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SYSTEM AND METHOD FOR
CONTROLLING ENGINE TONE BY
ARTIFICIAL INTELLIGENCE BASED ON
SOUND INDEX OF VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims the benefit of pri-
ority to Korean Patent Application No. 10-2018-0160475,
filed on Dec. 13, 2018 in the Korean Intellectual Property
Office, the entire disclosure of which is incorporated herein
by reference.

TECHNICAL FIELD

[0002] Exemplary embodiments of the present disclosure
relate to a system and a method for controlling an engine
tone by an artificial intelligence based on a sound index of
a vehicle.

BACKGROUND

[0003] Today’s automobiles are becoming an enjoyable
object beyond a mere transport means. Driving performance
would be one of the pleasures that automobiles give drivers.
In recent years, automobile consumers are trending toward
demanding both sporty driving and comfortable driving.
Currently, the automobile industry is trying to develop a
vehicle that can change a driving mode in order to satisfy
such troubles. The driving mode refers to a function to adjust
ride comfort and change driving performance by controlling
a suspension or an engine.

[0004] However, there is a limitation in enhancing the
driving performance in that manufacturing cost is exces-
sively required to resolve troubles relating to the enhance-
ment of the driving performance only through physical and
mechanical approaches. Of course, this may not matter to an
expensive sports car. However, most common vehicle manu-
facturers have no choice but to deliberate how to maximize
the effect of the driving performance while maintaining
reasonable manufacturing cost.

[0005] Drivers are very sensitive to the sense of hearing as
well as the sense of sight. Particularly, a dynamic engine
sound acts as a crucial factor that multiplies driving plea-
sure. Some automakers, therefore, have also worked with an
orchestra to create an attractive engine sound while adopting
high displacement engines. However, such a technology
development is limited to a specific high displacement
engine and has a limitation in that the manufacturing cost is
high.

[0006] To this end, the latest technology developed to
avoid this is a sound generator. The sound generator is a
device for artificially generating a sound similar to, e.g., an
engine sound through vehicle-mounted speakers. However,
conventional sound generators merely plays an engine tone
stored therein, or merely works in conjunction with an
acceleration pedal to artificially amplify output sound pres-
sure in proportion to engine speed. Therefore, it was natural
that drivers could very easily aware that the sound is nothing
but an artificial sound coming from speakers, not a natural
engine tone. As a result, this caused a problem that driving
pleasure is reduced. On the other hand, it could not be bound
to dynamically evolve the engine sound recklessly for the
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sake of driving pleasure. The reason is that drivers are
emotional animals and thus sometimes feel the dynamic
sound as loud noise.

[0007] Therefore, if necessary, it is also necessary to
reduce the engine sound and other noise to be felt by drivers
to create a quieter interior atmosphere.

SUMMARY

[0008] An object of the present disclosure is to provide to
a system and a method for controlling an engine tone by an
artificial intelligence based on a sound index of a vehicle
whereby a sound quality index is optimized to reach a target
tone through the artificial intelligence.

[0009] Other objects and advantages of the present dis-
closure can be understood by the following description and
become apparent with reference to the embodiments of the
present disclosure. Also, it is obvious to those skilled in the
art to which the present disclosure pertains that the objects
and advantages of the present disclosure can be realized by
the means as claimed and combinations thereof.

[0010] In accordance with one aspect of the present dis-
closure, a system for controlling an engine tone by an
artificial intelligence based on a sound quality index of a
vehicle, comprises: a sound output device for generating a
reinforcing sound to reinforce an engine sound of the
vehicle; an engine characteristic measurement sensor for
measuring sound source characteristics of the engine sound;
an interior noise measurement sensor for detecting interior
noise of the vehicle; a signal processing controller that
receives signals from the engine characteristic measurement
sensor in real time and controls the sound output device such
that the engine sound reaches a target tone; and a tone
control operation unit connected to the signal processing
controller to optimize the sound quality index such that the
engine sound reaches the target tone through the artificial
intelligence.

[0011] The signal processing controller further receives at
least one of vehicle driving information emerged through
controller area network (CAN) communication or informa-
tion of the interior noise measured by a microphone.
[0012] The signal processing controller outputs an engine
tone calculated by the tone control operation unit through an
interior audio.

[0013] The tone control operation unit performs real-time
active control of the engine tone based on deep learning and
wherein the active control based on the deep learning
determines and outputs an order array and an order level as
factors for controlling the target tone based on a target tone
requested by a driver and the measured interior noise.
[0014] The tone control operation unit performs real-time
active control of the engine tone based on deep learning and
wherein the active control based on the deep learning
determines an order array and an order level as factors for
controlling the target tone based on a target tone requested
by a driver and the measured interior noise with respect to
a noise source required to be reduced and controls an
unnecessary frequency band to be reduced.

[0015] A sound quality index of the measured interior
noise is any one of a powerful index, a pleasant index, a
dynamic index, or a sporty index.

[0016] The sound output device is at least one of a speaker
in an engine room, a speaker in the vehicle interior, or a
speaker outside the vehicle.
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[0017] The system further comprises a proportional-inte-
gral-differential (PID) controller for controlling the sound
output device such that the engine sound is reinforced by the
reinforcing sound due to output of the engine tone.

[0018] The reinforcing sound and the target tone are stored
as data and reinforcing the engine sound is implemented
based on the stored data.

[0019] The stored data is active sound design (ASD).
[0020] Information of the sound source characteristics of
the engine sound is an engine noise characteristic of at least
one of engine vibration, combustion pressure, boost pres-
sure, or exhaust pressure.

[0021] The vehicle driving information is an engine noise
characteristic of at least one of vehicle speed, pedaling,
engine speed, or a driving mode.

[0022] Input variables of the artificial intelligence com-
prise at least one of plural vehicle sound characteristics, a
target tone requested by the driver, and a driving pattern of
the driver.

[0023] In accordance with another aspect of the present
disclosure, a method for controlling an engine tone by an
artificial intelligence of a tone control operation unit based
on a sound quality index of a vehicle, comprises: outputting
a sound having an engine tone calculated by a signal
processing controller based on at least one of vehicle driving
information, engine noise characteristic information, or inte-
rior noise information, wherein the signal processing con-
troller performs optimizing an index of the sound based on
the artificial intelligence.

[0024] The sound quality index is output as output vari-
ables of the artificial intelligence when an engine order array
and an engine order level are changed.

[0025] A control value satisfying the output sound quality
index is output through a speaker in the vehicle interior.
[0026] The output engine sound of the vehicle interior is
monitored to calculate a changed sound quality index, and
feedback control is performed again.

[0027] The engine noise characteristic information is an
engine noise characteristic of at least one of engine vibra-
tion, combustion pressure, boost pressure, or exhaust pres-
sure.

[0028] The vehicle driving information is an engine noise
characteristic of at least one of vehicle speed, pedaling,
engine speed, or a driving mode.

[0029] Input variables of the artificial intelligence com-
prise at least one of plural vehicle sound characteristics, a
target tone requested by the driver, and a driving pattern of
the driver.

[0030] According to various aspects of the present disclo-
sure as described herein, the following advantageous effects
can be obtained:

[0031] First, as an index for objectively evaluating a sound
of'a vehicle is used for setting a target tone, it is possible to
perform active control through optimization of various tar-
get tones.

[0032] Second, there is a strong advantage in that a target
tone can be controlled more accurately and quickly because
the target tone is optimized by deep learning of an artificial
intelligence.

[0033] Third, various target tones corresponding to an
actual engine sound can be provided in response to a driving
mode, thereby providing pleasure of driving and feeling of
movement.
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[0034] Fourth, as the sound output through speakers is
feedback again, it is possible to provide an engine tone
closer to an actual sound.

[0035] Fifth, as the sound source stored previously can be
used, the system and method disclosed herein can be easily
applied to existing vehicles.

[0036] It is to be understood that both the foregoing
general description and the following detailed description of
the present disclosure are exemplary and explanatory and
are intended to provide further explanation of the disclosure
as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] The above and other objects, features and other
advantages of the present disclosure will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:
[0038] FIG. 1 is a flowchart of a first exemplary embodi-
ment of the present disclosure;

[0039] FIG. 2 is a schematic diagram of a tone control
operation unit 500 according to an exemplary embodiment
of the present disclosure;

[0040] FIG. 3 is a graph of engine tone reinforcement
control of a tone control operation unit 500 according to an
exemplary embodiment of the present disclosure;

[0041] FIG. 4 is a graph of engine tone reinforcement and
noise reduction control of a tone control operation unit 500
according to an exemplary embodiment of the present
disclosure;

[0042] FIG. 5 is a diagram illustrating operational effects
of the entire algorithm according to an exemplary embodi-
ment of the present disclosure;

[0043] FIG. 6 is a diagram illustrating a sound quality
index 700 according to an exemplary embodiment of the
present disclosure;

[0044] FIGS. 7, 8, and 9 are diagrams of the entire
algorithm of a first exemplary embodiment of the present
disclosure;

[0045] FIGS. 10, 11, and 12 are diagrams of the entire
algorithm of a second exemplary embodiment of the present
disclosure; and

[0046] FIG. 13 is a diagram of a system including a sound
source storage unit according to an exemplary embodiment
of the present disclosure.

DETAILED DESCRIPTION

[0047] The present disclosure may be implemented in
many altered forms and have various embodiments. There-
fore, an exemplary specific embodiment is illustrated in the
drawings and described in detail in the following descrip-
tion. However, the disclosure herein is not intended to limit
the present disclosure to a specific embodiment and should
be understood as covering all modifications, equivalents and
substitutions falling within the spirit and scope of the
disclosure.

[0048] Like reference numerals are used to designate like
elements throughout the drawings and the description with
reference to the drawings.

[0049] Although the terms “first,” “second,” etc. may be
used herein to describe various components, these compo-
nents should not be limited by these terms. These terms are
used merely to distinguish one element from another.
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[0050] For example, a first component may be designated
as a second component and similarly a second component
may be designated as a first component without departing
from the scope of the present disclosure. The term “and/or”
includes all combinations or any of a plurality of the
associated listed items.

[0051] All terms including technical or scientific terms,
unless being defined otherwise, have the same meaning
generally understood by a person having ordinary skill in the
art pertaining to the present disclosure.

[0052] The terms that are the same as the ones defined in
a commonly-used dictionary should be interpreted as includ-
ing the meaning consistent with the meaning in the context
of the related art and should not be interpreted as being
ideally or excessively formal meaning unless they are
explicitly defined otherwise herein.

[0053] <System for Controlling an Engine Tone by an
Artificial Intelligence Based on a Sound Quality Index of a
Vehicle>

[0054] Firstly, it will be described about a system for
controlling an engine tone by an artificial intelligence based
on a sound quality index of a vehicle according to a first
exemplary embodiment of the present disclosure.

[0055] Deep learning which will be described below can
be appreciated to be analogous to artificial intelligence
learning or machine learning.

[0056] FIG. 1 is a flowchart of a first exemplary embodi-
ment of the present disclosure.

[0057] A system 1-1 for controlling an engine tone by an
artificial intelligence based on a sound quality index of a
vehicle 1 comprises a sound output device 100, an interior
noise measurement sensor 200, an engine characteristic
measurement sensor 300, vehicle driving information detec-
tor 400 from a controller area network, a tone control
operation unit 500 and a signal processing controller 600.
[0058] The sound output device 100 refers to an output
device for outputting a sound source generated based on
values from the engine characteristic measurement sensor.
[0059] More specifically, the sound output device 100
refers to a sound output system for generating a reinforcing
sound to reinforce an engine sound of a vehicle.

[0060] The sound output device 100 may be at least one of
a speaker in an engine room, a speaker in the vehicle interior,
or a speaker outside the vehicle.

[0061] Inother words, the sound output device 100 may be
arranged in at least one of the interior of the engine room,
the interior of the vehicle, or the outside of the vehicle.
[0062] The sound output device 100 arranged outside the
vehicle may be contemplated for the purpose of pedestrian
protection.

[0063] The sound output device 100 may be provided for
a specific frequency band output and may be provided in
various types such as a thin type device or a membrane type
replayable device.

[0064] The interior noise measurement sensor 200 mea-
sures interior noise of the vehicle.

[0065] As an example of the interior noise measurement
sensor 200, a microphone (not shown) capable of measuring
interior noise may be arranged in the vehicle interior.
[0066] The microphone can measure change of a tone of
the vehicle interior noise in real time wherein a plurality of
microphones can be arranged in the vehicle.

[0067] Itisto be noted that the interior noise which will be
described below refers to a driving performance sound
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including an engine tone and an exhaust sound, which are
heard in the vehicle interior and related to vehicle driving in
a state where an engine of the vehicle is started, but it is
different from a radio sound or a music sound provided in a
car entertainment system.

[0068] On the other hand, a driving performance sound
desired by a driver is a target tone.

[0069] The interior noise measurement sensor 200 may
measure a reference signal for proportional-integral-differ-
ential controller (PID) control. (See FIG. 5)

[0070] The interior noise measurement sensor 200 can be
used for measuring change of an engine tone of the vehicle
and measuring a difference between the engine tone and the
target tone.

[0071] More specifically, the interior noise measurement
sensor 200 is used for determining a sound domain to be
reinforced and a sound domain to be reduced in order to
correct the driving performance sound so as to be close to
the target tone.

[0072] The engine characteristic measurement sensor 300
measures characteristics of the sound source of the engine
sound.

[0073] The information of the sound source characteristics
of the engine sound refers to power characteristic informa-
tion capable of determining the tone of the engine sound.
[0074] The information of the sound source characteristics
of the engine sound may be engine noise characteristic of at
least one of engine vibration, combustion pressure, boost
pressure, or exhaust pressure.

[0075] The engine noise characteristic refers to noise
characteristic of a power system which is detected by the
engine characteristic measurement sensor 300.

[0076] In other words, the sound source characteristics of
the engine sound can be determined from at least one of
vibration data, combustion pressure data, boost pressure
data, exhaust pressure data, or intake pressure data.

[0077] The engine characteristic measurement sensor 300
is a sensor for measuring the information of the sound source
characteristics of the engine sound.

[0078] The engine characteristic measurement sensor 300
may be a vibration sensor, a combustion pressure sensor, a
boost pressure sensor, an exhaust pressure sensor, an intake
pressure sensor, or the like.

[0079] In particular, the vibration sensor may comprise a
uniaxial accelerometer (not shown) or a multiaxial acceler-
ometer (not shown).

[0080] The vehicle driving information may be engine
noise characteristic of at least one of vehicle speed, pedal-
ing, engine speed (RPM), or a driving mode.

[0081] The vehicle driving information detector 400 from
the CAN (Controller Area Network) is vehicle driving
information which is necessary for real-time control of the
vehicle.

[0082] The vehicle driving information detector 400 from
the CAN makes it possible to determine driving will and
driving pattern of the driver.

[0083] A command mediator for transmitting driving
information relating to the vehicle driving of the driver to the
vehicle in real time may include a steering wheel, an
accelerator pedal, a brake pedal, a gear knob (paddle shift),
a driving mode button and the like.

[0084] The driver may vary the degree of depressing the
accelerator pedal or the brake pedal depending on a given
situation.
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[0085] Upon attempting to overtake a front vehicle, the
driver instantaneously depresses the accelerator pedal
deeply. At this time, a gear box of the vehicle shifts down the
gear in response to the driver’s acceleration will to increase
the engine speed, thereby increasing vehicle speed.

[0086] On the other hand, the driver may sometimes
pursue sports driving that prioritizes running, or otherwise
want comfort driving that prioritizes ride comfort.

[0087] This is solved by selecting a driving mode through
a driving mode system mounted on the vehicle.

[0088] The driving mode is a given setting mode for
achieving the driving will of the driver.

[0089] The driving performance sound of the vehicle also
needs to be changed in response to the selected driving
mode.

[0090] The driving performance sound corresponds to a
sound quality index 700 which refers to the target tone.
[0091] The sound quality index 700 can be selected
directly by the driver.

[0092] Next, the tone control operation unit 500 according
to an exemplary embodiment of the present disclosure will
be described in detail.

[0093] FIG. 2 is a schematic diagram of the tone control
operation unit 500 according to an exemplary embodiment
of the present disclosure.

[0094] The tone control operation unit 500 according to an
exemplary embodiment of the present disclosure may be a
processor (e.g., computer, microprocessor, CPU, ASIC, cir-
cuitry, logic circuits, etc.). The processor may include an
associated non-transitory memory storing software instruc-
tions which, when executed by the processor, provides the
functionalities of an input variables module 510 and a
hidden learning layers module 520. Herein, the memory and
the processor may be implemented as separate semiconduc-
tor circuits. Alternatively, the memory and the processor
may be implemented as a single integrated semiconductor
circuit. The processor may embody one or more processor
().

[0095] The tone control operation unit 500 outputs output
variables 530. In this case. the output variables 530 means
an order array 531, an order level 532, a noise reduction
array and a noise reduction level 533 outputted as the result
of the hidden learning layers module 520.

[0096] The input variables module 510 of the tone control
operation unit 500 collects data values input from the
interior noise measurement sensor 200, the engine charac-
teristic measurement sensor 300 and the vehicle driving
information detector 400 from the CAN, as described above.
In this case. the input variables module 510 means the input
values provided in plural sensors.

[0097] More specifically, input variables of the artificial
intelligence comprise at least one of plural vehicle sound
characteristics, a target tone requested by the driver, and a
driving pattern of the driver.

[0098] The tone control operation unit 500 is capable of
real-time active control of the engine tone based on deep
learning.

[0099] The active control based on the deep learning
determines and outputs the order array 531 and the order
level 532 of the output variables 530 as factors for control-
ling the target tone based on a target tone requested by the
driver and the measured interior noise.

[0100] On the other hand, the active control based on the
deep learning determines the order array 531 and the order
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level 532 of the output variables 530 as factors for control-
ling the target tone based on a target tone requested by the
driver and the measured interior noise with respect to a noise
source required to be reduced and controls an unnecessary
frequency band to be reduced.

[0101] The hidden learning layers module 520 of the tone
control operation unit 500 analyzes data of the input vari-
ables of the input variables module 510 by means of the deep
learning and output the analyzed data as the output variables
530.

[0102] The order array 531 of the output variables 530
refers to an array of frequencies arranged depending on the
engine speed (i.e. Revolution per Minute) and the order level
532 of the output variables 530 refers to magnitude of the
frequencies of the order array.

[0103] The tone control operation unit 500 outputs unnec-
essary noise to the noise reduction array and the noise
reduction level 533 of the output variables 530.

[0104] FIG. 3 is a graph 540 of engine tone reinforcement
and amplification control of the tone control operation unit
500 according to an exemplary embodiment of the present
disclosure.

[0105] As shown in FIG. 3, when the driver accelerates by
operating the accelerator pedal of the vehicle, an engine tone
542 before being amplified is amplified such that a first
middle band 543 and a first low band 544 are amplified and
then changed into an engine tone 541 after being amplified.
[0106] The tone control operation unit 500 utilizes the
input variables of the input variables module 510 and seizes
both the first middle band 543 and the first low band 544
which need to be amplified in the engine tone 542 before
being amplified and then amplifies frequencies of the cor-
responding sections. In this case, the amplification is made
of the frequency magnitude of the order level 532 of the
output variables 530.

[0107] In other words, the tone control operation unit 500
extracts components of the order based on a fast Fourier
transform (FFT) analysis and determines necessary order
array and order level and then reinforces level of the engine
tone in the acceleration section.

[0108] FIG. 4 is a graph 550 of engine tone reinforcement
and noise reduction control of the tone control operation unit
500 according to an exemplary embodiment of the present
disclosure.

[0109] The graph 550 of the engine tone reinforcement
and noise reduction control is amplified together in the graph
540 of the engine tone amplification control to reduce a
second low band 554 where noise is excessively generated.
In this case, the reduction is made of the frequency magni-
tude of the order level 532 of the output variables 530.
[0110] This is to perform noise reduction control in con-
sideration of the amplified tone, which can be accomplished
by applying a reverse phase output of the frequency band in
question.

[0111] In other words, this generates the reverse phase
output reducing the order array and the order level of a
section that is necessary for keeping balance of sound
pressure in the vehicle interior and linearity of the order.
[0112] A second middle band 553 which is a section
lacking amplification in the graph 540 of the engine tone
reinforcement and amplification control is forced to be
further amplified such that the engine tone 552 before being
optimized becomes the engine tone 551 having been opti-
mized.
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[0113] As a result, the optimized engine tone 551 is
changed into a form increasing linearly in proportion to the
engine speed.

[0114] Such operational effects are illustrated in FIG. 5.
[0115] FIG. 5 is a diagram illustrating the operational
effects of the entire algorithm according to an exemplary
embodiment of the present disclosure. In this case, the
algorithm is loaded in the signal processing controller 600 as
a whole program or as a partial program in each of the signal
processing controller 600 and the tone control operation unit
500.

[0116] A vehicle sound 10 before applying the algorithm
of the present disclosure is shown at the upper right side of
FIG. 5.

[0117] First, components necessary for engine tone control
are extracted from an engine characteristic measurement
signal 310 of the engine characteristic measurement sensor
300 in real time. (See FIG. 7)

[0118] Here, vibration frequency, combustion pressure,
exhaust pressure, boost pressure, accelerometer signal and
other engine characteristic measurement data and informa-
tion such as engine speed (RPM), vehicle speed, gear stage
and driving mode are utilized as the real-time detecting
values of an engine characteristic measurement signal 310.
[0119] The graph 540 of the engine tone reinforcement
and amplification control is a result of amplifying the engine
tone as FIG. 3.

[0120] The graph 540 of the engine tone reinforcement
and amplification control shows that it is necessary to reduce
noise of a specific frequency band and that some order levels
of components of the amplified engine order are required to
be reduced.

[0121] The graph 550 of the engine tone enhancement and
reduction control is a result of amplifying the engine tone as
FIG. 4. Therefore, the graph 550 is a result of amplifying
necessary components and reducing unnecessary compo-
nents.

[0122] As aresult, output values 560 of results of real-time
measurement of sound quality output results of real-time
calculation of the sound quality index and are given to the
tone control operation unit 500 as input variables.

[0123] The output values 560 of results of real-time mea-
surement of the sound quality may be any one of a powerful
index score, a dynamic index score, a pleasant index score,
or a sporty index score. In this case, the index is illustrated
by a sound quality index 700 of FIG. 6.

[0124] The tone control operation unit 500 outputs results
acquired from information of the output values 560 of
results of real-time measurement of the input sound quality
to the signal processing controller 600.

[0125] The signal processing controller 600 performs con-
trol based on a vehicle sound quality index big data using
from information of the output values 560. The control of a
vehicle sound quality index big data performs addition and
removal control of an engine order array, amplification and
reduction control of an engine order level and reduction
control of unnecessary frequency bands and then outputs
result values of these control to the sound output device 100.
[0126] The sound output from the sound output device 100
is feedback controlled while being reflected to the engine
characteristic measurement signal 310 again.

[0127] Meanwhile, the system 1-1 for controlling an
engine tone by an artificial intelligence based on a sound
quality index of a vehicle may comprise a PID controller
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100-1. In this case, the PID controller 100-1 connects the
signal processing controller 600 and the sound output device
100.

[0128] The sound output device 100 may be controlled by
the PID controller 100-1.

[0129] The PID controller 100-1 reinforces the engine
sound by means of the reinforcing sound by output of the
engine tone.

[0130] FIG. 6 is a diagram illustrating the sound quality
index 700 according to an exemplary embodiment of the
present disclosure.

[0131] In this case, the sound quality index 700 of the
measured interior noise is any one of a powerful index 710,
a dynamic index 720, a pleasant index 730, or a sporty index
740.

[0132] The driver may directly select as a target tone any
one out of the powerful index 710, the dynamic index 720,
the pleasant index 730, or the sporty index 740.

[0133] On the other hand, it is possible to configure the
sound quality index 700 such that any one of the powerful
index 710, the dynamic index 720, the pleasant index 730,
or the sporty index 740 is selected automatically in response
to selection of a desired driving mode by the driver.
[0134] The signal processing controller 600 outputs an
engine tone calculated by the tone control operation unit 500
through an interior audio of the vehicle.

[0135] Consequently, if the driver pursues a sound for the
sports driving, the signal processing controller 600 may
output stronger sound than the pleasant index 730, such as
the powerful index 710, the dynamic index 720 or the sporty
index 740.

[0136] On the contrary, if the driver wants a sound for
comfort driving, the signal processing controller 600 may
output mild sound like the pleasant index 730 through the
sound output device 100.

[0137] On the other hand, the signal processing controller
600 further receives at least one of vehicle driving informa-
tion of the vehicle driving information detector 400 emerged
through the CAN (Controller Area Network) communica-
tion or information of the interior noise measured by the
microphone of the interior noise measurement sensor 200.
[0138] The signal processing controller 600 receives the
measured signal from the engine characteristic measurement
sensor 300 in real time and controls the sound output device
100 so as to reach the target tone desired by the driver.
[0139] In this case, the tone control operation unit 500 is
connected to the signal processing controller 600 and opti-
mizes the sound quality index 700 by using the vehicle
sound quality index big data using from information of the
output values 560 so as to reach the target tone through an
artificial intelligence.

[0140] More specifically, the tone control operation unit
500 can amplify and reduce necessary engine order arrays
and order levels and calculate unnecessary frequency bands
in real time by using the order array 531, the order level 532
and the noise reduction array and a noise reduction level 533
of the output variables 530.

[0141] In other words, the tone control operation unit 500
may control sound pressure enhancement for reinforcing the
engine tone through the engine characteristic measurement
sensor 300, or otherwise may control sound pressure reduc-
tion for noise reduction control.

[0142] Accordingly, it is possible to maintain balance of
sound pressure in the vehicle interior and realize the target
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tone by reinforcing a necessary tone and controlling unnec-
essary noise to be reduced in real time.

[0143] <Method for Controlling an Engine Tone by an
Artificial Intelligence Based on a Sound Quality Index of a
Vehicle >

[0144] Next, it will be described about the entire algorithm
of an exemplary embodiment of the present disclosure.
[0145] FIGS. 7 to 9 are diagrams of the entire algorithm of
a first exemplary embodiment of the present disclosure. In
this case, the algorithm of the first exemplary embodiment
comprises an input device 600-1, an algorithm device 600-2
and an output device 600-3.

[0146] The operation of the input device 600-1 is as
follows.
[0147] Input signal of the input device 600-1 includes

engine characteristic measurement signal 310, engine speed
411, interior tone measurement signal 210, pedal opening
amount 412, vehicle speed data 413, driving modes and gear
stages 414 and a sound quality index 700.

[0148] The engine characteristic measurement signal 310
includes data values obtained from an accelerometer, a
combustion pressure sensor, a boost pressure sensor, an
exhaust pressure sensor and other engine characteristic
measurement sensors 300.

[0149] The engine speed 411 of the vehicle driving infor-
mation detector 400 is data emerged through the CAN.
[0150] The interior tone measurement signal 210 of the
interior noise measurement sensor 200 includes data values
obtained from an interior microphone arranged in the
vehicle interior and an engine room microphone arranged in
an engine room respectively.

[0151] In this case, a plurality of interior microphones and
a plurality of engine room microphones may be provided.
[0152] The pedal opening amount 412, the vehicle speed
data 413, the driving modes and the gear stages 414 are data
relating to the vehicle driving information detector 400 from
the CAN.

[0153] The sound quality index 700 is a target tone
selected directly by the driver.

[0154] The operation of the algorithm device 600-2 is as
follows.
[0155] A weighted value of engine speed that is obtained

from the engine speed 411 is reflected to master volume of
an audio system together with the real time engine speed
wherein a weighted value of the pedal opening amount that
is obtained from the pedal opening amount 412 and a value
of the real time position of the pedal are reflected thereto.

[0156] A constant speed or acceleration condition is deter-
mined from the vehicle speed data 413 based on differential
values of change in the vehicle speed wherein in case of the
constant speed condition, the weighted value is adjusted
downward to keep quietness whereas in case of the accel-
eration condition, the weighted value is adjusted upward to
increase acceleration feeling. Then, the adjusted weighted
value is reflected immediately before output of the sound
output device 100.

[0157] On the other hand, a weighted value of the engine
order level for each component of the engine order accord-
ing to change in the driving mode, which is obtained from
the driving mode and the gear stages 414, is applied variably
and reflected between setting master volume of the audio
system and setting a weighted value of the frequency band.
[0158] Frequency characteristic is analyzed (FFT analy-
sis) from the engine characteristic measurement signal 310

Jun. 18, 2020

wherein frequencies of components of the main engine order
that are obtained from the engine speed 411 are calculated
and reflected.

[0159] The order level is derived by extracting a main
component of the engine order, combination of the engine
order arrays is generated, and the engine speed 411 is
reflected in the process of realizing the target tone.

[0160] When the order level is derived, a level for ampli-
fying components of the engine order arranged like the
graph 540 of the engine tone reinforcement and amplifica-
tion control is determined and controlled to be amplified in
real time. (See FIG. 3.)

[0161] At this time, a result 610 of the target tone obtained
by the tone control operation unit 500 by means of the
artificial intelligence based on the sound quality index is
reflected.

[0162] In other words, when the driver selects the sound
quality index 700, a tone in the vehicle interior is measured
in real time and a result value of the interior noise measure-
ment sensor 200 corresponding to the level of the sound
index is output to the input device 600-1 as input data.

[0163] Next, input variables 510 containing information
on change in the engine order array, change in the engine
order level and reduction of unnecessary order level, which
is obtained through calculation of the sound index, are input
to the tone control operation unit 500.

[0164] The tone control operation unit 500 outputs an
order array 531, an order level 532 and a noise reduction
array and noise reduction level 533 as output variables 530
for optimizing target tone control factors based on depth
learning through the hidden learning layers 520. The order
array 531 and the order level 532 out of the final control
factors output by the tone control operation unit 500 are
reflected in realizing the target tone. (See FIG. 2 to FIG. 5.)

[0165] On the other hand, the noise reduction array and
noise reduction level 533 out of the final control factors
output by the tone control operation unit 500 is used for
calculating components of the order required to be removed
from the interior tone measurement signal 210, that is,
necessary reduction level, and determining a reverse phase
output range corresponding to a frequency band required to
be reduced and then applying the determined reverse phase
output range to master volume of the audio system. (See
FIG. 4.)

[0166] The operation of the output device 600-3 is as
follows.
[0167] The data value closer to the target tone by the tone

control operation unit 500 is output through the master
volume of the audio system and finally through a sound
output 110 of the sound output device 100.

[0168] The sound output 110 from the sound output device
100 is feedback controlled so as to be reflected again to the
engine characteristic measurement signal 310 and the inte-
rior tone measurement signal 210 in accordance with the
algorithm as described above.

[0169] The driver can enjoy a vehicle sound of the desired
target tone more quickly and accurately by virtue of the
feedback control with the above-mentioned tone control
operation unit 500 interposed.

[0170] On the other hand, FIGS. 10 to 12 are diagrams of
the entire algorithm of a second exemplary embodiment of
the present disclosure. In this case, the algorithm is executed
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through the input device 600-1, the algorithm device 600-2
and the output device 600-3 as in the algorithm of the first
exemplary embodiment.

[0171] However, the algorithm of the second exemplary
embodiment differs from the algorithm of the first exem-
plary embodiment does not include the sound quality index
700. Also the algorithm of the second exemplary embodi-
ment differs from the algorithm of the first exemplary
embodiment does not reflect the result 610 of the target tone
obtained by the tone control operation unit 500.

[0172] On the other hand, FIG. 13 is a diagram of a system
including a sound source storage unit according to an
exemplary embodiment of the present disclosure.

[0173] Referring to FIG. 13, the system for controlling an
engine tone by an artificial intelligence based on a sound
quality index of a vehicle may comprise a sound source
storage unit 800.

[0174] The sound source storage unit 800 may store the
reinforcing sound and the target tone as data. In this case, the
sound output device 100 may be connected to the sound
source storage unit 800 to reinforce the engine tone based on
the data stored in the sound source storage unit.

[0175] In this case, the data stored in the sound source
storage unit 800 is preferably available in ASD (active sound
design).

[0176] The sound source storage unit 800 may include at
least one type of storage medium among a flash memory
type, a hard disk type, a multimedia card micro type such as
an SD or XD memory, a random access memory (RAM), a
static RAM (SRAM), a read-only memory (ROM), an
electrically erasable programmable read-only memory (EE-
PROM), a programmable read-only memory (PROM), a
magnetic memory, a magnetic disk, and an optical disk, etc.
[0177] Although the present disclosure has been described
in the foregoing with reference to the drawings illustrated by
way of example, the present disclosure is not limited to the
disclosed embodiments, and it will be apparent to those of
ordinary skill in the art that various modifications and
variations can be made to the present disclosure without
departing from the spirit and scope of the disclosure. There-
fore, such modifications or variations fall within the scope of
the present disclosure as claimed and the scope of the
present disclosure should be interpreted based on the
appended claims.

What is claimed is:

1. A system for controlling an engine tone by an artificial
intelligence based on a sound quality index of a vehicle,
comprising:

a sound output device for generating a reinforcing sound

to reinforce an engine sound of the vehicle;

an engine characteristic measurement sensor for measur-
ing sound source characteristics of the engine sound;

an interior noise measurement sensor for detecting inte-
rior noise of the vehicle;

a signal processing controller that receives signals from
the engine characteristic measurement sensor in real
time and controls the sound output device such that the
engine sound reaches a target tone; and

a processor connected to the signal processing controller
to optimize the sound quality index such that the engine
sound reaches the target tone through the artificial
intelligence.

2. The system according to claim 1, wherein the signal

processing controller further receives at least one of vehicle

Jun. 18, 2020

driving information emerged through controller area net-
work (CAN) communication or information of the interior
noise measured by a microphone.

3. The system according to claim 1, wherein the signal
processing controller outputs an engine tone calculated by
the processor through an interior audio.

4. The system according to claim 1, wherein the processor
performs real-time active control of the engine tone based on
deep learning, and

wherein the active control based on the deep learning

determines and outputs an order array and an order
level as factors for controlling the target tone based on
a target tone requested by a driver and the measured
interior noise.

5. The system according to claim 1, wherein the processor
performs real-time active control of the engine tone based on
deep learning, and

wherein the active control based on the deep learning

determines an order array and an order level as factors
for controlling the target tone based on a target tone
requested by a driver and the measured interior noise
with respect to a noise source required to be reduced,
and controls an unnecessary frequency band to be
reduced.

6. The system according to claim 1, wherein the sound
quality index is any one of a powerful index, a pleasant
index, a dynamic index, or a sporty index.

7. The system according to claim 1, wherein the sound
output device is at least one of a speaker in an engine room,
a speaker in the vehicle interior, or a speaker outside the
vehicle.

8. The system according to claim 1, further comprising a
proportional-integral-differential (PID) controller for con-
trolling the sound output device such that the engine sound
is reinforced by the reinforcing sound due to output of the
engine tone.

9. The system according to claim 1, wherein the reinforc-
ing sound and the target tone are stored as data and rein-
forcing the engine sound is implemented based on the stored
data.

10. The system according to claim 9, wherein the stored
data is active sound design (ASD).

11. The system according to claim 1, wherein information
of the sound source characteristics of the engine sound is an
engine noise characteristic of at least one of engine vibra-
tion, combustion pressure, boost pressure, or exhaust pres-
sure.

12. The system according to claim 2, wherein the vehicle
driving information is an engine noise characteristic of at
least one of vehicle speed, pedaling, engine speed, or a
driving mode.

13. The system according to claim 1, wherein input
variables of the artificial intelligence comprise at least one of
plural vehicle sound characteristics, a target tone requested
by the driver, and a driving pattern of the driver.

14. A method for controlling an engine tone by an
artificial intelligence based on a sound quality index of a
vehicle, comprising:

outputting a sound having an engine tone calculated by a

signal processing controller based on at least one of
vehicle driving information, engine noise characteristic
information, or interior noise information,
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wherein the signal processing controller performs opti-
mizing an index of the sound based on the artificial
intelligence.

15. The method according to claim 14, wherein the sound
quality index is output as output variables of the artificial
intelligence when an engine order array and an engine order
level are changed.

16. The method according to claim 14, wherein a control
value satisfying the output sound quality index is output in
the vehicle interior through a speaker.

17. The method according to claim 14, wherein the output
engine sound of the vehicle interior is monitored to calculate
a changed sound quality index, and feedback control is
performed again.

18. The method according to claim 14, wherein the engine
noise characteristic information is an engine noise charac-
teristic of at least one of engine vibration, combustion
pressure, boost pressure, or exhaust pressure.

19. The method according to claim 14, wherein the
vehicle driving information is an engine noise characteristic
of at least one of vehicle speed, pedaling, engine speed, or
a driving mode.

20. The method according to claim 14, input variables of
the artificial intelligence comprise at least one of plural
vehicle sound characteristics, a target tone requested by the
driver, and a driving pattern of the driver.

#* #* #* #* #*
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