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(54)  System and method for calibrating a hands-free system

(57)  The present invention relates to a method for
calibrating a hands-free system, the hands-free system
comprising a hands-free unit and a mobile phone, the
method comprising the following steps:

- setting up a connection between the hands-free system
and a distant terminal via a mobile telephony network of
the mobile phone,

- transmitting a predetermined test signal from one of the
hands-free system and the distant terminal to the other

11

of the hands-free system and the distant terminal, the
predetermined test signal being provided in both the
hands-free system and the distant terminal as reference
test signal,

- comparing the received test signal to the reference test
signal stored in the other of the hands-free system and
the distant terminal, and

- determining the calibration parameters of the hands-
free system in accordance with the comparison.
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Description

Field of the Invention

[0001] Thisinventionrelates to a method and a system
for calibrating a hands-free system. The invention relates
especially to a hands-free system used in a vehicle.

Related Art

[0002] Invehicles hands-free systems are usedforout-
putting audio signals of a remote subscriber using the
loudspeakers which are normally provided in a vehicle.
Forpicking up the signals of the passengers inthe vehicle
several microphones are installed in different locations
in the vehicle which can be used instead of the micro-
phones provided in the mobile phone in connection with
the hands-free system. Additionally, signal processing
can be used which is adapted to the vehicle environment.
By way of example noise reduction systems are used
which are optimized to the different types of vehicles and
which reduce the noise componentin the signal detected
by the microphone of the hands-free system.

[0003] Forimproving the speech quality in hands-free
systems an adaption of the hands-free system to the mo-
bile phone which is used in connection with the hands-
free system is necessary. By way of example a signal
level coming from a remote user should always result in
a same signal level which is output via the loudspeaker.
The signal level should not depend on the mobile phone
used in connection with the hands-free system. Mobile
phones normally have different signal output levels so
that an equalization of the signal level depends on the
used mobile phone.

[0004] Inthe artitis known to provide equalization pa-
rameters for the most commonly used mobile phones in
order to adapt the hands-free system to the used mobile
phones. These parameters can be stored in a storage
unit of the hands-free system. When a mobile phone is
connected to a hands-free system either wireless via
Bluetooth or when the mobile phone is putinto the cradle,
the mobile phone is identified as far as the type of mobile
phone is concerned. When it is known which type of mo-
bile phone is used the corresponding calibration or equal-
ization parameters can be loaded and used in a calibra-
tion unit in order to adapt the hands-free system to the
mobile phone (e.g. by adapting the frequency response
or by adapting the signal level).

[0005] This kind of calibration, however, has several
drawbacks. When the calibration parameters are only
determined for a specific type of mobile phone, an indi-
vidual calibration to the mobile phone presently used is
not possible. There exist significant differences between
different mobile phones of a certain type. Such differenc-
es may be due to the amplifiers used in the mobile
phones. These amplifiers often have a varying output
signal level of = 3 to 6 dB. An adaptation to the type of
mobile phone used does not result in an optimum speech
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signal quality, as the processing parameters vary within
one type of mobile phone.

[0006] Furthermore, it is possible that the calibrating
parameters of a mobile phone change. By way of exam-
ple when a new software release is used in the mobile
phone the signal processing changes. In the event that
a predetermined set of calibration parameters is used
these calibration parameters will be continuously used
after the software update even if the characteristics of
the mobile phone have changed. Even if new calibrated
parameters are transmitted together with the software
update, the problem may exist that some of these mobile
phones use an older software version than other mobile
phones of the same type. Normally, a differentiation be-
tween the different software types is not possible, as the
actual version of the used software is normally not trans-
mitted to a hands-free system during identification of the
mobile phone.

[0007] A further disadvantage of known systems lies
in the fact that calibration parameters can only be deter-
mined for mobile phones already existing on the market.
When a new mobile phone is developed, the hands-free
system may not have the corresponding calibration pa-
rameters, as the life cycle of a mobile phone is normally
much shorter than the life cycle of a hands-free system
used in a vehicle.

[0008] Summarizing in prior art hands-free systems
several drawbacks exist resulting in a non-optimal
speech quality of the hands-free system.

Summary

[0009] Accordingly a need exists to provide a hands-
free system in which the speech quality can be further
improved and in which each individual mobile phone can
be adjusted to the hands-free system.

[0010] This need is met by the features of the inde-
pendent claims. In the dependent claims preferred em-
bodiments of the invention are described.

[0011] According to a first aspect of the invention a
method for calibrating a hands-free system is provided,
the hands-free system comprising a hands-free unit and
a mobile phone, the method comprising the steps of set-
ting up a connection between a hands-free system and
a distant terminal via the mobile telephony network of the
mobile phone. When a connection between the hands-
free system and the distant terminal has been built up, a
predetermined test signal is transmitted from one of the
hands-free system and the distant terminal to the other
of the hands-free system and the distant terminal. This
test signalis also provided in both the hands-free system
and the distant terminal as a reference test signal. Due
to the fact that the reference test signal is also provided
in the receiving unit of both terminals the received test
signal can be compared to the reference test signal
stored in the other of the hands-free system and the dis-
tantterminal where the test signal was received. Further-
more, the calibration parameters of the hands-free sys-
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tem are then determined in accordance with the compar-
ison. This method has the advantage that each individual
mobile phone can be adapted to the hands-free system
with whichitis used. Accordingly, itis possible to calibrate
a hands-free system during normal operation by the cus-
tomer and not only before delivering the system as in the
prior art. For this reason also new mobile phones which
were noton the market at the time of delivering the hands-
free system can be calibrated and equalized automati-
cally. It has been shown that calibrating the mobile
phones individually improves the overall speech quality
remarkably.

[0012] Itis possible to calibrate the receiving path as
well as the transmitting path of the combined system
comprising the hands-free unit and the mobile phone.
When the receiving path should be calibrated, the pre-
determined test signal is transmitted from the distant ter-
minal to the hands-free system. The transmitted test sig-
nalis then received by the hands-free system and is com-
pared to the reference test signal already provided in the
hands-free system. By comparing the received signal to
the reference test signal the influence of the receiving
path of the hands-free system can be determined and
the calibration parameters of the receiving path can now
be adapted in accordance with the comparison. By com-
paring the reference test signal to the received test signal
the influence of the receiving path of the system can be
determined. The calibration parameters can now be con-
trolled in such a way that this influence due to the receiv-
ing path can be removed by setting the calibration pa-
rameters in such a way that the received test signal sub-
stantially corresponds to the stored reference signal
which did not undergo the transmission.

[0013] According to another aspect of the invention,
each time when the mobile phone is used together with
a hands-free unit the mobile phone is identified. When it
is known which mobile phone is used it can be verified
whether this mobile phone has already been used to-
gether with the hands-free unit before and whether a cal-
ibration has been carried out. If no calibration has been
carried out for the presently used mobile phone, the cal-
ibration steps can be initiated.

[0014] The user of the mobile phone needs not to be
informed of the calibration. To this end the received test
signal transmitted from the distant terminal may not be
output via the loudspeaker of the hands-free unit. Fur-
thermore, the audio signal picked up by the microphone
will not be transitted to the distant terminal, as this distant
terminal may only be used for calibrating the system.
[0015] Itis possible to choose a test signalfrom a large
variety of test signals. Preferably, a broadband time var-
iant signal is used as test signal. In the present context
a broadband test signal means that the bandwidth of the
test signal substantially corresponds to the bandwidth of
the audio signal transmitted by the mobile phone. Nor-
mally, the bandwidth transmitted in such communication
systems is between 50 and 4,000 Hz. However, there
exist also transmission systems transmitting frequency
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spectra up to 7,000 Hz. For measurements purposes in
these telecommunication systems an artificial voice sig-
nal is recommended by the ITU (International Telecom-
munication Union). It is mathematically defined such that
is models human speech. The long and short term spec-
tra, the probability density function of speech signals, the
voiced or unvoiced structure and the syllabic envelope
for male and female speech are emulated.

[0016] Furthermore, it is also possible to use a com-
posite source signal that comprises e.g. the following
three sections: a 50 ms long voice signal taken from ar-
tificial voice intended to activate speech detectors in the
system, a pseudo noise signal of about 200 ms duration
during which measurements can be taken, and a pause
that is long enough to set the system back into its quies-
cence state. The composite source signal can be repeat-
ed several times with alternative polarities. However, the
invention is not limited to the above-mentioned test sig-
nals. The test signal used will also depend on the storage
capacities of the hands-free system. If the storage ca-
pacity is limited, it is also possible to use shift registers
for generating a test signal. In this case the register is
filled with data. By xor-combinations of the different bit
entries test signals can be generated. The time depend-
ence of these test signals can be achieved by using a
time variant damping element connected after the shift
register.

[0017] There exist differentways of generating the test
signals. According to one aspect of the invention the test
signal and the reference test signal should be generated
the same way in a distant terminal and the hands-free
system. When these two signals are generated the same
way it can be assured that by comparing the transmitted
test signal to the reference test signal only the influence
of the transmission is present in the different signals.
[0018] Furthermore, itis possible to calculate the prop-
agation time difference or delay time between the trans-
mitted test signal and the reference test signal provided
in the other of the distant terminal and the hands-free
system before the calibration parameters are deter-
mined. By way of example the propagation time differ-
ence can be determined with the help of a correlation
function. When the propagation time is known, the influ-
ence of the signal transmission can be taken into account
when the received test signal is compared to the refer-
ence test signal.

[0019] One possibility to further analyze the hands-
free system and to calculate the calibration parameters
is to determined a time-averaged signal level of the re-
ceived signal and to compare this averaged signal level
to the time-averaged signal level of the reference test
signal. The difference of the levels can then be removed
by adapting the calibration parameters in such a way that
the signal level of the received test signal substantially
corresponds to the signal level of the reference test sig-
nal. By adapting the signal level variations the signal am-
plification between different mobile phones can be re-
moved.
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[0020] In addition to the signal level correction itis also
possible to determined the power density spectrum of
the received test signal and to compare the power density
spectrum of the stored signal to the power density spec-
trum of the received test signal, the equalizing parame-
ters of the hands-free system being determined in such
a way that the power density spectrum of the received
test signal substantially corresponds to the power density
of the reference test signal. By way of example this cor-
rection of the frequency response is possible by deter-
mining the discrete Fourier transformation. Furthermore,
the spectrum can also be determined using a LPC (Linear
Predictive Coding) analysis. In the last case the equali-
zation can be achieved using a FIR or IIR filter. In both
possibilities to calculate the spectrum the maximum at-
tenuation and the maximum amplification should be lim-
ited. If by way of example a large attenuation of the trans-
mitted signal at low frequencies should be removed, the
noise of the system would be amplified without the use
of a limitation of the attenuation. In order to avoid this
noise amplification, maximum signal amplification and
attenuation has to be determined as an upper and lower
limit.

[0021] Another possibility for calibrating the system
can be to determine whether in the receiving path of the
mobile phone an automatic feedback control of the signal
amplification is carried out. This can be achieved by using
a test signal with varying signal level. If this automatic
feedback control for the amplification is carried out, the
amplification of the received signal in the hands-free unit
should be adjusted to the signal amplification in the mo-
bile phone.

[0022] Furthermore, itis possibleto determine whether
a noise reduction is carried out in the receiving path of
the mobile phone by comparing the signal-to-noise-ratio
of the received signal to the signal-to-noise-ratio of the
provided reference signal. If a noise reduction is carried
outin the mobile phone, the noise reduction in the hands-
free system should be deactivated or adapted in accord-
ance with the noise reduction in the mobile phone. By
way of example when the overall system should have a
maximum attenuation of 12 dB and if a noise reduction
was carried out in the mobile phone by 8 dB, the param-
eters of noise reduction in the hands-free unit have to be
adapted in such a way that the maximum reduction in
the hands-free unit is 4 dB. In addition to the noise re-
duction it can be determined whether a signal level lim-
itation is activated in the mobile phone. If this is the case,
the amount of signal level limitation is determined and
the signal level limitation in the hands-free unitis adapted
in accordance with the signal level limitation in the mobile
phone. In one embodiment of the invention the activation
of a signal level limitation can be detected by using a test
signal having a large signal amplitude reaching the max-
imum possible amplitude.

[0023] Furthermore, according to another embodi-
ment of the invention the frequency response of the mo-
bile phone can be determined by comparing the spectrum

10

15

20

25

30

35

40

45

50

55

ofthereceived test signaltothe spectrum of the reference
test signal, the determined frequency response of the
mobile phone being used for extending the bandwidth of
the received audio signal of the mobile phone in wireless
communication systems such as mobile telephone net-
works. The frequency components below a certain fre-
quency such as 200 Hz or above a maximum frequency
such as around 3,400 Hz are not transmitted by the trans-
mission system. In order to improve the speech quality,
these frequency components can be calculated and add-
ed tothe received signal. For the calculation or estimation
of the missing frequency components it is advantageous
to correctly determine the frequency response of the mo-
bile phone. In this case the bandwidth extension can be
improved, the improved bandwidth extension resulting in
a better signal quality of the speech signal.

[0024] When a connection between the hands-free
system and the distantterminalis setup, itis also possible
that the hands-free system first of all transmits the iden-
tification code to the distant terminal identifying the used
hands-free unit and the mobile phone. This transmission
of a signal to the distant terminal can also initiate the
transmission of the test signal from the distant terminal
to the hands-free system when the receiving path of the
hands-free system comprising the mobile phone should
be calibrated.

[0025] According to another embodiment of the inven-
tion it is also possible to calibrate the transmission path
of the hands-free system. In this case the predetermined
test signal is transmitted from the hands-free system to
the distant terminal where the received signal is com-
pared to the reference test signal stored in the distant
terminal. By comparing these two signals the calibration
parameters of the transmitter of the hands-free system
can be calculated at the distant terminal and can then be
transmitted to the hands-free system where they can be
used for calibrating the transmission path of the hands-
free system. As it is the case for the calibration of the
receiving path of the hands-free system, the loudspeaker
of the hands-free system may not be activated when the
different signals are transmitted to the distant terminal.
The user of the hands-free system needs not to be both-
ered by the outputting of the different test signals via the
loudspeaker.

[0026] The invention further relates to a system for cal-
ibrating a hands-free system, the hands-free system
comprising a hands-free unit and a mobile phone. The
calibration system comprises the hands-free system, the
latter additionally comprising a loudspeaker for output-
ting a signal received by the mobile phone, and a micro-
phone picking up a speech signal of a user of the hands-
free system. Additionally, a first storage unit may be pro-
vided in the hands-free system storing the reference test
signal. The calibration system further comprises a distant
terminal transmitting a test signal to the hands-free sys-
tem and/or receiving a test signal from the hands-free
system, the distantterminal comprising a second storage
unit also storing the reference test signal. As described
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above, the test signal is transmitted from one of the
hands-free system and the distant terminal to the other,
the system further comprising a calibration unit adapting
the hands-free system to the used mobile phone, the
calibration unit comparing the received test signal to the
stored reference test signal and determines the calibra-
tion parameters in accordance with said comparison.
[0027] Hands-free systems are often used with differ-
ent mobile phones. Accordingly, the calibration system
may further comprise means for identifying the mobile
phone used in connection with the hands-free unit, the
calibration unit starting to adapt the mobile phone to the
hands-free unit when it is detected that a mobile phone
is used in connection with the hands-free unit for which
no calibration has been carried out. When itis determined
that for the used mobile phone a calibration has already
been carried out, it is not necessary to re-calibrate the
system if not wanted by the user.

[0028] It is possible that the calibration is initiated by
the user of the mobile phone. When the software of the
mobile phone has been updated, the processing of the
audio signal may have changed. In this case it might be
advantageous to recalibrate the hands-free system even
if a calibration has been carried out for the same mobile
phone with an older software version. In this case the
user can also initiate the calibration of a mobile phone
which has already been used in connection with the
hands-free unit.

[0029] The test signals should be provided in both lo-
cations, the distant terminal and the hands-free system.
Depending on the fact which calibration parameter
should be determined, different test signals may be used.
These different test signals may either be stored in a
storage unit provided in both the hands-free system and
the distant terminal. However, it is also possible that
means for generating the signals are provided. As men-
tioned above, the test signal may be generated by a shift
register used in connection with atime variant attenuation
element in order to generate a time variant test signal.
Furthermore, means may be provided determining the
propagation time or the time delay between the hands-
free system and the mobile unit. When this time delay
between the different signals is quantified, the two signals
can be compared and the corresponding calibration pa-
rameters can be determined.

[0030] As discussed above, the average signal level
ofthe received test signal can be determined. To this end
means for determining the average signal level may be
provided.

[0031] According to another embodiment of the inven-
tion the system may further comprise means for deter-
mining whether an automatic feedback control of the sig-
nal amplification is carried out in the receiving path of the
mobile phone. The system may further comprise means
for determining whether a noise reduction is carried out
in the receiving path of the mobile phone. Additionally,
the system may comprise means for determining whether
a signal level limitation is activated in the mobile phone.
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Brief Description of the Drawings

[0032] Other applications and advantages of this in-
vention will become apparent to those skilled in the art
upon reference to the specification and the drawings.

Fig. 1 shows an exemplary embodiment of a hands-
free system in a vehicle using a calibration in the
transmitting and receiving path,

Fig. 2 shows a system for calibrating the receiving
path of a hands-free system of a vehicle,

Fig. 3 shows a flowchart incorporating the steps car-
ried out for calibrating the receiving path of a hands-
free system,

Fig. 4 shows in further detail a calibration system
calculation the calibrating parameters of the calibra-
tion system,

Fig. 5 shows a system for calibrating the transmitting
path of a hands-free system, and

Fig. 6 shows a flowchart comprising the steps for
calibrating the transmitting path of the system shown

in Fig. 5.

Detailed Description of the Preferred Embodiments

[0033] In Fig. 1 a hands-free system used in a vehicle
is shown in which a system for calibrating the hands-free
system of the invention can be incorporated. The system
shown in the vehicle 10 comprises a mobile phone 11.
The mobile phone 11 receives audio signals via a tele-
communication system not shown in the figure and trans-
mits signals via the telecommunication system. In the
embodiment shown in Fig. 1 the mobile phone 11 is used
in connection with ahands-free unit 12. In many countries
the use of a hands-free systems in vehicles is mandatory
in orderto avoid the distraction of the driver during driving.
The hands-free system can be connected to an audio
system of the vehicle, especially to the loudspeakers 13
through which the signal received from the other end of
the line is output. Additionally, microphones 14 are pro-
vided picking up the voice signal of the user which is
transmitted via the hands-free unit to the mobile phone
and then to the other end of the line. In order to achieve
the best speech quality, the mobile phone 11 has to be
adapted to the hands-free unit 12. By way of example
each mobile phone may have a different signal level, as
the electronic components used in each mobile phone
may result in an amplification which is different for each
mobile phone. The mobile phone can be adapted to the
hands-free unit by a first calibration unit 15 provided in
the receiving path and a second calibration unit 16 pro-
vided in the transmitting path of the system. The calibra-
tion unit provided in the receiving path can be used in
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the following example. Normally, the loudspeaker incor-
porated into the mobile phone is very small, so that the
emitted audio signal is largely attenuated at lower fre-
guencies. This attenuation can be reduced when a filter
is used removing the attenuation in the lower frequency
range. If, however, the loudspeakers of the vehicle are
used and if the signal filter in the mobile phone is not
deactivated, the audio signal output by the loudspeaker
will have strongly reinforced lower signal components as
the loudspeaker provided in the vehicle will normally not
attenuate the lower frequency components as much as
the smaller loudspeaker in the mobile phone. In order to
remove this effect, the calibration unit 15 can be used in
the receiving path. The calibration unit 16 provided in the
transmission path can help to adapt the audio signal to
the environment due to the fact that the microphones 14
of the vehicle are used instead of the microphones pro-
vided in the mobile phone itself. The calibration unit 16
can adapt the audio signal to be transmitted to the other
end of the line taking into account the different frequency
responses of the microphones 14 compared to the fre-
quency responses of the microphones {not shown) in the
mobile phone itself.

[0034] In Fig. 2 a system is shown which can be used
for individually calibrating each mobile phone of a hands-
free system. When a user of the mobile phone 11 in the
vehicle 10 uses the mobile phone in connection with the
hands-free unit 12, a detection unit (not shown) can de-
tect when a mobile phone is used for which no calibration
has been carried out. The driver of the vehicle may be
informed that it is possible to calibrate the used mobile
phone to the hands-free system. If the user or driver
agrees to the calibration, the system comprising the mo-
bile phone 11 and the hands-free unit 12 will build a con-
nection to a distant terminal 20 via the telephony network
of the mobile phone. The system in the vehicle can now
initiate a transmission of a test signal stored in a storage
unit 21 of the distant terminal 20. The distant terminal
also comprises a calibration unit 22 in which the storage
unit 21 comprising the different test signals may be pro-
vided. The system shown in Fig. 2 comprises acalibration
unit 23. The distant terminal 20 transmits a test signal
stored in the storage unit 21 to the hands-free system in
the vehicle. This transmitted test signal should be a time
variant broadband audio signal which is to be transmitted
by the telephony network. Preferably, the test signal
should be designed in such a way that the transmitted
signal is not changed too much by the coding methods
of the telephony network, such as GSM or CDMA. Dif-
ferent test signals are recommended by ITU, these test
signals normally modeling human speech. By way of ex-
ample a test signal can be a composite source signal
known in the art or an artificial voice signal. The test sig-
nals also depend on the storing capacities in the mobile
phone or the hands-free unit. If only a limited storage
space is provided, it is also possible to use shift registers
with feedback and time-dependent attenuation elements
for generating the test signal. The test signals provided
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in the remote terminal 20 are also provided as reference
test signals in the communication system in the vehicle
in the storage unit 24.

[0035] The testsignalfromthe storage unit 21 is trans-
mitted to the hands-free communication system in the
vehicle where it is received by the mobile phone 11. The
received test signal is then fed to a comparison unit 25
where the received test signal is compared to the refer-
ence test signal stored in the storage unit 24. In order to
determine the influence from the receiving mobile phone
11 the reference test signal of the storage unit 24 should
be generated the same way as the test signal in the stor-
age unit 21 in the distant terminal 20. In the comparison
unit the signal is processed in such a way that the re-
ceived test signal mainly corresponds to the reference
testsignal. The calibration parameters determined by the
comparison are then fed to the calibration unit 15 provid-
ed inthe receiving path of the system. In the mobile phone
a switch 26 is shown indicating that the transmitted test
signal is not output via the loudspeaker 13. The result of
comparisonis also fed to the hands-free unit 12 foradapt-
ing the parameters of the hands-free unit in accordance
with the comparison. Additionally, a control unit 27 can
be provided controlling the adaption of the hands-free
unit 12 and the mobile phone 11 relative to each other.
In Fig. 2 the calibration unit 16 for the transmission path
of the communication system is shown in dashed lines,
as it is not needed for calibration the receiving path of
the system containing the hands-free unit and the mobile
phone.

[0036] In Fig. 3 the steps are summarized which are
needed to adapt the receiving path of the hands-free sys-
tem. After the start of the process in step 31 the hands-
free system is connected to the distant terminal. Accord-
ing to one embodiment of the invention the connection
is initiated by the hands-free systemwhenitis determined
that the connected mobile phone is a mobile phone for
which no calibration has been carried out. Furthermore,
the hands-free system also determines which of the test
signals should be transmitted from the distant terminal
to the hands-free system. It is possible that different test
signals are transmitted which are needed for adapting
the different parameters as will be discussed below. Fur-
thermore, it is possible that only one test signal is trans-
mitted for adapting a certain predetermined calibration
parameter of the system. When a connection has been
finally built up in step 32, a selected test signal or test
signals are transmitted from the distant terminal to the
hands-free system in step 33. After receiving the test
signal, the latter is compared to the reference test signal
stored in storage unit 24 in step 34. In step 35 the cali-
bration parameters are determined by analyzing the re-
ceived test signal and the reference test signal. When
the calibration parameters can be determined, theincom-
ing audio signals can then be processed using the de-
termined calibration parameters. The process ends in
step 36.

[0037] In Fig. 4 an embodiment of a comparison unit
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is shown in more detail. The calibration unit shown in Fig.
4 has two input terminals 41 and 42. The calibration unit
receives the reference test signal of the storage unit 24
and receives the signal transmitted from the distant ter-
minal at the input terminal 42. After receiving the two
signals, the propagation time can be considered taking
into account that one of the two signals was transmitted
from a distant terminal. Once the propagation time has
been considered, different calibration parameters can be
calculated. By way of example a level determination unit
43 can determine the signal level of the two received
signals. The level determination unit can determine a
time-averaged level of the received signal and compare
the time-averaged signal level to the signal level of the
reference test signal. The signal level difference between
the two signals can then be removed or minimized by
adapting the calibration parameters accordingly.

[0038] Additionally, itis possible to equalize the receiv-
ing signal response. To this end a spectrum determina-
tion unit 44 can be provided determining the spectrum of
the received signal. The spectrum determination unit 44
can determine the discreet Fourier transform of the two
signals, or a linear predictive coding analysis (LPC anal-
ysis) can be carried out. When a LPC analysis is used,
the equalizing can be obtained by a finite impulse re-
sponse (FIR) filter or an infinite impulse response (lIR)
filter.

[0039] Additionally, itis possible to determine whether
in the mobile phone the signal amplification is controlled
automatically in the receiving path. This can be done by
an amplification detection unit 45 detecting whether an
automatic control of the signal amplification is carried out
in the mobile phone. In this case the test signal can be
a signal, the level of which varies during transmission.
When this level difference of the incoming test signal is
balanced, it is possible to deduce that an automatic level
control is carried out in the mobile phone. The signal am-
plification of the hands-free unit can then be determined
accordingly.

[0040] Furthermore, the calibration unit shown in Fig.
4 can comprise a limiter detection unit 46 detecting
whetherin the receiving path of the mobile phone alimiter
is present. For detecting the presence of a limiter the test
signal may comprise large amplitudes mainly corre-
sponding to the maximum modulation. If a limiter was
found to be presentin the mobile phone, a possible limiter
in the hands-free unit should be either deactivated or
adapted accordingly.

[0041] Furthermore, a noise reduction unit 47 can be
provided detecting whether a noise reduction is carried
out in a mobile phone. In one example this can be de-
tected by using a test signal having a predetermined
amount of background noise. When the signal-to-noise-
ratio is known for the transmitting and for the receiving
system, itis possible to deduce whether a noise reduction
is active in the mobile phone. The noise reduction in the
hands-free unit can then be adapted accordingly. Fur-
thermore, a frequency response determination unit 48
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can be provided. The knowledge of the frequency re-
sponse of the mobile phone can help to furthermore im-
prove the speech quality in the hands-free system, as
frequency components not provided in the transmitted
signal can be generated using bandwidth extension
methods. The calculation of the spectral components
which were suppressed by the transmission system is
possible with high accuracy when the frequency re-
sponse of the mobile phone is known. If the frequency
response is known, the influence of the receiving path of
the mobile phone can be removed by calculating the cal-
ibration parameters accordingly. Last but not least a con-
trol unit 49 is provided controlling the different units
shown in Fig. 4. The calculated calibration or equalizing
parameters can then be fed to the calibration unit in the
receiving path.

[0042] InFig.5asystemis shown which could be used
for calibrating the transmission path of the mobile com-
munication system. In connection with Fig. 5 reference
numerals also shown in Fig. 2 designate the same units
having the same function as shown in Fig. 2. In the em-
bodiment shown in Fig. 5 a test signal is selected from
the storage unit 24 and is transmitted via the mobile
phone 11tothe distantterminal 20. In the distant terminal
20 the calibration unit 22 comprises a comparison unit
51 in which the received signal is compared to the refer-
ence test signal stored in the storage unit 21. In the com-
parison unit51 the signal processing steps can be carried
out as explained in connection with Figs. 2 and 4. By way
of example it is possible to compensate signal level dif-
ferences and to calculate the frequency response of the
transmission path of the mobile phone. Also making ref-
erence to Fig. 6 the process for calibrating the transmit-
ting path is shown. After starting the processing in step
61 a connection is built up between the hands-free sys-
tem 10 and the distant terminal 20 in step 62. The test
signal selected from the storage unit 24 is then transmit-
ted from the hands-free system to the distant terminals
in step 63 where the received test signal is compared to
the reference test signal stored in the storage unit 21 1
(step 64). The calibration or equalization parameters are
then determined in step 65 in the comparison unit 51.
With the help of a transmission protocol the calculated
parameters are then transmitted to the hands-free sys-
temin step 66. The calibration parameters are then used
in the calibration unit 16 calibrating the transmission path
of the hands-free unit and the mobile phone. When the
calibration parameters have been stored in the hands-
free system, the test signal processed by the calibration
parameters can again be sentto the distant terminal. The
distant terminal can then verify whether the transmitted
testsignal substantially corresponds to the reference test
signal. If this is not the case the calibration steps can be
repeated.

[0043] The distantterminal can be a server accessible
over the mobile communication system and may be run
by the company also manufacturing the hands-free sys-
tems. However, the distant terminal can also be run by
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any other authority.

[0044] Furthermore, it is possible to take into account
the mobile telephony network with which the test signals
were transmitted. It is possible to store in the transmitted
signal the type of network with which the test signal has
been transmitted. This can by way of example help when
different types of networks are used. By way of example
these network changes can occur when the hands-free
system is used in connection with a UMTS mobile phone.
If a UMTS network is provided, the UMTS network is
used. If no UMTS network is provided, a GSM network
is used. In this case the calibration parameters deter-
mined in connection with the transmission over a UMTS
network should not be used for calibrating the system
working in a GSM network or vice versa. Accordingly, it
is possible to take into account the mobile network
through which the test signal is transmitted. The calibra-
tion parameters may only be used for the network for
which they were determined.

[0045] Summarizing this invention provides a possibil-
ity to calibrate each used mobile phone and to adapt the
mobile phone to a hands-free unit. With the above-de-
scribed invention it is possible to further improve the
speech quality, as the calibration is not limited to the cal-
ibration depending on the type of mobile phone used.
Instead, a calibration for each individual mobile phone is
possible.

Claims

1. Method for calibrating a hands-free system, the
hands-free system comprising a hands-free unitand
amobile phone, the method comprising the following
steps:

- setting up a connection between the hands-
free system and a distant terminal via a mobile
telephony network of the mobile phone,

- transmitting a predetermined test signal from
one of the hands-free system and the distant
terminal to the other of the hands-free system
and the distant terminal, the predetermined test
signal being provided in both the hands-free sys-
tem and the distant terminal as reference test
signal,

- comparing the received test signal to the ref-
erence test signal stored in the other of the
hands-free system and the distant terminal, and
- determining the calibration parameters of the
hands-free system in accordance with the com-
parison.

2. Method according to claim 1, wherein for calibrating
the receiving path of the hands-free system, the pre-
determined test signal is transmitted from the distant
terminal to the hands-free system, the test signal re-
ceived in the hands-free system is compared to the
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10.

1.

reference test signal provided in the hands-free sys-
tem and the calibration parameters of the receiving
path of the hands-free system are adapted in accord-
ance with said comparison.

Method according to claim 1 or 2, characterized by
further comprising the step of identifying the mobile
phone used in the hands-free system, and if it is de-
tected that a mobile phone is used in the hands-free
system for which no calibration has been carried out,
the calibration steps are initiated.

Method according to any of the preceding claims,
wherein the received test signal transmitted from the
distant terminal is not output via a loudspeaker of
the hands-free system.

Method according to any of the preceding claims,
wherein a broadband time variant signal is used as
test signal, the bandwidth of the test signal corre-
sponding substantially to the bandwidth transmitted
by the mobile phone.

Method according to claim 5, wherein a composite
source signal or an artificial voice signal is used as
predetermined test signal.

Method according to claim 5, wherein a shift register
is used together with atime variant damping element
in order to generate the predetermined test signal.

Method according to any of the preceding claims,
wherein the transmitted test signal and the reference
test signal are generated the same way in the distant
terminal and the hands-free system.

Method according to any of the preceding claims,
wherein, before the calibration parameters of the
hands-free system are determined, the propagation
time difference between the transmitted test signal
and the reference test signal provided in the other
of the distant terminal and the hands-free system is
determined and removed.

Method according to any of the preceding claims,
wherein a time-averaged signal level of the received
signal is determined and compared to the time-av-
eraged signal level of the reference test signal, the
calibration parameters being adapted in such a way
that the signal level of the received test signal sub-
stantially corresponds to the signal level of the ref-
erence test signal.

Method according to any of the preceding claims,
wherein the power density spectrum of the received
test signal is determined and compared to the power
density spectrum of the stored signal, the equalizing
parameters of the hands-free system being deter-
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mined in such a way that the power density spectrum
of the received test signal substantially corresponds
to the power density of the reference test signal.

Method according to any of the preceding claims,
wherein it is determined if in the receiving path of the
mobile phone an automatic feedback control of the
signal amplification is carried out using a test signal
with varying signal level, and if the amplification is
controlled automatically, the automatic control of the
signal amplification in the hands-free system is ad-
justed in the hands-free system depending on the
signal amplification in the mobile phone.

Method according to any of the preceding claims,
wherein it is determined whether a noise reduction
is carried out in the receiving path of the mobile
phone by comparing the signal-to-noise-ratio of the
received signal to the signal-to-noise-ratio of the pro-
vided reference signal, and in the affirmative the
noise reduction in the hands-free system is adapted
taking into account the noise reduction of the mobile
phone.

Method according to any of the preceding claims,
wherein it is determined whether a signal level limi-
tation is activated in the mobile phone, and in the
affirmative, the amount of signal level limitation is
determined and the signal level limitation in the
hands-free system is adapted taking into account
the signal level limitation of the mobile phone.

Method according to any of the preceding claims,
wherein the frequency response of the mobile phone
is determined by comparing the spectrum of the re-
ceived test signal to the spectrum of the reference
test signal, the determined frequency response of
the mobile phone being used for extending the band-
width of the received audio signal of the mobile
phone.

Method according to any of the claims, wherein when
the connection between the hands-free system and
the distant terminal is set up, the hands-free system
transmits an identification code to the distant termi-
nal and initiates the transmission of the test signal
to the hands-free system.

Method according to any of the preceding claims,
wherein for calibrating the transmission path of the
hands-free system, the predetermined test signal is
transmitted tothe distantterminal where the received
signal is compared to the reference test signal pro-
vided in the distant terminal, the calibration param-
eters of the transmitter of the hands-free system be-
ing calculated at the distant terminal and transmitted
to the hands-free system.
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Method accordingto claim 17, wherein for calibrating
the transmission path of the hands-free system the
loudspeaker of the hands-free system is not activat-
ed.

System for calibrating a hands-free system, the
hands-free system being used in connection with a
mobile phone, the system comprising:

- a hands-free system comprising

- a mobile phone,

- aloudspeaker outputting a signal received
by the mobile phone,

- at least one microphone picking up a
speech signal of a user of the hands-free
system,

- a fist storage unit provided in the hands-
free system storing a reference test signal,

- a distant terminal transmitting a test signal to
or receiving a test signal from the hands-free
system, the distant terminal comprising a sec-
ond storage unit storing the reference test sig-
nal,

wherein the test signal is transmitted from one of the
hands-free system and the distant terminal to the
other of the hands-free system and the distant ter-
minal,

the system further comprising

- a calibration unit adapting the hands-free sys-
tem to the used mobile phone, the calibration
unit comparing the received test signal to the
stored reference test signal and determines the
calibrating parameters in accordance with said
comparison.

System according to claim 19, characterized by fur-
ther comprising means for identifying the mobile
phone used in connection with the hands-free sys-
tem, the calibration unit starting to adapt the mobile
phone to the hands-free system when it is detected
that a mobile phone is used for which no calibration
has been carried out.

System according to claim 19 or 20, characterized
by further comprising means for generating the test
signal.

System according to any of claims 19 to 21, char-
acterized by further comprising means for determin-
ing the propagation time between the hands-free
system and the mobile unit.

System according to any of claims 19 to 22, char-
acterized by further comprising means for determin-
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ing the average signal level of the received test sig-
nal.

System according to any of claims 19 to 23, char-
acterized by further comprising means for determin-
ing the power density spectrum of the received test
signal and of the reference test signal.

System according to any of claims 19 to 24, char-
acterized by further comprising means for determin-
ing whetheran automatic feedback control of the sig-
nal amplification is carried out in the receiving path
of the mobile phone.

System according to any of claims 19 to 25, char-
acterized by further comprising means for determin-
ing whether a noise reduction is carried out in the
receiving path of the mobile phone

System according to any of claims 19 to 21, char-
acterized by further comprising means for determin-
ing whether a signal level limitation is activated in
the mobile phone
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