w0 2021/051377 A1 |0 0000 KO0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
25 March 2021 (25.03.2021)

(10) International Publication Number

WO 2021/051377 Al

WIPO I PCT

(51) International Patent Classification:
HO04S 7/00 (2006.01)

(21) International Application Number:
PCT/CN2019/106905

(22) International Filing Date:
20 September 2019 (20.09.2019)

(25) Filing Language: English
(26) Publication Language: English
(71) Applicant: HARMAN INTERNATIONAL IN-

DUSTRIES, INCORPORATED [US/US]; 400 Atlantic
Street, 15th Floor, Stamford, CT 06901 (US).

(72)
(71)

Inventor; and

Applicant (for BW only): ZHENG, Jianwen [CN/CN];
19F, CMP Plaza, Gongye 3rd Road, Shekou, Nanshan,
Shenzhen, Guangdong 518000 (CN).

(72) Inventor: SHIH, Shao-Fu; 1 Vista Montana, Unit 1213,

San Jose, California 95134 (US).

Agent: LIU, SHEN & ASSOCIATES; 10th Floor, Build-
ing 1, 10 Caihefang Road, Haidian District, Beijing 100080
(CN).

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, [E, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
with international search report (Art. 21(3))

(54) Title: ROOM CALIBRATION BASED ON GAUSSIAN DISTRIBUTION AND K-NEARESTNEIGHBORS ALGORITHM

measuring a plurality of impulse responses at a

plurality of measurement points [or each speaker

|~ 310

A 4

determining a plurality of transfer [unctions at the
plurality of measurement points for each speaker

L~ 320

A 4

weighting and summing the transfer functions to
obtain a weighted and summed sound curve for

each speaker

L 330

FIG.3

(57) Abstract: A method of room calibration comprises measuring a plu-
rality of impulse responses at a plurality of measurement points in a room
for each speaker of a plurality of speakers. The method also comprises
determining a plurality of transfer functions at the plurality of measure-
ment points for each speaker based on the plurality of impulse respons-
es. Furthermore, the method also comprises weighting and summing the
transfer functions to obtain a weighted and summed sound curve for each
speaket.



10

15

20

25

30

WO 2021/051377 PCT/CN2019/106905

ROOM CALIBRATION BASED ON GAUSSIAN DISTRIBUTION AND
K-NEARESTNEIGHBORS ALGORITHM

BACKGROUND

[0001] The present disclosure is related to room calibration, and more specifically,
to room calibration based on a Gaussian distribution and a k-nearest neighbors

algorithm.

[0002] Home theater system more and more moves from traditional stereo system
to multi-channel system. This type of audio system, such as 5.1/7.1 home theater,
WIFI speaker system, can create an immersive environment with realistic surround
effect. However, setting up an audio system to produce high quality sound at home is
a difficult task. When the audio system is put into a common room, the room will
often in some way degrade the sound quality. In fact, this system should be installed
in listening rooms that are professionally designed and use sound diffusers and
absorption material to improve the room acoustics. Nevertheless, for most rooms,
people find it difficult to improve their home theater in this way. Sometimes, even in
the carefully designed room with diffusers and absorption, the user may still not get
the best acoustic performance, since each speaker could be placed randomly in the
room, depending on the room environment and configuration. Thus, the listener might

feel unbalanced among each channel.

[0003] In recent years, room calibration that can balance the sound of each
channel and improve the overall room acoustic performance has attracted many
companies’ attention. Most of the room calibration methods calibrate the delay, gain
or frequency response of the speaker, but they only optimize the sound performance
within a small listening area. Besides, they might use some annoying noise as

measurement signal.
SUMMARY

[0004] According to one embodiment of the present disclosure, a method for
room calibration, comprises measuring a plurality of impulse responses at a plurality
of measurement points in a room for each speaker of a plurality of speakers. The

method also comprises determining a plurality of transfer functions at the plurality of
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measurement points for each speaker based on the plurality of impulse responses.
Furthermore, the method also comprises weighting and summing the transfer

functions to obtain a weighted and summed sound curve for each speaker.

[0005] Another embodiment of the present disclosure is a system that includes a
speaker system and a processor. The speaker system includes a plurality of speakers.
A processor is configured to measure a plurality of impulse responses at a plurality of
measurement points in a room for each speaker of the plurality of speakers. The
processor is further configured to determine a plurality of transfer functions at the
plurality of measurement points for each speaker based on the plurality of impulse
responses. Also, the processor is configured to weight and sum the transfer functions

to obtain a weighted and summed sound curve for each speaker.

[0006] Another embodiment of the present disclosure is a computer program
product. The program code is configured to measure a plurality of impulse responses
at a plurality of points in a room for each speaker of a plurality of speaker. The
program code is configured to determine a plurality of transfer functions at the
plurality of points for each speaker based on the plurality of impulse responses.
Furthermore, the program code is configured to weight and sum the transfer functions

to obtain a weighted and summed sound curve for each speaker.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Figure 1 illustrates a schematic view of a system for room calibration.
[0008] Figure 2 illustrates a schematic view of a system with multi-points
measurement.

[0009] Figure 3 is a flowchart of the method for room calibration according to one

embodiment of the present disclosure.

[0010] Figure 4 is a tlowchart of the method for room calibration according to

another embodiment of the present disclosure.

[0011] Figure 5 is a flowchart of the method for room calibration according to

another embodiment of the present disclosure.
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[0012] To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. It is
contemplated that elements disclosed in one embodiment may be beneficially utilized
on other embodiments without specific recitation. The drawings referred to here
should not be understood as being drawn to scale unless specifically noted. Also, the
drawings are often simplified and details or components omitted for clarity of
presentation and explanation. The drawings and discussion serve to explain principles

discussed below, where like designations denote like elements.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0013] Embodiments herein describe a room calibration system and a room
calibration that are based on the Gaussian distribution and k-nearest neighbors
algorithm. Instead of relying on a noise that is annoying as a measurement signal, the
room calibration system and method described herein use a predetermined signal (e.g.,
a custom sine tone) as a measurement signal, which could measure full band spectrum.
Moreover, to achieve a better approach of room calibration, instead of performing
room measurements by microphones on devices (near field measurements), the
system for room calibration herein performs room measurements by one or more

external microphone (far field measurements).

[0014] In a multi-channel speaker system, a plurality of amplifiers and speakers
are usually used to provide a listener with some simulated placement of sound sources.
The multi-channel sound can be reproduced through each speaker to the listening area
and create a realistic listening environment. When setting up the multi-channel
speaker system in a room, the user wants to have the best performance of the system
as that in the test lab. However, the room environment and the configuration are
usually different with those of the test lab. Thus, the system needs to be in-situ
reconfigured, so that the sound from all the speakers arrives at a listener’s ear with the

desired frequency response.

[0015] To do so, the system for room calibration may include a calibration system
and a speaker system comprising a plurality of speakers. The system for room
calibration may further include one or more microphones. For example, the

calibration system can be implemented as a processor or a controller. Figure 1
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illustratively shows the calibration model of the system for room calibration using for
example one external microphone. The measurement signal is input sequentially to
each speaker included in the speaker system, and then the output signal of the speaker
system may be measured by the microphone independently. The measurement signal
could be used to measure the full band frequency response of the speaker, and the
measurement signal may be for instance a custom sine tone. Instead of optimizing
only one listening spot or a very narrow listening area in most of the room calibration
methods, the system described herein creates a wide-optimized listening area by
measuring the responses of most measurement points in the room, thus achieves better

performance of room calibration.

[0016] Figure 2 shows a schematic view of a multi-point measurement
configuration in a room, which may include a plurality of speakers and a plurality of
the measuring points. The configuration of the plurality of measuring points and the

plurality of speakers here is only an example for illustration.

[0017] In one aspect, the system for room calibration measures a plurality of
impulse responses at a plurality of points in a room for each speaker of the plurality of
speakers. The system determines a plurality of transfer functions at the plurality of
points for each speaker based on the plurality of impulse responses. Moreover, the
system weights and sums the transfer functions to obtain a weighted and summed
sound curve for each speaker. Regardless of the number or the location of the
measurements points and the number or the location of the speaker, the system may
perform the room calibration in order to optimize audio performance. The system may
also run in the lab or user’s home for training the calibration mode. For example, the
measured frequency responses (namely magnitude and phase) can be stored as a
dataset. For each measured dataset, there will be a reference tuning tone based on that
particular room setup. Those data are called training data, which are used to produce
statistical models. For example, during data training, the system weights and sums
the transfer functions to obtain a weighted and summed sound curve for each speaker,

as a predict output.

[0018] Figure 3 illustrates a flowchart of a method of room calibration. To
improve understanding, the blocks of method are described in reference with the

system shown in Figures 1-2. At block 310, one or more microphones can measure a
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plurality of impulse responses at a plurality of points in a room for each speaker of a
plurality of speakers. For example, the microphone(s) can obtain the microphone
measurement /;. Assuming there are totally / speakers and J measuring points, /;
represents the impulse response between the /™ fine-tuned speaker and the microphone
at the /™ position. At block 320, the transfer function Hj;can be determined based on
the impulse response, H; represents the transfer function between the ™ fine-tuned

speaker and the microphone at the /™ position. They satisfy the following equation,
Hj=F(hy), fori=1..landj=1..] (1)
where F (*) denotes the Discrete Fourier Transformation.

[0019] Then, at block 330, the method weights and sums the transfer functions of
all points for each speaker to obtain a weighted and summed sound curve for each
speaker. For example, for the /™ fine-tuned speaker, all transfer functions between the
™ speaker and the J measurement points can be calculated by weighting and summing

based on the Gaussian distribution and k-nearest neighbors algorithm.

[0020] Figure 4 shows the method of weighting and summing process using the

Gaussian distribution in combination with the k-nearest neighbors algorithm.

[0021] As shown in Figure 4, at block 410, based on the transfer functions for
each speaker, the magnitude components and the phase components can be calculated.
For example, assuming //; is composed of a magnitude component A/; and a phase

component ¢;, which can be calculated as,
Mij = |Hij| (2)
Vi = angle(Hij) (3)

where angle(*) and |*| are the angle operator and the absolute value operator,

respectively.

[0022] Then, at block 420, Gaussian distributions of the first magnitude components

and the first phase components for each speaker can be constructed. For example, 2x/
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Gaussian distributions for the normalized M; and ¢, of the /" fine-tuned speaker may

be constructed. The Gaussian distribution is written as,

1 _(x—p)?

e 202 4)

N(xlp, 2) =

2o’

wherein u and ¢” are the expectation and the variance of the distribution, respectively.
All the measurement for the /™ fine-tuned speaker at all J measuring points are

considered in the (2i-1)™ and 2/™ distributions.

[0023] At block 430, for each Gaussian distribution, a k-nearest neighbors algorithm
is performed to compute weights for the distributions of the magnitude components
and the phase components for each speaker. Then, at block 440, the magnitude
components and the phase components for each speaker are weighted and summed to

obtain the weighted and summed sound curve (output) for each speaker.

[0024] For example, the k-nearest neighbors algorithm (k-NN) for each distribution
may be conducted so as to figure out the weight based on the distance to a cluster
center. Then, a weighted sum for the k-NN cluster may be performed to generate M

and ¢/ for the in-situ measurement of the /™ speaker.

[0025] For example, the distance of the jth measurement to the cluster center can be

written as,
dy, () = Nifz’fV;Ifo,j) — i (f D] do, () = Nifz’};hpi(f,j) ~ o, (F D] (5

where d,; and dg; are the distances to the cluster center of the M; and ¢, distributions,
respectively. Ny"nd f denote the number and index of e frequency bin, respectively.

The uuq and u, are the expectations of the M; and ¢; distributions, respectively.

[0026] Hence, we will define a function F(+) mapping the distance to a weight that

can generate the reasonable M;* and ¢,*. One example is given as follows,

N\ V() N = YD
F (dMl(J)) N Z§=11/dMi(j) ¥ (d(pl(J)) - 2§=11/d‘»"i(j) ©
ME = 5o MG (d (D) . 0F = E] 0 (F (dg () @)
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[0027] When the in-situ measurement is performed, the similar procedure from Eq. (1)
to Eq. (7) will be performed, but just replacing the uy; and u, by the MF and ¢ in

order to obtain the final weighted and summed sound curve, A" and ¢,".

[0028] Figure 5 shows another aspect of the method. As shown in Figure 5, at block
510, based on the transfer functions for each speaker, the magnitude components and
the phase components may be calculated. Then, at block 520, Gaussian distributions
of the magnitude components and the phase components for each speaker may be

constructed.

[0029] As described above in reference with Figures 3-4, with a combination of
multiple acoustic measurements in the room using calibrated microphones, a spectral
weighting can be performed so as to better refine the room measurement. However, in
practice,a measurement in a room includes, but not limits to, room modes, deflections
and reflections, which would significantly fluctuate the measurement result. To avoid
extreme cases from deviating the measurement results, statistical weighting on the
measured frequency responses is used by the room calibration system described
herein. Then, as shown in Figure 5, at block 530, the method compares each
distribution of the first magnitude components and the first phase components with a
threshold which could be predefined, and excludes the distribution of which the
magnitude components and the phase components are greater than the threshold. For
example, the threshold of the distributions is set as T, for instance T = 36°. When
some measurements of the A, or ¢; are greater than T in the (2i-1)™ or 2™ distribution,
these measurements out of the threshold of distribution are excluded because these
abnormal measurements are assumed to be caused by the measurement error or the

room modes.

[0030] Then, at block 540, for each Gaussian distribution, a k-nearest neighbors
algorithm is performed to obtain weights of the magnitude components and the phase
components for each speaker based on the cluster distance. At block 550, performing
weighted sum for the magnitude components and the phase components for each
speaker to obtain the weighted and summed magnitude components and phase
components for each speaker. The processes of blocks 540-550 may refer to the same

equalizations described in reference to Figure 4, thus the details are omitted here.
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[0031] According to another aspect, the correction curves for each speaker may be
obtained by performing a pseudo-inverse on the weighted sound curve of each
speaker. Then, the correction curves may be applied to the speakers included in the
speaker system. The calibration process generates the correction curves to each
speaker of the speaker system, which will playback the input signal with both the

magnitude and phase adjustment.

[0032] The descriptions of the various embodiments have been presented for
purposes of illustration, but are not intended to be exhaustive or limited to the
embodiments disclosed. Many modifications and variations will be apparent to those
of ordinary skill in the art without departing from the scope and spirit of the described
embodiments. The terminology used herein was chosen to best explain the principles
of the embodiments, the practical application or technical improvement over
technologies found in the marketplace, or to enable others of ordinary skill in the art

to understand the embodiments disclosed herein.

[0033] In the preceding, reference is made to embodiments presented in this
disclosure. However, the scope of the present disclosure is not limited to specific
described embodiments. Instead, any combination of the preceding features and
elements, whether related to different embodiments or not, is contemplated to
implement and practice contemplated embodiments.  Furthermore, although
embodiments disclosed herein may achieve advantages over other possible solutions
or over the prior art, whether or not a particular advantage is achieved by a given
embodiment is not limiting of the scope of the present disclosure. Thus, the preceding
aspects, features, embodiments and advantages are merely illustrative and are not
considered elements or limitations of the appended claims except where explicitly

recited in a claim(s).

[0034] Aspects of the present disclosure may take the form of an entirely
hardware embodiment, an entirely software embodiment (including firmware, resident
software, micro-code, etc.) or an embodiment combining software and hardware

2

aspects that may all generally be referred to herein as a “circuit,” “module” or

“system.”
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[0035] The present disclosure may be a system, a method, and/or a computer
program product. The computer program product may includea computer
readable storage medium (or media) having computer readable program instructions

thereon for causing a processor to carry out aspects of the present disclosure.

[0036] The computer readable storage medium can be a tangible device that can
retain and store instructions for use by an instruction execution device. The computer
readable storage medium may be, for example, but is not limited to, an electronic
storage device, a magnetic storage device, an optical storage device, an
electromagnetic storage device, a semiconductor storage device, or any suitable
combination of the foregoing. A non-exhaustive list of more specific examples of the
computer readable storage medium includes the following: a portable computer
diskette, a hard disk, a random access memory (RAM), a read-only memory (ROM),
an erasable programmable read-only memory (EPROM or Flash memory), a static
random access memory (SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a floppy disk, a mechanically
encoded device such as punch-cards or raised structures in a groove having
instructions recorded thereon, and any suitable combination of the foregoing. A
computer readable storage medium, as used herein, is not to be construed as being
transitory signals per se, such as radio waves or other freely propagating
electromagnetic waves, electromagnetic waves propagating through a waveguide or
other transmission media (e.g., light pulses passing through a fiber-optic cable), or

electrical signals transmitted through a wire.

[0037] Computer readable program instructions described herein can be
downloaded to respective computing/processing devices from a computer readable
storage medium or to an external computer or external storage device via a network,
for example, the Internet, a local area network, a wide area network and/or a wireless
network. The network may comprise copper transmission cables, optical transmission
fibers, wireless transmission, routers, firewalls, switches, gateway computers and/or
edge servers. A network adapter card or network interface in each
computing/processing device receives computer readable program instructions from
the network and forwards the computer readable program instructions for storage in a

computer readable storage medium within the respective computing/processing device.
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[0038] Computer readable program instructions for carrying out operations of the
present disclosure may be assembler instructions, instruction-set-architecture (ISA)
instructions, machine instructions, machine dependent instructions, microcode,
firmware instructions, state-setting data, or either source code or object code written
in any combination of one or more programming languages, including an object
oriented programming language such as Smalltalk, C++ or the like, and conventional
procedural programming languages, such as the "C" programming language or similar
programming languages. The computer readable program instructions may execute
entirely on the user's computer, partly on the user's computer, as a stand-alone
software package, partly on the user's computer and partly on a remote computer or
entirely on the remote computer or server. In the latter scenario, the remote computer
may be connected to the user's computer through any type of network, including a
local area network (LAN) or a wide area network (WAN), or the connection may be
made to an external computer (for example, through the Internet using an Internet
Service Provider). In some embodiments, electronic circuitry including, for example,
programmable logic circuitry, field-programmable gate arrays (FPGA), or
programmable logic arrays (PLA) may execute the computer readable program
instructions by utilizing state information of the computer readable program
instructions to personalize the electronic circuitry, in order to perform aspects of the

present disclosure.

[0039] Aspects of the present disclosure are described herein with reference to
flowchart illustrations and/or block diagrams of methods, apparatus (systems), and
computer program products according to embodiments of the disclosure. It will be
understood that each block of the flowchart illustrations and/or block diagrams, and
combinations of blocks in the flowchart illustrations and/or block diagrams, can be

implemented by computer readable program instructions.

[0040] These computer readable program instructions may be provided to a
processor of a general purpose computer, special purpose computer, or other
programmable data processing apparatus to produce a machine, such that the
instructions, which execute via the processor of the computer or other programmable
data processing apparatus, create means for implementing the functions/acts specified

in the flowchart and/or block diagram block or blocks. These

10
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computer readable program instructions may also be stored in a computer readable
storage medium that can direct a computer, a programmable data processing apparatus,
and/or other devices to function in a particular manner, such that the computer
readable storage medium having instructions stored therein comprises an article of
manufacture including instructions which implement aspects of the function/act

specified in the flowchart and/or block diagram block or blocks.

[0041] The computer readable program instructions may also be loaded onto a
computer, other programmable data processing apparatus, or other device to cause a
series of operational steps to be performed on the computer, other programmable
apparatus or other device to produce a computer implemented process, such that the
instructions which execute on the computer, other programmable apparatus, or other
device implement the functions/acts specified in the flowchart and/or block diagram

block or blocks.

[0042] The flowchart and block diagrams in the Figures illustrate the architecture,
functionality, and operation of possible implementations of systems, methods, and
computer program products according to various embodiments of the present
disclosure. In this regard, each block in the flowchart or block diagrams may represent
a module, segment, or portion of instructions, which comprises one or more
executable instructions for implementing the specified logical function(s). In some
alternative implementations, the functions noted in the block may occur out of the
order noted in the figures. For example, two blocks shown in succession may, in fact,
be executed substantially concurrently, or the blocks may sometimes be executed in
the reverse order, depending upon the functionality involved. It will also be noted that
each block of the block diagrams and/or flowchart illustration, and combinations of
blocks in the block diagrams and/or flowchart illustration, can be implemented by
special purpose hardware-based systems that perform the specified functions or acts

or carry out combinations of special purpose hardware and computer instructions.

[0043] While the foregoing is directed to embodiments of the present disclosure,
other and further embodiments of the disclosure may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims that

follow.

11
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CLAIMS
What is claimed is:

1. A method for room calibration, comprising:

measuring a plurality of impulse responses at a plurality of measurement
points in a room for each speaker of a plurality of speakers,

determining a plurality of transfer functions at the plurality of measurement
points for each speaker based on the plurality of impulse responses; and

weighting and summing the transfer functions to obtain a weighted and

summed sound curve for each speaker.

2. The method of claim 1, wherein the weighting and summing further comprises:

obtaining magnitude components and phase components of the transfer
functions for each speaker;

constructing Gaussian distributions with the magnitude components and the
phase components for each speaker; and

generating weights for the distributions of the magnitude components and the
phase components for each speaker based on each cluster distance;

weighting and summing the magnitude components and the phase components
for each speaker based on the weights, to obtain the weighted and summed sound

curve for each speaker.

3. The method of claim 2, further comprises:
comparing each distribution of the magnitude components and the phase
components with a threshold; and

excluding the distribution which is greater than the threshold.
4. The method of one of claims 1-3, wherein the method further comprises:
performing a pseudo-inverse operation on the weighted and summed sound

curve of each speaker to generate a correction curve for each speaker.

5. The method of claim 4, wherein the method further comprises:

applying the correction curve to each speaker.

12
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6. The method of claim 2, wherein the weights are obtained by performing a k-

nearest neighbors algorithm for each distribution.

7. The method of claim 2, wherein each cluster distance is mapped to a weight

with a defined function.

8. The method of claim 1, wherein the measuring a plurality of impulse
responses for each speaker comprising:
measuring a plurality of impulse responses for each speaker based on a

measurement signal.

9. The method of claim 1, wherein the plurality of impulse responses for each

speaker of a plurality of speakers are measured by one or more external microphones.

10. A system for room calibration, comprising:
a speaker system including a plurality of speakers; and
a processor configured to:
measure a plurality of impulse responses at a plurality of measurement
points in a room for each speaker of the plurality of speakers,
determine a plurality of transfer functions at the plurality of measurement
points for each speaker based on the plurality of impulse responses; and
weight and sum the transfer functions to obtain a weighted and summed

sound curve for each speaker.

11. The system of claim 10, wherein the processor further configured to:

obtain magnitude components and phase components of the transfer functions
for each speaker;

construct Gaussian distributions with the magnitude components and the phase
components for each speaker; and

generate weights for the distributions of the magnitude components and the

phase components for each speaker based on each cluster distance;

13



10

15

20

25

30

WO 2021/051377 PCT/CN2019/106905

weight and sum the magnitude components and the phase components for each
speaker, based on the weights, to obtain the weighted and summed sound curve for

each speaker.

12. The system of claim 11, wherein the processor further configured to:
compare each distribution of the magnitude components and the phase
components with a threshold; and

exclude the distribution which is greater than the threshold.

13.  The system of any one of claims 10-12, wherein the processor further
configured to:
perform a pseudo-inverse on the weighted and summed sound curve of each

speaker to generate a correction curve for each speaker.

14.  The system of claim 13, wherein the processor is further configured to apply

the correction curve to each speaker.

15.  The system of claim 11, wherein the weights are obtained by performing a k-

nearest neighbors algorithm for each distribution.

16. The system of claim 11, wherein each cluster distance is mapped to a weight

with a defined function.

17. The system of claim 10, wherein the processor is configured to measure the

plurality of impulse responses for each speaker based on a measurement signal.

18. The system of claim 10, wherein the plurality of impulse responses for each

speaker of a plurality of speakers are measured by one or more external microphones.

19. A computer program product including computer-readable program code

executable for performing the method according to one of claims 1-9.

14
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