wo 2017/005302 A1 I} 1] A0 00O YO A

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

12 January 2017 (12.01.2017)

WIPOIPCT

(10) International Publication Number

WO 2017/005302 A1l

(51

eay)

(22)

(25)
(26)
1

(72

31

International Patent Classification:
HO04R 1/00 (2006.01) HO04R 3/00 (2006.01)
HO04R 3/02 (2006.01) HO4R 27/00 (2006.01)

International Application Number:
PCT/EP2015/065486

International Filing Date:
7 July 2015 (07.07.2015)

English
Publication Language: English

Applicant: ARCELIK ANONIM SIRKETI [TR/TR]; ES
Ankara Asfalti Uzeri, Tuzla, 34950 Istanbul (TR).

Inventors: HOSCOSKUN, Emrah Mustafa; E5 Ankara
Asfalti Uzeri, Tuzla, 34950 Istanbul (TR). DEMIREL,
Ibrahim; E5 Ankara Asfalti Uzeri, Tuzla, 34950 Istanbul
(TR).

Filing Language:

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,

(84)

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
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.

Designated States (uniess 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, IE, 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: IMAGE DISPLAY DEVICE WITH ADAPTIVE SOUND PRESSURE LEVEL ADJUSTMENT FUNCTION

Fig. 1
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ance according to the specific environment of said image display device.
More particularly, the present invention relates to an image display device
comprising at least one loudspeaker and an adaptive sound pressure level ad-
justment system automatically effectuating sound optimization through sound
pressure level adjustment by way of analyzing pressure deviances in the sur-
rounding of said image display device.
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Description
IMAGE DISPLAY DEVICE WITH ADAPTIVE SOUND PRESSURE LEVEL

[0001]

[0002]

[0003]

[0004]

[0005]

ADJUSTMENT FUNCTION
The present invention relates to an image display device capable of
adapting the sound pressure level based on the ambient pressure
variance according to the specific environment of said image display
device.
In general, sound pressure level is associated with pressure variations
caused by the sound waves in the air. The lowest sound pressure heard
by humans is referred to as hearing threshold. In air, sound pressure can
be measured by a microphone.
Image display devices may be preconfigured to apply certain predefined
sound enhancement blocks being presented to the user in order for
increasing the sound quality by way of enabling the user to select a sound
preset. This approach does not yield completely satisfactory results for the
unique reason that each of these predefined enhancement blocks
basically aim to increase the sound quality for only one type of audio
content.
It is to be noted that a variety of parameters play an important role in the
audio performance of home based theatre systems such as location of the
audio players, volume level, balance of the speakers and bass
equalization.
The audio systems typically allow the user to manually set up the
above-mentioned parameters through a controller on a control unit of the
audio system. However, such fine-tunings and adjustment of the
parameters can be complex and difficult especially for the so-called
technically non-competent people as well as older persons. A typical
situation which affects the sound output quality is the case where an
ambient sound generated from outside makes it harder to hear the sound
of the TV set. In this case, the subsequent reaction of the user could be to
increase the volume to compensate the generated noise. Therefore,
noticeably improper sound quality may occur and manual adjustment of

the settings may be needed for the optimal sound performance, which can
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cause dissatisfaction for the user.

An adaptive sound pressure level (SPL) system enables the user to hear
the output sound better even when an external noise interferes with the
broadcast program’s sound. The adaptive sound pressure level system
automatically adjusts the sound pressure level depending on the ambient
pressure and background noise.

A prior art publication in the technical field of the present invention may be
referred to as US2014328506, which discloses methods and systems for
automatic configuration of wireless speakers. A system is described
whereby a wireless speaker is configured to use an audio tone to generate
a sound wave. The sound wave is received by an audio input/output
device, which uses the received sound wave to generate audio
information. A processor is configured to use the audio information to
determine a distance between the wireless speaker and the audio
input/output device, and to configure an audio parameter of the wireless
speaker as a function of the distance.

The present invention provides an adaptive sound pressure level (SPL)
system automatically adjusting sound performance parameters of the
image display device based on ambient pressure deviations as defined by
the characterizing features in Claim 1.

Primary object of the present invention is to provide an adaptive sound
pressure level system for automatic optimization of the sound pressure
level to output an improved audio quality at different environmental
conditions with different background pressure levels in the ambient
pressure.

The present invention proposes an image display device automatically
effectuating sound optimization through sound pressure level adjustment
by way of analyzing pressure deviances in the vicinity of said image
display device.

The image display device comprises an electronic control unit in
communication with a pressure meter so that the sound pressure level of
the loudspeakers are adjusted depending on the ambient pressure levels

as measured by said pressure meter on a continuous or periodical basis.
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The pressure meter is a digital barometric pressure sensor whose
readings are compared to reference values in a preloaded database in
order for obtaining the corresponding voltage values to be applied to the
loudspeakers.

Alternatively, the image display device can retrieve the information as to
the ambient pressure by connecting to a remote server through a
wide-area network (WAN) connection on a periodical basis so as to obtain
the most recent ambient pressure value information based on the altitude
and weather conditions of the specific location. Information as to the
altitude and specific location of the image display device can be inputted
by the user to be recorded by the image display device.

Accompanying drawings are given solely for the purpose of exemplifying
an adaptive sound pressure level adjustment system for image display
devices whose advantages over prior art were outlined above and will be
explained in brief hereinafter.

The drawings are not meant to delimit the scope of protection as identified
in the claims nor should they be referred to alone in an effort to interpret
the scope identified in said claims without recourse to the technical
disclosure in the description of the present invention.

Fig. 1 demonstrates a general flow diagram of an adaptive sound pressure
level adjustment method as executed by the image display device
according to the present invention.

Fig. 2 demonstrates a general flow diagram of an adaptive sound pressure
level measurement and calibration method according to the present
invention.

The present invention relates to an image display device such as for
instance an LCD or LED TV, having an adaptive sound pressure level
system (SPL) automatically effectuating sound performance optimization
through sound pressure level adjustment by analyzing ambient pressure
deviances in the specific environment in association with said image
display device. Typically, at least one built-in loudspeaker being in
electrical communication with said image display device outputs sound

waves in association with the broadcast program received by the image
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display device.

The image display device of the invention comprises an adaptive SPL
system with a pressure meter, for instance in the form of a digital
barometric pressure sensor being available in the market under many
trade names and finding widespread use in electronic household
appliances. A digital barometric pressure sensor continuously or
periodically effectuates measurement of the ambient pressure and
accordingly monitors changes during regular operation of the image
display device as will be delineated hereinafter.

The image display device typically comprises an electronic control unit to
adjust and control the sound pressure level of the loudspeakers. The
pressure meter provides real-time data so as to be processed by the
electronic control unit to drive said loudspeakers.

An internal memory unit of the image display device stores operational
data and includes a database of pressure levels. Said database comprises
corresponding voltage values for individual pressure levels. The pressure
value generally varies depending on the specific location and altitude of
the image display device as well as the background noises in the
environment. The pressure value measured by the pressure meter is
compared to the reference values in the database in order for obtaining
the corresponding voltage values to be applied on the loudspeakers for an
optimized audio quality during operation of the image display device.

In the case the ambient pressure level fluctuates during the day due to
different atmospheric conditions, i.e. due to the ambient temperature or in
certain cases humidity, different voltage values can be applied to the
loudspeaker according to the preloaded database. The preloaded
database contains various ambient pressure values associated with
different voltage values to be used to drive the loudspeakers. Therefore,
the preloaded internal database of the image display serves to the
purpose of associating measured sound pressure levels by the image
display device with different reference voltage values previously obtained
during a measurement and calibration step by the manufacturer. The

obtained voltage values as retrieved from the preloaded internal database
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provide optimization of the loudspeakers’ sound quality.

The reference values in the preloaded database are typically measured in
an acoustically isolated environment at 25°C and sound pressure levels
outputted by the loudspeakers as optimized according to human ear
sensitivity are associated with reference electrical values. The ideal
frequency response of the loudspeakers is therefore maintained. In the
subsequent steps, voltage values under different ambient pressure levels
are determined so as to maintain the same sound pressure levels
optimized according to human ear sensitivity. Accordingly, a lookup table
or database of ambient sound pressure levels and associated voltage
values is obtained.

The preloaded internal database and associated data is stored in the
memory unit of the image display device. The electronic control unit
accordingly performs measurement of the ambient sound pressure by
means of said pressure meter and retrieves from the database the
necessary voltage value in order for driving the loudspeakers. The
pressure measured by the pressure meter during the regular operation of
the image display device is compared with the values in the database and
the voltage corresponding to the specific pressure level being measured is
applied to the loudspeaker in order to optimize the sound pressure level by
way of decreasing or increasing the applied voltage.

It is to be noted that the ambient pressure may fluctuate depending on the
atmospheric conditions such that a first measurement and a second
subsequent measurement by the pressure meter may present different
results so as to influence the viewing experience of the user unless
voltage calibration is performed. In order for obtaining a continuously
comfortable sound level in terms of the quality of the viewing experience
and without requiring any user intervention, the image display device
therefore uses the internal database to dynamically recalibrate the driving
voltage of the loudspeakers.

Therefore, change of the TV set sound level by the user due to pressure
variations in the surrounding of the image display device is avoided by

dynamically adapting the applied voltage to the ambient pressure level. To
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this end, the image display device takes measurements, preferably each
time it is turned on and on a continuous or periodical basis. Dynamically
varied voltage values to obtain different loudspeaker sound pressure
levels provide an automatically improved sound quality for the image
display device during its operation.

The information as to the ambient pressure may be alternatively or
additionally obtained by the image display device through connecting to a
remote server via Internet and retrieving the required information based on
the altitude and weather conditions of the specific location. The obtained
data may directly contain specific voltage values or may alternatively
contain a look-up table of location-based pressure level values so that the
image display device can itself determine the respective voltage values
through the internal database. Information as to the altitude and specific
location of the image display device can be inputted by the user to be
recorded by the image display device.

The present invention further provides adaptation of the sound volume
(intensity) by adjusting audio output of said image display device
conventionally by strengthening or weakening the energy of specific
frequency bands. Additionally, it is possible to support the adaptation of
the sound level by changing equalizer presets, typically altering the
frequency response of the audio system, in which case the image display
device’s audio system adjusts the gain at a certain frequency band.

In summary, the present invention proposes an image display device
comprising at least one loudspeaker and an adaptive sound pressure level
adjustment system automatically effectuating sound optimization through
sound pressure level adjustment by way of analyzing pressure deviances
in the surrounding of said image display device

In one embodiment of the invention, said adaptive sound pressure level
adjustment system comprises an electronic control unit to adjust and
control the sound pressure level of said at least one loudspeaker in
accordance with ambient pressure level measured by a pressure meter of
the image display device.

In a further embodiment of the invention, the pressure meter provides
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real-time data so as to be processed by the electronic control unit to drive
said at least one loudspeaker.

In a further embodiment of the invention, an internal memory unit of the
image display device stores operational data in the form of a database of
pressure levels associated with corresponding voltage values.

In a further embodiment of the invention, the pressure meter is a digital
barometric pressure sensor.

In a further embodiment of the invention, the digital barometric pressure
sensor continuously or periodically effectuates measurement of the
ambient pressure.

In a further embodiment of the invention, the pressure value measured by
the digital barometric pressure sensor is compared to the reference values
in the database in order for obtaining the corresponding voltage values to
be applied to the at least one loudspeaker.

In a further embodiment of the invention, the electronic control unit of the
image display device provides that the digital barometric pressure sensor
takes pressure measurements each time the image display device is
turned on.

In a further embodiment of the invention, the information as to the ambient
pressure is obtained by the image display device through connecting to a
remote server via a network connection/computer network.

In a further embodiment of the invention, the image display device
retrieves the ambient pressure value information based on the altitude and
weather conditions of the specific location.

In a further embodiment of the invention, the image display device updates
the location-based ambient pressure value information on a periodical
basis.

The automatic adjustment of the sound pressure level by way of
increasing and decreasing the applied voltage through the adaptive SPL
system ensures a more pleasant viewing experience on the part of users
due to the improved sound quality. The adaptive SPL system eliminates
the adverse effects of pressure fluctuations on the sound quality and

ensures that the sound level set by the user remains constant, thereby
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preventing the user from turning the volume up or down during television

viewing.



WO 2017/005302 PCT/EP2015/065486

9/10

Claims

1.

An image display device comprising at least one loudspeaker and an adaptive
sound pressure level adjustment system automatically effectuating sound
optimization through sound pressure level adjustment by way of analyzing
pressure deviances in the surrounding of said image display device,
characterized in that

said adaptive sound pressure level adjustment system comprises an electronic
control unit to adjust and control the sound pressure level of at least one
loudspeaker in accordance with ambient pressure level measured by a
pressure meter of the image display device.

An image display device as in Claim 1, characterized in that the pressure
meter provides real-time data so as to be processed by the electronic control
unit to drive at least one loudspeaker.

An image display device as in Claim 2, characterized in that an internal
memory unit of the image display device stores operational data in the form of
a database of pressure levels associated with corresponding voltage values.
An image display device as in Claim 1, 2 or 3, characterized in that the
pressure meter is a digital barometric pressure sensor.

An image display device as in Claim 4, characterized in that the digital
barometric pressure sensor continuously or periodically effectuates
measurement of the ambient pressure.

An image display device as in Claim 3 or 5, characterized in that the pressure
value measured by the digital barometric pressure sensor is compared to the
reference values in the database in order for obtaining the corresponding
voltage values to be applied to the at least one loudspeaker.

An image display device as in Claim 5, characterized in that the electronic
control unit of the image display device provides that the digital barometric
pressure sensor takes pressure measurements each time the image display
device is turned on.

An image display device as in Claim 1, characterized in that the information as
to the ambient pressure is obtained by the image display device through
connecting to a remote server via a network connection.

An image display device as in Claim 8, characterized in that the image display
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device retrieves the ambient pressure value information based on the altitude
and weather conditions of the specific location.

10. An image display device as in Claim 9, characterized in that the image display
device updates the location-based ambient pressure value information on a

periodical basis.
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