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(54) METHOD FOR CALIBRATING AN AUDIO REPRODUCTION SYSTEM AND CORRESPONDING 
AUDIO REPRODUCTION SYSTEM

(57) The present invention provides a method for cal-
ibrating an audio reproduction system (100, 200) with a
number of linearly arranged speaker devices (101, 102,
103, 104, 105, 106) for reproducing surround sound sig-
nals, the method comprising emitting (S1, S11) test sig-
nals (108, 208), each test signal (108, 208) being emitted
via a single one of the speaker devices (101, 102, 103,
104, 105, 106), receiving (S2, S12) responses (109, 110,
111, 112, 113, 209, 210, 211, 212, 213) to the test signals

(108, 208) via the remaining speaker devices (101, 102,
103, 104, 105, 106) that are not used for emitting the
respective test signal (108, 208), and determining (S3,
S13) calibration parameters (114, 214) for the audio re-
production system (100, 200) based on the received re-
sponses (109, 110, 111, 112, 113, 209, 210, 211, 212,
213). Further, the present invention provides a respective
audio reproduction system (100, 200).
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Description

TECHNICAL FIELD

[0001] The invention relates to a method for calibrating an audio reproduction system. Further, the present invention
relates to a respective audio reproduction system.

BACKGROUND

[0002] Although applicable to any audio reproduction system with multiple speakers, the present invention will mainly
be described in conjunction with soundbars.
[0003] In modern multimedia applications, sound may be provided as so called surround sound. Surround sound
comprises audio information for speakers that usually are placed around a user. Common speaker setups may e.g.
comprise a so called 5.1 setup, where 5 surround speakers are combined with a single subwoofer. Other possible
arrangements may e.g. comprise a 7.1 setup, or setups with ceiling speakers, like e.g. a 5.1.2, 5.1.4 or a 7.1.2 setup.
It is understood, that other setups are also possible.
[0004] In some situations however, the available space may be limited. This may for example be the case in a living
room that is not used as a dedicated home theater. To provide surround sound to users even if the surround speakers
may not be placed around the users, so called soundbars have been developed. Soundbars comprise several speakers
in a linear arrangement and may e.g. be placed below a TV screen.
[0005] The speakers in a soundbar may e.g. be used as a kind of phased array that allows guiding the maxima of the
emitted sound waves to direct sound and simulate surround speakers. Further, soundbars may make use of reflections
of the soundwaves at the walls of a room.
[0006] Since the speakers are located very close to each other in a soundbar, the soundbar exhibits a high dependency
on the room and objects on the room that accommodates the soundbar. In order to properly generate and emit sound
signals with the speakers in a soundbar, the soundbar usually has to be calibrated to provide the correct surround sound
experience to the users.
[0007] Accordingly, there is a need for providing a calibration method for soundbars.

SUMMARY OF THE INVENTION

[0008] The present invention provides a method with the features of claim 1 and an audio reproduction system with
the features of claim 9.
[0009] Accordingly, it is provided:

A method for calibrating an audio reproduction system with a number of linearly arranged speaker devices for
reproducing surround sound signals, the method comprising emitting test signals, each test signal being emitted
via a single one of the speaker devices, receiving responses to the test signals via the remaining speaker devices
that are not used for emitting the respective test signal, and determining calibration parameters for the audio repro-
duction system based on the received responses.

[0010] Further, it is provided:

An audio reproduction system for reproducing surround sound signals, the audio reproduction system comprising
a number of linearly arranged speaker devices, and a control unit coupled to the speaker devices and configured
to emit test signals, each test signal being emitted via a single one of the speaker devices, receive responses to
the test signals via the remaining speaker devices that are not used for emitting the respective test signal, and
determine calibration parameters for the audio reproduction system based on the received responses.

[0011] The present invention is based on the finding that speaker devices may be used for reproducing and emitting
sound waves and may also be used as microphone-like sensors or recording devices. It is understood, that the sensitivity
and other characteristics of a speaker when used as microphone may not be as good as those of a real microphone.
However, for the present invention the recording characteristics of speaker devices have been found to suffice.
[0012] The present invention makes use of the above finding and provides a method for calibrating an audio repro-
duction system with a number of linearly arranged speaker devices. Such an audio reproduction system may e.g. be a
soundbar that comprises the speaker devices arranged linearly or on a straight line in a housing of the soundbar, the
speakers usually facing the users. It is understood, that for applying the present invention, an audio reproduction system
may also comprise additional speaker devices that not necessarily need to be directed to the users or be provided in



EP 3 506 660 A1

3

5

10

15

20

25

30

35

40

45

50

55

the linear arrangement. Additional speaker devices may e.g. be oriented to the back of the soundbar or upwards.
[0013] The present invention is based on test signals that are in each case emitted via a single one of the speaker
devices of the audio reproduction system.
[0014] The remaining speaker devices may then be used to record the response to the emitted test signal. A response
in this context is any signal that is detected or measured via one of the speaker devices as direct response to the
respective test signal. The test signal may e.g. be reflected from objects and walls in a room in which the audio reproduction
system is accommodated and the remaining speakers may then receive the reflected signals.
[0015] If for example the audio reproduction system comprises six speakers, six test signals may be emitted each via
one of the speaker devices. Consequently, five responses to the test signals may be recorded for each test signal by
the remaining speaker devices that are not used to emit the respective test signal.
[0016] It is then possible to determine calibration parameters for the audio reproduction system to adapt the emitted
surround sound signals according to the properties of the room in which the audio reproduction system is positioned.
[0017] The present invention therefore provides a very simple yet effective way of calibrating the audio reproduction
system. Since no dedicated measurement equipment, like e.g. external microphones, is required, the present invention
allows calibrating the audio reproduction system whenever required.
[0018] Since the number of users that takes seat in front of the audio reproduction system may already influence the
reproduction of surround sound, the calibration according to the present invention may e.g. be performed during startup
of the audio reproduction system, every time the audio reproduction system is switched on.
[0019] Further embodiments of the present invention are subject of the further subclaims and of the following descrip-
tion, referring to the drawings.
[0020] In an embodiment, the determined calibration parameters may comprise a room obstacle level value, especially
with a value between 0 and 5, especially between 0 and 4 or between 0 and 3, that indicates the level of filling of
surroundings, e.g. a room, of the audio reproduction system with obstacles for the sound waves emitted by the audio
reproduction system.
[0021] Digital signal processing algorithms in the audio reproduction system that convert the received surround sound
signal, e.g. a Dolby Digital 5.1 signal, into driving signals for the single speaker devices, usually require an information
about the amount of obstacles in the room in which the audio reproduction system is used.
[0022] This information may be provided as a discrete value that indicates a rough estimate of the filling of the room
with obstacles.
[0023] For example a room obstacle level value of 0 may refer to a room with a small number of obstacles or no
obstacles. The higher the room obstacle level value the more obstacles are assumed to be in the room. The maximum
room obstacle level value therefore refers to a cluttered room.
[0024] In a possible embodiment, a room obstacle level value of 0 refers to an empty or an almost empty room, a
room obstacle level value of 1 refers to a medium number of obstacles, and a room obstacle level value of 3 refers to
a room with many obstacles or large obstacles.
[0025] By providing the room obstacle level value the present invention may be used with the above mentioned digital
signal processing algorithms.
[0026] The digital signal processing algorithms may e.g. output the original sound for the lowest room obstacle level
value and may increasingly perform e.g. level or phase shifting and amplitude modifications with increasing room obstacle
level value.
[0027] In another embodiment, the test signals are emitted consecutively or at least two of the test signals are emitted
concurrently.
[0028] Emitting the test signals consecutively provides for a very simple arrangement, where the responses of the
other speaker devices to the respective test signal may be easily recorded. On the other hand, emitting the test signals
or at least some of the test signals concurrently shortens the time required for performing the calibration. However, the
responses of the speaker devices to the emitted test signals must in each case be separated from the supply signals
that are fed to the respective speaker devices with respective signal processing.
[0029] The single test signals may e.g. be chosen with such differences, e.g. in frequency that they or the respective
responses may easily be separated e.g. via frequency selective filters for further processing.
[0030] In a further embodiment, the test signals may each comprise a predetermined frequency in the audible signal
range or in the ultrasonic signal range.
[0031] Using test signals with frequencies in the audible signal range allows reusing the signal generation means in
the audio reproduction system that are optimized for generating audible signals and therefore provides for a very simple
calibration. However, the audible signals may be perceived by users as disturbing, especially if the calibration is performed
not only at the setup of the audio reproduction system but e.g. at every startup of the audio reproduction system, as
hinted at above.
[0032] Therefore, the frequencies of the test signals may also be chosen in the ultrasonic signal range. This allows
determining the calibration parameters without users perceiving the test signals. Such a calibration may therefore be
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performed whenever necessary.
[0033] The calibration with ultrasonic test signals may even be performed during normal operation of the audio repro-
duction system, i.e. while audio signals are reproduced by the audio reproduction system. This allows adapting the digital
signal processing algorithms in the audio reproduction system to changing room situations even during operation of the
audio reproduction system.
[0034] In an embodiment, the method may comprise determining a frequency shift of the received responses in relation
to the respective test signal, and/or determining a change of the amplitude, especially the peak amplitude and/or the
average amplitude, of the received responses in relation to the respective test signal, and/or determining a distortion
level of the received responses in relation to the respective test signal.
[0035] It is understood that any adequate type of determination may be performed to determine the frequency shift,
the change of amplitude and the distortion level.
[0036] It is for example possible to perform a frequency comparison by converting the received responses into the
frequency domain, e.g. by performing a Fourier Transform or a Fast Fourier Transform. In the frequency domain peaks
may be identified and the respective frequency spectrum of the received responses and may e.g. be compared with a
known frequency or frequencies of the respective test signals. If the frequency of the test signal is not known, the emitted
test signal may also be converted into the frequency domain and the peaks in the frequency spectrum may be identified.
[0037] The peaks of the test signals and the respective responses may be at the same frequencies. It is however,
possible that the received responses comprise a distorted or blurred frequency spectrum. This may e.g. be detected by
determining the average signal in the frequency domain or by comparing the respective center frequencies. It is under-
stood, that a bandpass filter may be applied to the test signals and the received responses as required.
[0038] The change of the amplitude, i.e. the damping of the test signals in the room may e.g. be determined by
determining a RMS value or average values of the test signals and the respective received responses.
[0039] Distortions, e.g. the total harmonic distortion, THD, may e.g. be calculated with any moving average technique.
For example, the powers of all harmonics and the fundamental frequency of the test signals and the respective responses
may be calculated in the frequency domain, e.g. with a moving average filter applied.
[0040] In a further embodiment, the method may comprise calculating a metric value based on the determined frequency
shift and/or the determined change of the amplitude and/or the determined distortion level.
[0041] The metric value may for example be provided as a value between 0 and 100 or between 0 and 255. In any
case, the determined frequency shift and/or the determined change of the amplitude and/or the determined distortion
level may be normalized according to the desired value range of the metric value.
[0042] If the value range of the metric value is chosen to be between 0 and 255, the determined frequency shift and
the determined change of the amplitude and the determined distortion level may be normalized to provide values between
0 and 255/3=85. The total sum of the three values for frequency shift and change of the amplitude and distortion level
may then be maximally 255.
[0043] Normalizing may e.g. be performed by calculating and applying a normalization factor that is based on the
possible minimum and maximum values of the respective input values.
[0044] The metric value may then e.g. be determined as: 

where ΔF is the determined frequency shift, ΔA is the determined change of amplitude, ΔTHD is the determined level
of distortion, and the multipliers are the respective normalization factors.
[0045] In an embodiment, the room obstacle level value may be determined based on the metric value, wherein a
threshold value regarding the metric value may be provided for every value of the room obstacle level value.
[0046] Possible threshold values for a value range of the metric value between 0 and 255 may for example be 20 for
the first room obstacle level, 150 for the second room obstacle level and 255 for the third room obstacle level. In this
case, the values each represent the upper threshold for the respective room obstacle level.
[0047] Consequently, in the above example a metric value lower than 20 represents the first room obstacle level, a
metric value between 20 and lower than 150 represents the second room obstacle value, and a metric value equal to
and above 150 represents the third obstacle level.
[0048] It is understood, that the exact threshold values may e.g. be empirically or experimentally determined.
[0049] In another embodiment, as the metric value for determining the room obstacle level value the maximum metric
value may be used as determined for any one of the received responses. As alternative, as the metric value for determining
the room obstacle level value the minimum metric value may be used as determined for any one of the received responses,
or an average metric value may be used that is calculated as the average of all metric values for all received responses.
[0050] If one of the speaker devices of the audio reproduction system is used as sound emitter for the test signals
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and the other speaker devices are used as microphones, the received signals and the respective metric values may be
recorded in a matrix that comprises a number of rows and columns that is one less than the number of speaker devices.
For a six-speaker soundbar, after all six speakers emitted a test signal, the resulting matrix would therefore be a 5x5
matrix with respective metric values. A matrix allows easily processing the metric values for determining the room obstacle
level value.
[0051] As explained above, different schemes may be used to determine the room obstacle level. For example, the
maximum or the minimum value in the matrix may be used to determine the room obstacle level. As further alternative,
the mean value may be used.
[0052] It is understood, that the method may also comprise showing the result, i.e. the determined room obstacle level
value to a user. The user may then e.g. confirm the determined room obstacle level value or manually modify the
determined room obstacle level value.

BRIEF DESCRIPTION OF THE DRAWINGS

[0053] For a more complete understanding of the present invention and advantages thereof, reference is now made
to the following description taken in conjunction with the accompanying drawings. The invention is explained in more
detail below using exemplary embodiments, which are specified in the schematic figures of the drawings, in which:

Fig. 1 shows a flow diagram of an embodiment of a method according to the present invention;

Fig. 2 shows a flow diagram of another embodiment of a method according to the present invention;

Fig. 3 shows a block diagram of an embodiment of an audio reproduction system according to the present invention;
and

Fig. 4 shows a block diagram of another embodiment of an audio reproduction system according to the present
invention.

[0054] In the figures like reference signs denote like elements unless stated otherwise.

DETAILED DESCRIPTION OF THE DRAWINGS

[0055] For sake of clarity in the following description of the method based Figs. 1 and 2 the reference signs used
above in the description of apparatus based Figs. 3 and 4 will be maintained.
[0056] Fig. 1 shows a flow diagram of a method for calibrating an audio reproduction system 100, 200 with a number
of linearly arranged speaker devices 101, 102, 103, 104, 105, 106 for reproducing surround sound signals.
[0057] The method comprises emitting S1 test signals 108, 208, each test signal 108, 208 being emitted via a single
one of the speaker devices 101, 102, 103, 104, 105, 106, receiving S2 responses 109, 110, 111, 112, 113, 209, 210,
211, 212, 213 to the test signals 108, 208 via the remaining speaker devices 101, 102, 103, 104, 105, 106 that are not
used for emitting the respective test signal 108, 208, and determining S3 calibration parameters 114 for the audio
reproduction system 100, 200 based on the received responses 109, 110, 111, 112, 113, 209, 210, 211, 212, 213.
[0058] The test signals 108, 208 may e.g. be emitted consecutively or wherein at least two of the test signals 108,
208 are emitted concurrently. Further, the test signals 108, 208 may each comprise a predetermined frequency in the
audible signal range or in the ultrasonic signal range.
[0059] The determined calibration parameters 114 may e.g. comprise a room obstacle level value, especially with a
value between 0 and 5, especially between 0 and 4 or between 0 and 3 that indicates the level of filling of surroundings
of the audio reproduction system 100, 200 with obstacles. This means, that the result of performing the method according
to the present invention may be an indication of the filling level of the room with obstacles. This information may then
be used by the digital signal processing devices in the audio reproduction system to adapt the audio output accordingly.
[0060] Fig. 2 shows a flow diagram of another method for calibrating an audio reproduction system 100, 200 with a
number of linearly arranged speaker devices 101, 102, 103, 104, 105, 106 for reproducing surround sound signals. The
method of Fig. 2 is based on the method of Fig. 1 and therefore also comprises a step of emitting S11 test signals 108,
208, each test signal 108, 208 being emitted via a single one of the speaker devices 101, 102, 103, 104, 105, 106, and
receiving S12 responses 109, 110, 111, 112, 113, 209, 210, 211, 212, 213 to the test signals 108, 208 via the remaining
speaker devices 101, 102, 103, 104, 105, 106 that are not used for emitting the respective test signal 108, 208.
[0061] The step of determining S13 calibration parameters 114 for the audio reproduction system 100, 200 based on
the received responses 109, 110, 111, 112, 113, 209, 210, 211, 212, 213 comprises four sub-steps S31 - S34.
[0062] Step S31 comprises determining a frequency shift of the received responses 109, 110, 111, 112, 113, 209,
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210, 211, 212, 213 in relation to the respective test signal 108, 208. The step S32 comprises determining a change of
the amplitude, especially the peak amplitude and/or the average amplitude, of the received responses 109, 110, 111,
112, 113, 209, 210, 211, 212, 213 in relation to the respective test signal 108, 208. Finally, the step S33 comprises
determining a distortion level of the received responses 109, 110, 111, 112, 113, 209, 210, 211, 212, 213 in relation to
the respective test signal 108, 208.
[0063] The results of steps S31, S32, and S33 are provided to the step of calculating S34 a metric value 217, where
the metric value 217 is calculated based on the determined frequency shift and the determined change of the amplitude
and the determined distortion level.
[0064] The room obstacle level value may e.g. be determined based on the metric value 217, wherein a threshold
value regarding the metric value 217 is provided for every value of the room obstacle level value.
[0065] As the metric value 217 for determining the room obstacle level value the maximum metric value 217 may be
used as determined for any one of the received responses 109, 110, 111, 112, 113, 209, 210, 211, 212, 213. As
alternative, as the metric value 217 for determining the room obstacle level value the minimum metric value 217 may
be used as determined for any one of the received responses 109, 110, 111, 112, 113, 209, 210, 211, 212, 213, or an
average metric value 217 may be used that is calculated as the average of all metric values 217 for all received responses
109, 110, 111, 112, 113, 209, 210, 211, 212, 213.
[0066] Fig. 3 shows a block diagram of an audio reproduction system 100. The audio reproduction system 100 com-
prises six speaker devices 101, 102, 103, 104, 105, 106 that are arranged on a straight line, like e.g. in a soundbar for
reproducing surround sound.
[0067] The audio reproduction system 100 further comprises a control unit 107 that is coupled to the speaker devices
101, 102, 103, 104, 105, 106. The control unit 107 performs a method as described in conjunction with Figs. 1 and 2 for
determining calibration parameters for the speaker devices 101, 102, 103, 104, 105, 106.
[0068] The control unit 107 may emit test signals 108. Each test signal 108 is emitted by the control unit 108 via a
single one of the speaker devices 101, 102, 103, 104, 105, 106. The control unit 107 then receives responses 109, 110,
111, 112, 113 to the test signals 108 via the remaining speaker devices 101, 102, 103, 104, 105, 106 that are not used
for emitting the respective test signal 108. The control unit 107 determines calibration parameters 114 for the audio
reproduction system 100 based on the received responses 109, 110, 111, 112, 113.
[0069] The control unit 107 may emit the test signals 108 consecutively or may emit at least two of the test signals
108 concurrently. In addition, the control unit 107 may provide the test signals 108 each with a predetermined frequency
in the audible signal range or in the ultrasonic signal range.
[0070] The control unit 107 may e.g. determine the calibration parameters 114 as a room obstacle level value, especially
with a value between 0 and 5, especially between 0 and 4 or between 0 and 3, that indicates the level of filling of
surroundings of the audio reproduction system 100 with obstacles.
[0071] To determine the calibration parameters 114 the control unit 107 may determine a frequency shift of the received
responses 109, 110, 111, 112, 113 in relation to the respective test signal 108, and/or determine a change of the
amplitude, especially the peak amplitude and/or the average amplitude, of the received responses 109, 110, 111, 112,
113 in relation to the respective test signal 108, and/or determine a distortion level of the received responses 109, 110,
111, 112, 113 in relation to the respective test signal 108.
[0072] The control unit 107 may then calculate a metric value based on the determined frequency shift and/or the
determined change of the amplitude and/or the determined distortion level. Finally, the control unit 107 may determine
the room obstacle level value based on the metric value, wherein a threshold value regarding the metric value is provided
for every value of the room obstacle level value. The control unit 107 is especially configured to use the maximum metric
value as determined for any one of the received responses 109, 110, 111, 112, 113 as the metric value for determining
the room obstacle level value, or to use the minimum metric value as determined for any one of the received responses
109, 110, 111, 112, 113 as the metric value for determining the room obstacle level value, or to use an average metric
value that is calculated as the average of all metric values for all received responses 109, 110, 111, 112, 113 as the
metric value for determining the room obstacle level value.
[0073] Fig. 4 shows a block diagram of another audio reproduction system 200. The audio reproduction system 200
is shown as an abstract block diagram that shows the basic building blocks of a possible embodiment.
[0074] A test signal 208 is provided together with the responses 209 - 213 to a processing unit 215. Based on the test
signal 208 and the responses 209 - 213, that are recorded by the speaker devices, the processing unit 215 calculates
a metric value 217. The metric value 217 may e.g. be calculated based on a frequency shift of the received responses
109, 110, 111, 112, 113 in relation to the respective test signal 108, and/or a change of the amplitude, especially the
peak amplitude and/or the average amplitude, of the received responses 109, 110, 111, 112, 113 in relation to the
respective test signal 108, and/or a distortion level of the received responses 109, 110, 111, 112, 113 in relation to the
respective test signal 108.
[0075] The determined metric value 217 is then provided to comparator 216 that determines a calibration parameter
214, for example a room obstacle level value. This calibration parameter 214 may then be used by a digital signal
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processing stage of the audio reproduction system 200 to adapt the sounds emitted by the single speaker devices
[0076] Although specific embodiments have been illustrated and described herein, it will be appreciated by those of
ordinary skill in the art that a variety of alternate and/or equivalent implementations exist. It should be appreciated that
the exemplary embodiment or exemplary embodiments are only examples, and are not intended to limit the scope,
applicability, or configuration in any way. Rather, the foregoing summary and detailed description will provide those
skilled in the art with a convenient road map for implementing at least one exemplary embodiment, it being understood
that various changes may be made in the function and arrangement of elements described in an exemplary embodiment
without departing from the scope as set forth in the appended claims and their legal equivalents. Generally, this application
is intended to cover any adaptations or variations of the specific embodiments discussed herein.
[0077] Thus, the present invention provides a method for calibrating an audio reproduction system 100 with a number
of linearly arranged speaker devices 101, 102, 103, 104, 105, 106 for reproducing surround sound signals, the method
comprising emitting S1 test signals 108, each test signal 108 being emitted via a single one of the speaker devices 101,
102, 103, 104, 105, 106, receiving S2 responses 109, 110, 111, 112, 113 to the test signals 108 via the remaining
speaker devices 101, 102, 103, 104, 105, 106 that are not used for emitting the respective test signal 108, and determining
S3 calibration parameters 114 for the audio reproduction system 100 based on the received responses 109, 110, 111,
112, 113. Further, the present invention provides a respective audio reproduction system 100.

List of reference signs

[0078]

100 audio reproduction system
101, 102, 103, 104, 105, 106 speaker device
107, 207 control unit
108,208 test signal
109,110,111,112,113 response
209, 210, 211, 212, 213 response
114, 214 calibration parameter

215 processing unit
216 comparator
217 metric value

S1, S2, S3, S11, S12, S13 method step
S31, S32, S33, S34 method step

Claims

1. Method for calibrating an audio reproduction system (100, 200) with a number of linearly arranged speaker devices
(101, 102, 103, 104, 105, 106) for reproducing surround sound signals, the method comprising:

emitting (S1, S11) test signals (108, 208), each test signal (108, 208) being emitted via a single one of the
speaker devices (101, 102, 103, 104, 105, 106),
receiving (S2, S12) responses (109, 110, 111, 112, 113, 209, 210, 211, 212, 213) to the test signals (108, 208)
via the remaining speaker devices (101, 102, 103, 104, 105, 106) that are not used for emitting the respective
test signal (108, 208), and
determining (S3, S13) calibration parameters (114, 214) for the audio reproduction system (100, 200) based
on the received responses (109, 110, 111, 112, 113, 209, 210, 211, 212, 213).

2. Method according to claim 1, wherein the determined calibration parameters (114, 214) comprise a room obstacle
level value, especially with a value between 0 and 5, especially between 0 and 4 or between 0 and 3, that indicates
the level of filling of surroundings of the audio reproduction system (100, 200) with obstacles.

3. Method according to any one of the preceding claims, wherein the test signals (108, 208) are emitted consecutively
or wherein at least two of the test signals (108, 208) are emitted concurrently.

4. Method according to any one of the preceding claims, wherein the test signals (108, 208) each comprise a prede-
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termined frequency in the audible signal range or in the ultrasonic signal range.

5. Method according to any one of the preceding claims, comprising determining (S31) a frequency shift of the received
responses (109, 110, 111, 112, 113, 209, 210, 211, 212, 213) in relation to the respective test signal (108, 208), and/or
comprising determining (S32) a change of the amplitude, especially the peak amplitude and/or the average amplitude,
of the received responses (109, 110, 111, 112, 113, 209, 210, 211, 212, 213) in relation to the respective test signal
(108, 208), and/or
comprising determining (S33) a distortion level of the received responses (109, 110, 111, 112, 113, 209, 210, 211,
212, 213) in relation to the respective test signal (108, 208).

6. Method according to claim 5, comprising calculating (S34) a metric value (217) based on the determined frequency
shift and/or the determined change of the amplitude and/or the determined distortion level.

7. Method according to claims 2 and 6, wherein the room obstacle level value is determined based on the metric value
(217), wherein a threshold value regarding the metric value (217) is provided for every value of the room obstacle
level value.

8. Method according to any one of the preceding claims 6 and 7, wherein as the metric value (217) for determining
the room obstacle level value the maximum metric value (217) is used as determined for any one of the received
responses (109, 110, 111, 112, 113, 209, 210, 211, 212, 213); or
wherein as the metric value (217) for determining the room obstacle level value the minimum metric value (217) is
used as determined for any one of the received responses (109, 110, 111, 112, 113, 209, 210, 211, 212, 213); or
wherein as the metric value (217) for determining the room obstacle level value an average metric value (217) is
used that is calculated as the average of all metric values (217) for all received responses (109, 110, 111, 112, 113,
209, 210, 211, 212, 213).

9. Audio reproduction system (100, 200) for reproducing surround sound signals, the audio reproduction system (100,
200) comprising:

a number of linearly arranged speaker devices (101, 102, 103, 104, 105, 106), and
a control unit (107) coupled to the speaker devices (101, 102, 103, 104, 105, 106) and configured to emit test
signals (108, 208), each test signal (108, 208) being emitted via a single one of the speaker devices (101, 102,
103, 104, 105, 106), receive responses (109, 110, 111, 112, 113, 209, 210, 211, 212, 213) to the test signals
(108, 208) via the remaining speaker devices (101, 102, 103, 104, 105, 106) that are not used for emitting the
respective test signal (108, 208), and determine calibration parameters (114, 214) for the audio reproduction
system (100, 200) based on the received responses (109, 110, 111, 112, 113, 209, 210, 211, 212, 213).

10. Audio reproduction system (100, 200) according to claim 9, wherein the control unit (107) is configured to determine
the calibration parameters (114, 214) as a room obstacle level value, especially with a value between 0 and 5,
especially between 0 and 4 or between 0 and 3, that indicates the level of filling of surroundings of the audio
reproduction system (100, 200) with obstacles.

11. Audio reproduction system (100, 200) according to any one of the preceding claims 9 to 10, wherein the control unit
(107) is configured to emit the test signals (108, 208) consecutively or to emit at least two of the test signals (108,
208) concurrently.

12. Audio reproduction system (100, 200) according to any one of the preceding claims 9 to 11, wherein the control unit
(107) is configured to provide the test signals (108, 208) each with a predetermined frequency in the audible signal
range or in the ultrasonic signal range.

13. Audio reproduction system (100, 200) according to any one of the preceding claims 9 to 12, wherein the control unit
(107) is configured to determine a frequency shift of the received responses (109, 110, 111, 112, 113, 209, 210,
211, 212, 213) in relation to the respective test signal (108, 208), and/or
to determine a change of the amplitude, especially the peak amplitude and/or the average amplitude, of the received
responses (109, 110, 111, 112, 113, 209, 210, 211, 212, 213) in relation to the respective test signal (108, 208), and/or
to determine a distortion level of the received responses (109, 110, 111, 112, 113, 209, 210, 211, 212, 213) in
relation to the respective test signal (108, 208).
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14. Audio reproduction system (100, 200) according to claim 13, wherein the control unit (107) is configured to calculate
a metric value (217) based on the determined frequency shift and/or the determined change of the amplitude and/or
the determined distortion level.

15. Audio reproduction system (100, 200) according to claims 10 and 14, wherein the control unit (107) is configured
to determine the room obstacle level value based on the metric value (217), wherein a threshold value regarding
the metric value (217) is provided for every value of the room obstacle level value, wherein the control unit (107) is
especially configured to use the maximum metric value (217) as determined for any one of the received responses
(109, 110, 111, 112, 113, 209, 210, 211, 212, 213) as the metric value (217) for determining the room obstacle level
value, or to use the minimum metric value (217) as determined for any one of the received responses (109, 110,
111, 112, 113, 209, 210, 211, 212, 213) as the metric value (217) for determining the room obstacle level value, or
to use an average metric value (217) that is calculated as the average of all metric values (217) for all received
responses (109, 110, 111, 112, 113, 209, 210, 211, 212, 213) as the metric value (217) for determining the room
obstacle level value.
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