-noise (SNR) ratio and may avoid
some undesired user scenarios, such as when removing
the line out connection after having increased the volume
on the audio system 120 and changing to radio playback
(or another audio source).
[0109] In some embodiments, one or more techniques
may be used to ensure that one or more of the pulse IP,
the response signal IR and the jack response IQ are in-
audible to a human user. For example, the pulse IP, the
response signal IR and the jack response IQ may have
frequencies and/or spectral properties selected so as to
fall outside the range of audio that can normally be per-
ceived by a human user.

[0110] In some embodiments, the pulse is made inau-
dible by smoothly and slowly lowering the volume of the
headphone amplifier 118, possibly even setting the out-
put transistors of the amplifier 118 in tri-state condition
during the measurement. After the measurement has
been made, the volume may be increased again to a
suitable level.
[0111] In some embodiments, the volume should not
be changed even when an audio system has been de-
tected after a second detection pulse has been made
after a charger has been identified as being connected.
When this happens, the user may have already increased
the volume on the audio system. Therefore, in this case
the electronic device may choose to only enable a noise
reduction circuit that includes a ground sense after the
ground resistor Rx and not include the ground resistor
Rx in the ground path.
[0112] Implementation of one or more embodiments
of the concepts described herein may realize one or more
advantages, some of which have already been men-
tioned.
[0113] The approaches described herein can be im-
plemented without customized audio systems. Further-
more, when applied with a motor vehicle that has a cus-
tomized system, the concepts described herein generally
have no adverse effects. Consequently, the systems and
apparatus as described herein need not be modified spe-
cifically depending upon the properties or operating char-
acteristics of the audio system.
[0114] In addition, the concepts described herein can
be implemented in an economical, compact and light-
weight way, which may be beneficial for portable elec-
tronic devices in general and for handheld devices in par-
ticular (where considerations of size and weight may be
particularly important).
[0115] Various embodiments may be beneficial in their
adaptability to many different kinds of electronic devices,
chargers and audio systems. In some embodiments, ad-
dition of space-consuming hardware or electrical pins
can be avoided.
[0116] While the above description provides examples
of one or more apparatus, methods, or systems, it will be
appreciated that other apparatus, methods, or systems
may be within the scope of the present description as
interpreted by one of skill in the art.

Claims

1. A method of detecting whether a portable electronic
device is coupled to an audio system, comprising:

generating a pulse on a ground return line of the
electronic device;
observing if a response signal is received by the
electronic device corresponding to the pulse;
and
if the response signal is received, then deter-
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mining that the electronic device is coupled to
the audio system.

2. The method of claim 1, further comprising determin-
ing that the electronic device is not coupled to the
audio system if no response signal is received.

3. The method of any preceding claim, wherein the re-
sponse signal is an output current observed on a
charging ground line of the electronic device.

4. The method of any preceding claim, wherein the
pulse is generated by a pulse generator coupled to
the ground return line of the electronic device.

5. The method of any preceding claim, wherein the re-
sponse signal is observed by a detector coupled to
the charging ground line.

6. The method of any preceding claim, further compris-
ing detecting that the electronic device is coupled to
a charging accessory before generating the pulse.

7. The method of any preceding claim, further compris-
ing detecting that the electronic device is being
charged, and then generating a subsequent pulse.

8. The method of any preceding claim further compris-
ing, before generating the pulse, measuring an ob-
served impedance at an audio jack of the electronic
device, and generating the pulse only if the observed
impedance is within a particular impedance range.

9. An electronic device adapted to detect whether it is
coupled to an audio system, comprising:

a pulse generator adapted to generate a pulse
on a ground return line of the electronic device;
and
a detector adapted to observe if a response sig-
nal is received by the electronic device corre-
sponding to the pulse;
wherein if the response signal is received, the
electronic device is coupled to the audio system

10. The electronic device of claim 9, wherein the elec-
tronic device determines that it is not coupled to the
audio system if no response signal is received.

11. The electronic device of claim 9 or 10, wherein,
wherein the response signal is an output current ob-
served on a charging ground line of the electronic
device.

12. The electronic device of any one or more of claims
9 to 11 wherein the detector is coupled to the charg-
ing ground line.

13. The electronic device of any one or more of claims
9 to 12, wherein the electronic device detects that it
is coupled to a charging accessory before generating
the pulse.

14. The electronic device of any one or more of claims
9 to 13, wherein when the electronic device detects
that it is being charged, it then generates a subse-
quent pulse.

15. The electronic device of any one or more of claims
9 to 14, wherein, before generating the pulse, the
electronic device measures an observed impedance
at an audio jack of the electronic device, and gener-
ates the pulse only if the observed impedance is with-
in a particular impedance range.

15 16 



EP 2 733 958 A1

10



EP 2 733 958 A1

11



EP 2 733 958 A1

12



EP 2 733 958 A1

13



EP 2 733 958 A1

14



EP 2 733 958 A1

15

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 088492 A, Poulsen  [0028]


	bibliography
	description
	claims
	drawings
	search report

