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(67)  An audio device (1) adapted to be placed in a
room (4), the device comprising an input unit (2) adapted
to receive at least one of the dimension (3) of the room
(4), a processing unit (5) adapted to process the dimen-
sion (3) and generate a dominant frequency (6) for the

AUDIO DEVICE AND METHOD FOR GENERATING A FLAT ACOUSTIC RESPONSE

room (4), and a parametric equalizer (7) adapted to re-
ceive the dominant frequency (6) and to process the dom-
inant frequency (6) using a negative gain (8) and gener-
ating a flat acoustic response (9) for the dominant fre-

quency (6) for the room (4).
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Description

[0001] This invention refers to an audio device adapted to be placed in a room according to claim 1, a method for
generating a flat acoustic response from the audio device for a dominant frequency of the room according to claim 11,
and a computer program product according to claim 12.

Background of the Invention

[0002] An audio system when placed in a room generally produces standing waves due to reflection of sound waves
by the walls of the room, and further produces resonance due to superimposition of the reflected waves and originating
waves of the same frequency. These standing waves are produced at specific frequencies only, which are called dominant
frequencies. At dominant frequencies, a distortion is produced in acoustic response due to which a dip or a peak in
acoustic response is felt. One way to deal with such dominant frequency is to change room dimensions to deal with
particular frequencies, however room dimension cannot be changes to counted the dominant frequencies, which can
keep on changing throughout an audio programme running on the audio system.

[0003] US Patent Application No. 10/465,644 discloses a system and a method for correcting, simultaneously at
multiple-listener positions, distortions introduced by the acoustical characteristics includes intelligently weighing the room
acoustical responses to form a room acoustical correction filter.

[0004] US Patent No. US 7,529,377 discloses a loudspeaker, such as a subwoofer, is provided which automatically
calibrates itself when placed in aroom to optimize an output signal of the loudspeaker for the room in which the loudspeaker
is placed.

[0005] Japanese Patent Publication No. JP2007251484 discloses a sound field correction apparatus and method
capable of calculating a correction value for generating a proper sound field at a listening position by avoiding expense
in time and labor of output of a test sound from speakers and measurement of a test sound by a microphone at the
listening position. A manufacturer or a user select a model 1 or 2 for an audio system. The presence/absence and a
size of each speaker are cross-referenced with the model. The user sets a size of a room wherein the audio system is
located, and establishes the listening position. A delay time of an audio signal of each channel is calculated on the bass
of the model, the size of the room and the listening position. In this prior art, the user has to choose one of 3 different
room size options (small, medium, large), which means that there is a serious acoustic estimation here.

Object of the Invention

[0006] Itis therefore the object of the presentinvention is to overcome room modes by providing a flat acoustic response
from an audio device at dominant frequecy of a room.

Description of the Invention

[0007] The before mentioned object is solved by an audio device adapted to be placed in a room according to claim
1, a method for generating a flat acoustic response from an audio device for a dominant frequency for the room according
to claim 11, and a computer program product according to claim 12.

[0008] An audio device adapted to be placed in a room, the device comprising an input unit adapted to receive at least
one of the dimension of the room, a processing unit adapted to process the dimension and generate a dominant frequency
for the room, and a parametric equalizer adapted to receive the dominant frequency and to process the dominant
frequency using a negative gain and generating a flat acoustic response for the dominant frequency for the room.
[0009] This provides for a mechanism for identifying dominant frequencies for the room which are producing resonance
in the room and producing accoustic distortion due to a dip or a peak in acoustic response of the room. The parametric
equalizer counters this dominant frequency, so that flat acoustic response can be received.

[0010] Further preferred embodiments are subject-matter of dependent claims and/or of the following specification
parts.

[0011] According to a preferred embodiment of the device, the device comprises a graphical user interface adapted
to show options to provide the dimension of the room, and to further show the dimensions received from the input unit.
[0012] This embodiment is beneficial as it provides for a visual display to an user of the device for rightly identifying
which dimension options are being filled, and what all dimension inputs are provided by him.

[0013] According to a further preferred embodiment of the device, the input unit is adapted to be remotely connected
to the device and to be in communication coupling to the device.

[0014] This embodiment is helpful, as it provides for an user friendly and convinient option for remotely providing
dimensions as input to the device.

[0015] According to a further preferred embodiment of the device, the device is a part of a video display system
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[0016] This embodiment is beneficial, as it provides an application for the device where video is being displayed.
Video, generally have sound, and the sounds makes an user to comprehend the video properly. Hence, utility of the
audio device for video display helps in providing for flat acoustic response while viewing and hearing contents of a video,
and thus helps an user to properly comprehend the video.

[0017] According to another embodiment of the device, the audio device is having a stereo sound system.

[0018] This embodiment is beneficial, as it provides for the device, which works for at least two audio channels.
[0019] According to a further preferred embodiment of the device, the room is a rectangular room, and the dimension
to be provided using the input unit are at least one of the length, breath, or height of the room.

[0020] This embodiment is beneficial, as it provides for receiving relevant dimension details for a rectangular room.
Rectangular rooms are generally standard rooms, which are usually found in houses and apartments, and making the
audio device ready for rectangular rooms provides for efficient solution for room modes in audio devices.

[0021] According to a further embodiment of the device, the processing unit is adapted to generate the dominant
frequency based on at least one of an axial room mode, a tangential room mode, or an oblique room mode, or combination
thereof.

[0022] This embodiment is beneficial, as it helps to provide solution for various types of room modes individually or
in composite.

[0023] According to another embodiment of the device, the processing unit is adapted to generate the dominant
frequency based on an order of at least one of the room modes.

[0024] This embodiment is beneficial, as it provides for generating various harmonics for the dominant frequency
which shall also affect the acoustic response of the room.

[0025] According to a further embodiment of the device, the processing unit is adapted to generate a frequency
response curve based on dominant frequencies for the room.

[0026] This embodiment is beneficial, as it provides for the audio device to be available and aware of various dominant
frequencies, which can affect the acoustic response behavior of the audio device. This frequency curve can further help
in countering the complete set of dominant frequencies.

[0027] According to a further preferred embodiment of the device, wherein the parametric equalizer is adapted to
process the dominant frequencies, which are in range of 20 Hz to 500 Hz.

[0028] This embodiment is beneficial, as it optimizes the device for specifically countering bass effect produced due
to the room dimensions.

[0029] The before mentioned object is also solved by a method of claim 11. The method for generating a flat acoustic
response from an audio device for a dominant frequency of a room comprising steps of:

displaying options to provide at least one of dimension of the room onto a graphical user interface;
- receiving at least one of the dimensions of the room using an input unit;
- processing the dimension of the room by a processing unit and generating a dominant frequency for the room;

- receivingthe dominantfrequency, processing the dominant frequency using a negative gain by a parametric equalizer
and generating a flat acoustic response for the dominant frequency for the room.

[0030] The before mentioned object is also solved by a computer program poduct of claim 12. The computer program
product stored on a computer readable medium within an audio device and adapted to be executed on one or more
processors, wherein the computer readable medium and the one or more processors are adapted to be coupled to a
communication network interface, the computer program product on execution to enable the one or more processors to
perform following steps comprising:

displaying options to provide at least one of dimension of the room onto a graphical user interface;

receiving at least one of the dimensions of the room using an input unit;

processing the dimension of the room and generating a dominant frequency for the room;

receiving the dominant frequency, processing the dominant frequency using a negative gain and generating a flat
acoustic response for the dominant frequency for the room.

[0031] Further benefits, goals and features of the present invention will be described by the following specification of
the attached figures, in which components of the invention are exemplarily illustrated. Components of the devices and
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method according to the inventions, which match at least essentially with respect to their function, can be marked with
the same reference sign, wherein such components do not have to be marked or described in all figures.
[0032] The invention is just exemplarily described with respect to the attached figure in the following.

Brief Description of the Drawings

[0033]
Fig. 1 illustrates a schematic diagram of the audio device according to one embodiment of the invention.
Fig. 2 illustrates a graphical user interface of the audio device.

Detailed Description of the Drawings

[0034] Current invention focuses on providing flat acoustic response with respect to a room in which an audio device
is placed. Certain sound waves with particular frequencies produces standing waves due to reflection of the sound waves
from the walls of the room and thereafter superimposition of the reflected waves onto the emitted sound waves from the
audio device. This superimposition results in producing of standing waves due to resonance. These specific frequencies
are also known as dominant frequencies or room modes. These dominant frequencies generate distortion in the waves
and creates dip or peaks in the sound waves. For a proper audible sound, these dominant frequencies are required to
be compensated for producing a flat acoustic response to overcome distortion in the sound waves.

[0035] Fig. 1 shows a schematic diagram of the audio device according to one embodiment of the invention. The audio
device 1 is shown which can be kept in a room for being used by an user for hearing a program running on the audio
device 1 such as for example music.

[0036] The audio device 1 includes an input unit 2, a processing unit 5, a graphical user interface 10, and a parametric
equalizer 7 to generate a flat acoustic response for a dominant frequency 6 of a room.

[0037] Theinputunit2isany kind ofinput device like keyboard, mouse, joystick, touchscreen, etc. which has availability
to enable user for entering at least one of the dimension 3 of the room 4. For a rectangular room, the dimensions to be
entered are length, height and breadth of the room. For non-standard room, like oval, L-shaped room, etc., different
dimensions have to be entered to get a sense of complete geometric shape of the room. This input unit 2 can also be
part of a remote control for remotely entering the dimensions 3 of the room. The remote control can be handled using
infrared technology, Bluetooth technology, other Computer related network technologies, like LAN, WAN, etc.

[0038] The dimensions 3 received from the user, are further provided to the processing unit 5. The processing unit 5
processes the dimension 3 and generates a dominant frequency 6 for the room. The processing unit 5 also generates
a frequency response curve 12 based on dominant frequencies 6 for the room 4. The frequency response curve 12
determines how the audio device 1 performs at various dominant frequencies 6 of sound waves. In alternate embodiment,
the processing unit 5 need not generate a frequency response curve, rather a particular dominant frequency 6 is of
concern, and is only identified or generated by the processing unit 5.

[0039] Room modes are caused by sound reflecting off of various room surfaces. Generally, there are three types of
modes in a room, i.e., axial mode, tangential mode, and oblique mode. Modal activity occurs at dominant frequencies
6. These dominant frequencies 6 are directly related to the dimensions of the room. Axial room modes are the strongest
and many times, the only ones that are considered. Tangential room mode and oblique room mode have less impact
per mode but are also more prevalent. And a combination of tangential mode and oblique mode can cause just as many
issues as axial mode alone. Room modes can cause both peaks and nulls (dips) in frequency response. When two or
more waves meet and are in phase with each other at a specific frequency, a peak in acoustic response is experienced.
When they meet and are out of phase with each other, they cancel and a dip or nullin the acoustic response is experienced.
[0040] The processing unit 5 generates the dominant frequency 6 based on at least one of the axial room mode, the
tangential room mode, or the oblique room mode, or combination thereof.

[0041] The processing unit 5 is generates the dominant frequency 6 based on an order of at least one of the room
modes. The order of room modes helps to determine harmonics of the dominant frequencies.

[0042] Oneway togenerate the dominantfrequencies 6 by the processing unit 5 shall be based on the following formula:

C N, n, n,
f=ar TP+ + ()

e f=Frequency of the mode in Hz
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e ¢ = Speed of sound 343 m/s at 20 °C (68 °F)
* nx, ny, nz = Order of the mode of the room length
e L, W, H = Length, width, and height of the room in meters

[0043] The parametric equalizer 7 receives the dominant frequency 6 and processes the dominant frequency 6 using
anegative gain 8. On processing the dominant frequency 6, the parametric equalizer 7 generates aflat acoustic response
9 for the dominant frequency 6 for the room 4.

[0044] In one embodiment, the parametric equalizer 7 processes the dominant frequencies 6 which are in range of
20 Hz to 500 Hz. This shall help to handle bass effect of the audio device 1. However, the parametric equalizer 7 can
work for different frequency range too.

[0045] The audio device also includes the graphical user interface 10 onto which the option 11 for entering dimensions
3 of the room are shown. Once the options 11 appear, the user uses the input unit 2 to enter the dimensions 3 of the
room for the provided options 11.

[0046] The graphical user interface 10 is illustrated in Fig 2. One representation of the graphical user interface 10 is
shown, where on left hand side a graphical representation of geometrics of the room 4 is shown, and on the right-hand
side, there are three text boxes 11 shown, which are the options 11, for entering Length, Height and Width of the room
4, where the user shall be entering these dimensions 3 of the room 4. In case, where the room is a non-standard room,
which is not rectangular, the option 11 are appropriately shown for collecting relevant geometric dimensions 3 of the
room 4. The text box 11 shall accept only numerals, with or without decimals. However, in one embodiment, the option
can be provided for the user to provide the dimensions 3 in alphanumeric form too. In one embodiment, the box 11 can
be a drop-down box, where the user can select the dimensions 3 by selecting an element from the drop-down list. In
one embodiment, the selection for the dimensions 3 can be done by clicking various radio buttons provided as options 11.
[0047] Inone embodiment, the graphical user interface 10 is not provided, rather the user can be prompted for providing
dimensions in any other way, like by prompting option 11 through audio to enter each of the dimension 3.

[0048] The configuration of the room can be a one-time affair, and need not be processed every-time when the audio
box is switched on. However, when the audio device 1 is switched on after delivering from the factory, the configuration
of the room 4 can be shown as part of the installation procedure. In case, if the room 4 is changed, the user of the audio
device 1 can use the input unit 2 provided to again enter the dimensions 3 of the room 4 to reconfigure the room 4 for
the audio device 1. This reconfiguration can automatically be prompted when the audio device 1 detects a change of
the room 4. The detection of room change can be understood by use of any location based technologies, or wave
reflection technologies like ultrasonic, infrared etc. In one embodiment, the audio device 1 can periodically prompt the
user for his interest for reconfigure the room dimensions 3.

[0049] In one embodiment, the technique of the invention can be implemented by a computer program product, which
can be stored on a computer readable medium of the audio device. The computer program product when executed on
one or more processors, it enables the processor to display options for providing at least one of dimension of the room
onto a graphical user interface, receiving at least one of the dimensions of the room using an input unit, processing the
dimension of the room and generating a dominant frequency for the room, and receiving the dominant frequency,
processing the dominant frequency using a negative gain and generating a flat acoustic response for the dominant
frequency for the room.

[0050] Thus, the present invention provides an efficient mechanism for providing a flat acoustic response for room
modes while using an audio device. The parametric equalizer effectively deals with the dominant frequencies once
identified by appropriately compensating the dips or peaks of the frequency by applying appropriate negative gain. The
audio device 1 adapted to be placed in a room 4, the device 1 comprises an input unit 2 adapted to receive at least one
of the dimension 3 of the room 4, a processing unit 5 adapted to process the dimension 3 and generate a dominant
frequency 6 for the room 4, and a parametric equalizer 7 adapted to receive the dominant frequency 6 and to process
the dominant frequency 6 using a negative gain 8 and generating a flat acoustic response 9 for the dominant frequency
6 for the room 4.

[0051] The audio device 1 has applications in television or any other video display having audio output. Also, the audio
device works well for stereoscopic sound system or device with one or two audio channels, as well as for multi-audio
channels.

List of reference numbers

[0052]
1 audio device
2 input unit

3 dimension of the room
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4 room

5 processing unit

6 dominant frequency

7 parametric equalizer

8 negative gain

9 flat acoustic response

10  graphical user interface

11  options to provide the dimension of the room

12 frequency response curve

Claims

1. An audio device (1) adapted to be placed in a room (4), the device comprising:

- an input unit (2) adapted to receive at least one of the dimension (3) of the room (4);

- a processing unit (5) adapted to process the dimension (3) and generate a dominant frequency (6) for the
room (4);

- aparametric equalizer (7) adapted to receive the dominant frequency (6) and to process the dominant frequency
(6) using a negative gain (8) and generating a flat acoustic response (9) for the dominant frequency (6) for the
room (4).

2. The device (1) according to the claim 1 comprising:

- a graphical user interface (10) adapted to show options (11) to provide the dimension (3) of the room (4), and
to further show the dimensions (3) received from the input unit (2).

3. The device (1) according to any of the claims 1 or 2, wherein the input unit (2) is adapted to be remotely connected
to the device (1) and to be in communication coupling to the device (1).

4. The device (1) according to any of the claims 1 to 4, wherein the device (1) is a part of a video display system.

5. The device (1) according to any of the claims 1 to 4, wherein the audio device (1) is having a stereo sound system.

6. The device (1) according to any of the claims 1 to 5, wherein the room (1) is a rectangular room, and the dimension
(3) to be provided using the input unit (2) are at least one of the length, breath, or height of the room (4).

7. Thedevice (1) according to the claim 6, wherein the processing unit (5) is adapted to generate the dominant frequency
(6) based on at least one of an axial room mode, a tangential room mode, or an oblique room mode, or combination
thereof.

8. Thedevice (1) according to the claim 7, wherein the processing unit (5) is adapted to generate the dominant frequency
(6) based on an order of at least one of the room modes.

9. The device (1) according to any of the claims 1 to 8, wherein the processing unit (5) is adapted to generate a
frequency response curve (12) based on dominant frequencies (6) for the room (4).

10. The device (1) according to any of the claims 1 to 9, wherein the parametric equalizer (7) is adapted to process the
dominant frequencies (6) which are in range of 20 Hz to 500 Hz.

11. A method for generating a flat acoustic response (9) from an audio device (1) for a dominant frequency (6) of a room

(4) comprising steps of:

- displaying options (11) to provide at least one of dimension (3) of the room onto a graphical user interface (10);
- receiving at least one of the dimensions (3) of the room (4) using an input unit (2);

- processing the dimension (3) of the room (4) by a processing unit (5) and generating a dominant frequency
(6) for the room (4);

- receiving the dominant frequency (6), processing the dominant frequency (6) using a negative gain (8) by a
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parametric equalizer (7) and generating a flat acoustic response (9) for the dominant frequency (6) for the room

(4).

12. A computer program product stored on a computer readable medium within an audio device (1) and adapted to be
executed on one or more processors, wherein the computer readable medium and the one or more processors are
adapted to be coupled to a communication network interface, the computer program product on execution to enable
the one or more processors (5, 7) to perform following steps comprising:

- displaying options (11) to provide at least one of dimension (3) of the room (4) onto a graphical user interface (10);
- receiving at least one of the dimensions (3) of the room (4) using an input unit (2);

- processing the dimension (3) of the room (4) and generating a dominant frequency (6) for the room (4);

- receiving the dominant frequency (6), processing the dominant frequency (6) using a negative gain (8) and
generating a flat acoustic response (9) for the dominant frequency (6) for the room (4).



EP 3 422 737 A1

/12
5

3 4
: f“

—H
v
Fig. 1

v




EP 3 422 737 A1

11
™~ 10
8
11

Fig. 2




10

15

20

25

30

35

40

45

50

55

Européisches
Patentamt
European
Patent Office
Office européen

des brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

EP 3 422 737 A1

Application Number

EP 17 17 8377

DOCUMENTS CONSIDERED TO BE RELEVANT
Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
X US 2016/061597 Al (DE BRUIJN WERNER PAULUS|1-12 INV.
JOSEPHUS [NL]) 3 March 2016 (2016-03-03) HO4R3/04
* paragraphs [0002] - [0004], [0010],
[0013], [0048], [0057] - [0059], ADD.
[0065], [0089], [0123], [0130], HO4S7/00
[0131], [0140]; figures 1 - 4 *
X US 2015/149943 Al (NGUYEN DJUNG [US] ET 1-6,9-12
AL) 28 May 2015 (2015-05-28)
* paragraphs [0036], [0050] - [0069],
[0103]; figures 3, 4, 13, 14 *
TECHNICAL FIELDS
SEARCHED (IPC)
G16H
HO4R
HO4S
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner

The Hague

30 October 2017 Lorch, Dominik

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

10




EP 3 422 737 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 17 17 8377

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

30-10-2017
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2016061597 Al 03-03-2016  CN 105229414 A 06-01-2016
EP 2997327 Al 23-03-2016
JP 5998306 B2 28-09-2016
JP 2016524693 A 18-08-2016
RU 2015153383 A 19-06-2017
US 2016061597 Al 03-03-2016
WO 2014183970 Al 20-11-2014

US 2015149943 Al 28-05-2015 US 2012113224 Al 160-05-2012
US 2012114151 Al 10-05-2012
US 2012114152 Al 10-05-2012
US 2012117502 Al 10-05-2012
US 2015149943 Al 28-05-2015

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

1"




EP 3 422 737 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

+  US 10465644 B [0003] «  JP 2007251484 B [0005]
.+ US 7529377 B [0004]

12



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

