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METHOD AND SYSTEM FOR OPTIMIZING AND DESIGNING LOW IN-VEHICLE
NOISE

[0001] This application claims priority to Chinese Patent Application No. 202011028783.6,
tited "METHOD AND SYSTEM FOR OPTIMIZING AND DESIGNING LOW IN-
VEHICLE NOISE", filed on September 25, 2020 with the China National Intellectual Property

Administration, which is incorporated herein by reference in its entirety.

FIELD
[0002] The present disclosure relates to the technical field of acoustic simulation, and in

particular to a method and a system for optimizing and designing low in-vehicle noise.

BACKGROUND
[0003] With the rapid development of rail transit, a problem of noise of a rail transit vehicle
is noticed. The noise of a rail transit vehicle usually includes off-vehicle noise and in-vehicle

noise.

[0004] There are two methods mainly applied for researching noise of a rail transit vehicle,
I.e., experimental analysis method and numerical simulation analysis method. In a process of
controlling the in-vehicle noise by the experimental analysis method to improve an acoustic
environment in a vehicle, many attempts and tests are performed to achieve the purpose of
optimizing the in-vehicle noise. However, the experimental analysis method has problems of
long period and high cost. In a process of controlling the in-vehicle noise by the numerical
simulation analysis method, an experienced acoustic system engineer usually estimates a sound
transmission loss required for each part of a body structure and sound source emitted from each
device based on a target value of the in-vehicle noise in a vehicle design stage, and guides a
low noise design for the vehicle based on the estimated value, thereby achieving the purpose of
optimizing the in-vehicle noise. However, the numerical simulation analysis method
significantly depends on subjective experience of the acoustic system engineer, and thus has

problems of strong subjectivity and being prone to deviation.
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[0005] It can be seen that the existing methods for optimizing and designing low in-vehicle

noise has problems of long period, high cost, strong subjectivity, and being prone to deviation.

SUMMARY

[0006] In view of this, a method and a system for optimizing and designing low in-vehicle
noise is provided according embodiments of the present disclosure, in order to solve the
problems of long period, high cost, strong subjectivity, and being prone to deviation existing in

the conventional solution for optimizing the in-vehicle noise.

[0007] Technical solutions to achieve the objective are provided as follows according to

embodiments of the present disclosure.

[0008] According a first aspect of the present disclosure, a method for optimizing and

designing low in-vehicle noise is provided. The method includes:

acquiring sound source distribution characteristics corresponding to different regions of a
to-be-designed vehicle and sound source devices respectively, and establishing an in-vehicle
noise simulation-prediction-analysis model based on the sound source distribution

characteristics;

performing noise prediction based on the in-vehicle noise simulation-prediction-analysis

model iteratively until a predicted noise value L satisfying a minimum total cost for in-

psi

vehicle noise reduction is outputted and a difference between the predicted noise value Lpsi

and a target noise value L. is less than a preset difference, where the noise prediction is

pi
performed by taking a sound transmission loss -I_Li of each of the different regions of the to-
be-designed vehicle and a sound power ij of each of the sound source devices as an input
to the in-vehicle noise simulation-prediction-analysis model, the noise prediction starts with an
input of initial sound transmission losses and initial sound powers and iterates under a constraint
on a total cost for in-vehicle noise reduction, and where the constraint on a total cost for in-

vehicle noise reduction is expressed as

I‘pi < I—psi

ATL, >0,
AL, >0
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where Lpi represents the target noise value, ATI_i represents an increment of the sound
transmission loss of each of the different regions of the to-be-designed vehicle, ALW
represents a decrement of the sound power of each of the sound source devices, | ranges from
1 to M, where M represents a total number of the different regions of the to-be-designed vehicle
and is a positive integer greater than 1, and J ranges from 1 to N, where N represents a total
number of the sound source devices of the to-be-designed vehicle and is a positive integer

greater than 1;

acquiring a design parameter of each of the different regions of the to-be-designed vehicle
and a design parameter of each of the sound source devices which are used to obtain the

predicted noise value Lpsi ;and

designing a vehicle based on the design parameter of each of the different regions of the

to-be-designed vehicle and the design parameter of each of the sound source devices.

[0009] In a preferred embodiment, a process of performing the noise prediction based on the
in-vehicle noise simulation-prediction-analysis model iteratively with starting with the input of
the initial sound transmission losses and the initial sound powers and being under the constraint

on a total cost for in-vehicle noise reduction includes:

acquiring initial design parameters of the vehicle, where the initial design parameters of
the vehicle include a design parameter of each of the different regions of the vehicle and a

design parameter of each of the sound source devices;

acquiring, based on the design parameter of each of the different regions of the vehicle,

the initial sound transmission loss of the region;

acquiring, based on the design parameter of each of the sound source devices, the initial

sound power of the sound source device;

performing the noise prediction by inputting the initial sound transmission loss of each of
the regions and the initial sound power of each of the sound source devices to the in-vehicle

noise simulation-prediction-analysis model, to obtain an initial predicted noise value;

performing calculation under the constraint on a total cost for in-vehicle noise reduction
and based on a multivariate non-linear programming theory, to obtain the minimum total cost
for in-vehicle noise reduction, the increment ATLi of the sound transmission loss of each of

the different regions under the minimum total cost for in-vehicle noise reduction, and the
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decrement ALW of the sound power of each of the sound source devices under the minimum

total cost for in-vehicle noise reduction;

determining an acoustic requirement indicated by the increment ATI_i of the sound
transmission loss of each of the different regions under the minimum total cost for in-vehicle
noise reduction and an acoustic requirement indicated by the decrement ALW of the sound
power of each of the sound source devices under the minimum total cost for in-vehicle noise

reduction;

determining, based on the acoustic requirements, a design parameter and a new sound
transmission loss corresponding to a noise reduction scheme for each of the different regions,

and a design parameter and a new sound power of each of the sound source devices; and

performing the noise prediction by inputting the new sound transmission losses and the
new sound powers to the in-vehicle noise simulation-prediction-analysis model, until the

predicted noise value L satisfying the minimum total cost for in-vehicle noise reduction is

psi

outputted and the difference between the predicted noise value L . andthe target noise value

psi
Lpi is less than the preset difference.

[0010] In a preferred embodiment, a process of performing calculation under the constraint
on a total cost for in-vehicle noise reduction and based on the multivariate non-linear
programming theory, to obtain the minimum total cost for in-vehicle noise reduction, the
increment ATLi of the sound transmission loss of each of the different regions under the
minimum total cost for in-vehicle noise reduction, and the decrement ALW of the sound
power of each of the sound source devices under the minimum total cost for in-vehicle noise

reduction includes:

calculating the minimum total cost for in-vehicle noise reduction under the constraint on

a total cost for in-vehicle noise reduction, based on an equation expressing the total cost for in-

M N
vehicle noise reduction as f:Z kiATLi +ijALW with adjusting values of the
i=1 j=1

increment ATLi of the sound transmission loss of each of the different regions and the
decrement ALW of the sound power of each of the sound source devices, where ki
represents a cost corresponding to the increment ATLi of the sound transmission loss, and
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K j represents a cost corresponding to the decrement ALW of the sound power; and

determining the increment ATL, of the sound transmission loss of each of the different
regions under the minimum total cost for in-vehicle noise reduction, and the decrement ALW
of the sound power of each of the sound source devices under the minimum total cost for in-

vehicle noise reduction.

[0011] In a preferred embodiment, the sound transmission losses of the different regions
include a sound transmission loss of any one or more of following regions of the vehicle: a floor,
a side wall, a roof, an end wall, a passenger compartment side door, a driver's cab door, a

window, a windshield, and a front end of the driver's cab.

[0012] In a preferred embodiment, the sound powers of the sound source devices include a
sound power of any one or more of a wheel and rail, an air conditioner, a traction converter, an

auxiliary converter, a traction motor, an air compressor, and a gear box.

[0013] According to a second aspect of the present disclosure, a system for optimizing and

designing low in-vehicle noise is provided. The system includes:

an establishing unit, configured to acquire sound source distribution characteristics
corresponding to different regions of a to-be-designed vehicle and sound source devices
respectively, and establish an in-vehicle noise simulation-prediction-analysis model based on

the sound source distribution characteristics;

an output unit, configured to perform noise prediction based on the in-vehicle noise

simulation-prediction-analysis model iteratively until a predicted noise value L satisfying

psi
a minimum total cost for in-vehicle noise reduction is outputted and a difference between the

predicted noise value L . anda target noise value Lpi is less than a preset difference,

psi
where the noise prediction is performed by taking a sound transmission loss TLi of each of
the different regions of the to-be-designed vehicle and a sound power ij of each of the
sound source devices as an input to the in-vehicle noise simulation-prediction-analysis model,
the noise prediction starts with an input of initial sound transmission losses and initial sound
powers and iterates under a constraint on a total cost for in-vehicle noise reduction, and where

the constraint on a total cost for in-vehicle noise reduction is expressed as
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L, <L
ATL, >0,
AL, >0

where Lpi represents the target noise value, ATL; represents an increment of the
sound transmission loss of each of the different regions of the to-be-designed vehicle, ALW
represents a decrement of the sound power of each of the sound source devices, | ranges
from 1 to M, where M represents a total number of the different regions of the to-be-designed
vehicle and is a positive integer greater than 1, and ] ranges from 1 to N, where N represents
a total number of the sound source devices of the to-be-designed vehicle and is a positive integer

greater than 1;

an acquiring unit, configured to acquire a design parameter of each of the different regions
of the to-be-designed vehicle and a design parameter of each of the sound source devices which

are used to obtain the predicted noise value Lpsi ; and

a design unit, configured to design a vehicle based on the design parameter of each of the
different regions of the to-be-designed vehicle and the design parameter of each of the sound

source devices.

[0014] In a preferred embodiment, the output unit that performs the noise prediction based
on the in-vehicle noise simulation-prediction-analysis model iteratively with starting with the
input of the initial sound transmission losses and the initial sound powers and being under the

constraint on a total cost for in-vehicle noise reduction includes:

a first acquiring module configured to acquire initial design parameters of the vehicle,
where the initial design parameters of the vehicle include a design parameter of each of the

different regions of the vehicle and a design parameter of each of the sound source devices;

a second acquiring module configured to acquire, based on the design parameter of each

of the different regions of the vehicle, the initial sound transmission loss of the region;

a third acquiring module configured to acquire, based on the design parameter of each of

the sound source devices, the initial sound power of the sound source device;

a predicting module configured to perform the noise prediction by inputting the initial

sound transmission loss of each of the regions and the initial sound power of each of the sound
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source devices to the in-vehicle noise simulation-prediction-analysis model, to obtain an initial

predicted noise value;

a calculating module configured to perform calculation under the constraint on a total cost
for in-vehicle noise reduction and based on a multivariate non-linear programming theory, to
obtain the minimum total cost for in-vehicle noise reduction, the increment ATLi of the
sound transmission loss of each of the different regions under the minimum total cost for in-
vehicle noise reduction, and the decrement ALW of the sound power of each of the sound

source devices under the minimum total cost for in-vehicle noise reduction;

a first determining module configured to determine an acoustic requirement indicated by
the increment ATLi of the sound transmission loss of each of the different regions under the
minimum total cost for in-vehicle noise reduction and an acoustic requirement indicated by the
decrement ALW of the sound power of each of the sound source devices under the minimum

total cost for in-vehicle noise reduction;

a second determining module configured to determine, based on the acoustic requirements,
a design parameter and a new sound transmission loss corresponding to a noise reduction
scheme for each of the different regions, and a design parameter and a new sound power of

each of the sound source devices; and

an output module configured to perform the noise prediction by inputting the new sound
transmission losses and the new sound powers to the in-vehicle noise simulation-prediction-

analysis model, until the predicted noise value L satisfying the minimum total cost for in-

psi

vehicle noise reduction is outputted and the difference between the predicted noise value Lpsi

and the target noise value L . is less than the preset difference.

pi
[0015] In a preferred embodiment, the calculating module includes:
a calculating sub-module configured to calculate the minimum total cost for in-vehicle

noise reduction under the constraint on a total cost for in-vehicle noise reduction, based on an

equation  expressing the total cost for in-vehicle noise reduction as

M N
f :Z KATL, + ijALW with adjusting values of the increment ATL, of the sound

i=1 j=1

transmission loss of each of the different regions and the decrement ALW of the sound power
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of each of the sound source devices, where ki represents a cost corresponding to the
increment ATLi of the sound transmission loss, and kj represents a cost corresponding
to the decrement ALW of the sound power; and

a determining sub-module configured to determine the increment ATLi of the sound
transmission loss of each of the different regions under the minimum total cost for in-vehicle
noise reduction, and the decrement ALW of the sound power of each of the sound source

devices under the minimum total cost for in-vehicle noise reduction.

[0016] According to the above technical solutions, a noise prediction is performed iteratively
based on the in-vehicle noise simulation-prediction-analysis model, which guarantees to obtain

a predicted noise value L .. that has no deviation and satisfies a minimum total cost for in-

psi
vehicle noise reduction, so that the method for optimizing and designing low in-vehicle noise
has a short period, low cost and is not prone to deviation. In addition, the method does not
require any subjective experience from a designer for vehicle design, and thereby has no

subjectivity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] For clearer illustration of the technical solutions according to embodiments of the
present disclosure or conventional techniques, hereinafter are briefly described the drawings to
be applied in embodiments of the present disclosure or conventional technology. Apparently,
the drawings in the following descriptions are only some embodiments of the present disclosure,
and those skilled in the art can derive other drawings from these drawings without any creative

effort.

[0018] Figure 1 is a schematic flow chart of a method for optimizing and designing low in-

vehicle noise according to an embodiment of the present disclosure;

[0019] Figure 2 is a schematic flow chart of a process of performing noise prediction based
on an in-vehicle noise simulation-prediction-analysis model iteratively according to an

embodiment of the present disclosure;

[0020] Figure 3 is a schematic diagram showing a vehicle design according to an embodiment

of the present disclosure; and
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[0021] Figure 4 is a schematic structural diagram of a system for optimizing and designing

low in-vehicle noise according to an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0022] The technical solutions in the embodiments of the present disclosure are clearly and
completely described in the following with reference to the accompanying drawings in the
embodiments of the present disclosure. Apparently, the embodiments described herein are only
a part rather than all of the embodiments of the present disclosure. Any other embodiments
obtained by those skilled in the art based on the embodiments in the present disclosure without

any creative work fall within the protection scope of the present disclosure.

[0023] In this specification, terms "include”, "comprise” or any other variants thereof are
intended to be non-exclusive. Therefore, a process, method, article or device including a series
of elements includes not only these elements but also elements that are not enumerated, or
elements that are inherent to the process, method, article or device. Unless expressively limited
otherwise, a process, method, article or device limited by "comprising/including a(n) ..." does

not exclude existence of another identical element in such process, method, article or device.

[0024] As described in the background section, there are two methods mainly applied for
researching noise of a rail transit vehicle, i.e., experimental analysis method and numerical
simulation analysis method. However, the experimental analysis method has problems of long
period and high cost; and the numerical simulation analysis method significantly depends on
subjective experience of the acoustic system engineer, and thus has problems of strong

subjectivity and being prone to deviation.

[0025] As can be seen, the existing methods for optimizing and designing in-vehicle noise

has problems of long period, high cost, strong subjectivity, and being prone to deviation.

[0026] To solve the problems, a method and a system for optimizing and designing low in-
vehicle noise are provided, which perform noise prediction based on an in-vehicle noise

simulation-prediction-analysis model iteratively to obtain a predicted noise value L .. that

psi
has no deviation and satisfies a minimum total cost for in-vehicle noise reduction, so as to
achieve an objective that the method for optimizing and designing low in-vehicle noise has a

short period, low cost and is not prone to deviation. In addition, the method does not require
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any subjective experience from a designer for vehicle design, and thereby has no subjectivity.
The present disclosure solves the problems of long period, high cost, strong subjectivity and
easy deviation in the existing solution for optimizing in-vehicle noise. Specific implementations

are described in the following embodiments.

[0027] Figure 1 is a schematic flow chart of a method for optimizing and designing low in-
vehicle noise according to an embodiment of the present disclosure. As shown in Figure 1, the

method includes steps S101 to S104 as follows.

[0028] In step S101, acquire sound source distribution characteristics corresponding to
different regions of a to-be-designed vehicle and sound source devices respectively, and
establish an in-vehicle noise simulation-prediction-analysis model based on the sound source

distribution characteristics.

[0029] In a specific implementation of step S101, the in-vehicle noise simulation-prediction-
analysis model is established based on a statistical energy analysis theory and the sound source
distribution characteristics corresponding to the different regions of the to-be-designed vehicle

and the sound source devices.

[0030] The different regions of the to-be designed vehicle include a floor, a side wall, a roof,
an end wall, a passenger compartment side door, a driver's cab door, a window, a windshield, a
front end of the driver's cab, and the like. The sound source devices include: a wheel and rail,
an air conditioner, a traction converter, an auxiliary converter, a traction motor, an air

compressor, a gear box, and other auxiliary devices.

[0031] The sound source distribution characteristics are related to the different regions of the
to-be-designed vehicle and positions of the sound source devices. The different regions of the
to-be designed vehicle correspond to different sound source distribution characteristics, and the
sound source devices at different positions correspond to different sound source distribution
characteristics. When the different regions of the to-be-designed vehicle and positions of the
sound source devices are determined, the sound source distribution characteristics
corresponding to the different regions of to-be-designed vehicle and the sound source devices

may be determined.

[0032] An example is provided to facilitate understanding a process of acquiring sound

source distribution characteristics corresponding to different regions of a to-be-designed vehicle
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and sound source devices. For example, in a case where a sound source device is an air
conditioner mounted on a side wall, a sound source distribution characteristic corresponding to

such case may be obtained.

[0033] In step S102, perform noise prediction based on the in-vehicle noise simulation-

prediction-analysis model iteratively until a predicted noise value L satisfying a minimum

psi
total cost for in-vehicle noise reduction is outputted and a difference between the predicted

noise value L_. and a target noise value L . is less than a preset difference. The noise

psi pi
prediction is performed by taking a sound transmission loss TLi of each of the different
regions of the to-be-designed vehicle and a sound power ij of each of the sound source
devices as an input to the in-vehicle noise simulation-prediction-analysis model, the noise
prediction starts with an input of initial sound transmission losses and initial sound powers and

iterates under a constraint on a total cost for in-vehicle noise reduction.

[0034] In step S102, the constraint on a total cost for in-vehicle noise reduction is expressed

as

Ly <L

ATL, >0,
AL, >0

where Lpi represents the target noise value, ATLi represents an increment of the
sound transmission loss of each of the different regions of the to-be-designed vehicle, ALW
represents a decrement of the sound power of each of the sound source devices, | ranges from
1to M, where M represents a total number of the different regions of the to-be-designed vehicle
and is a positive integer greater than 1, and ] ranges from 1 to N, where N represents a total
number of the sound source devices of the to-be-designed vehicle and is a positive integer

greater than 1.

[0035] It should be noted that the sound transmission losses TLi of the different regions
include a sound transmission loss of any one or more of following regions of the vehicle: a floor,
a side wall, a roof, an end wall, a passenger compartment side door, a driver's cab door, a

window, a windshield, and a front end of the driver's cab.

[0036] The sound powers ij of the sound source devices include a sound power of any

one or more of a wheel and rail, an air conditioner, a traction converter, an auxiliary converter,
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a traction motor, an air compressor, and a gear box.

[0037] The initial sound transmission losses are determined based on initial design
parameters of the different regions of the vehicle. The initial sound powers are determined based
on initial design parameters of the sound sources devices. The preset difference may be equal

to 3, 5 or the like, which is set based on an actual situation and is not specifically limited herein.

[0038] In step S103, acquire a design parameter of each of the different regions of the to-be-
designed vehicle and a design parameter of each of the sound source devices which are used to

obtain the predicted noise value Lpsi :

[0039] Inaspecific implementation of step S103, the predicted noise value L .. isobtained

psi
when the minimum total cost for in-vehicle noise reduction is satisfied, and the design
parameter of each of the different regions of the to-be-designed vehicle and the design
parameter of each of the sound source devices used to obtain the predicted noise value Lpsi
are acquired.

[0040] Inanembodiment, the design parameters of the different regions of the to-be-designed
vehicle used to obtain the predicted noise value Lpsi include: a thickness and material of the
floor of the vehicle, a thickness and material of the side wall of the vehicle, a thickness and
material of the roof of the vehicle, a thickness and material of the end wall of the vehicle, a
thickness and material of the passenger compartment side door of the vehicle, a thickness and
material of the driver's cab door of the vehicle, a thickness and material of the window of the
vehicle, a thickness and material of the windshield of the vehicle, and a thickness and material

of the front end of the driver's cab of the vehicle.

[0041] The design parameters of the sound source devices of the to-be-designed vehicle used

to obtain the predicted noise value L .. include: the sound power of the wheel and rail of the

psi
vehicle, the sound power of the air conditioner of the vehicle, the sound power of the traction
converter of the vehicle, the sound power of the auxiliary converter of the vehicle, the sound
power of the traction motor of the vehicle, the sound power of the air compressor of the vehicle,

and the sound power of the gear box of the vehicle.

[0042] In step S104, design a vehicle based on the design parameter of each of the different
regions of the to-be-designed vehicle and the design parameter of each of the sound source

devices.
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[0043] The vehicle is designed based on the design parameter of each of the different regions
of the to-be-designed vehicle and the design parameter of each of the sound source devices, so

as to optimize the in-vehicle noise with the minimum total cost for in-vehicle noise reduction.

[0044] Specifically, the vehicle is designed based on the following design parameters of the
to-be-designed vehicle: the thickness and material of regions of the vehicle such as the floor,
the side wall, the roof, the end wall, the passenger compartment side door, the driver's cab door,
the window, the windshield and the front end of the driver's cab; and the sound power of
auxiliary devices of the vehicle such as the wheel and rail, the air conditioner, the traction

converter, the auxiliary converter, the traction motor, the air compressor, and the gear box.

[0045] In the method for optimizing and designing low in-vehicle noise according to the
embodiments of the present disclosure, noise prediction is performed based on the in-vehicle
noise simulation-prediction-analysis model iteratively to obtain a predicted noise value Lpsi
that has no deviation and takes a minimum total cost for in-vehicle noise reduction, so that the
method for optimizing and designing low in-vehicle noise has a short period, low cost, and is
not prone to deviation. In addition, the method does not require any subjective experience from

a designer for vehicle design, and thereby has no subjectivity.

[0046] In the method for optimizing and designing low in-vehicle noise disclosed in Figure
1 according to an embodiment of the present disclosure, step S102 involves a process of
performing the noise prediction based on the in-vehicle noise simulation-prediction-analysis
model iteratively with starting with the input of the initial sound transmission losses and the
initial sound powers and being under the constraint on a total cost for in-vehicle noise reduction.
Figure 2 shows a schematic flow chart of the process of performing noise prediction based on
the in-vehicle noise simulation-prediction-analysis model iteratively. As shown in Figure 2, the

process includes steps S201 to S208 as follows.
[0047] Instep S201, acquire initial design parameters of the vehicle.

[0048] The initial design parameters of the vehicle include a design parameter of each of the

different regions of the vehicle and a design parameter of each of the sound source devices.

[0049] The design parameters of the different regions of the vehicle include a thickness and
material of the following regions of the vehicle: a floor, a side wall, a roof, an end wall, a

passenger compartment side door, a driver's cab door, a window, a windshield, a front end of
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the driver's cab.

[0050] The design parameters of the sound source devices include a sound power of the
following sound source devices of the vehicle: a wheel and rail, an air conditioner, a traction

converter, an auxiliary converter, a traction motor, an air compressor, a gear box.

[0051] Instep S202, acquire, based on the design parameter of each of the different regions

of the vehicle, the initial sound transmission loss of the region.

[0052] Instep S202, the initial sound transmission loss depends on an initial design parameter

of the different regions of the vehicle.

[0053] Anexample is provided to facilitate understanding the process of acquiring the initial
sound transmission loss of each of the regions based on the design parameter of the region of
the vehicle in step S202. For example, it is determined, based on the thickness and material of
a side wall of the vehicle, that the initial sound transmission loss of the side wall of the vehicle
is 20db; and it is determined, based on the thickness and material of a roof of the vehicle, that

the initial sound transmission loss of the roof of the vehicle is 35db.

[0054] In step S203, acquire, based on the design parameter of each of the sound source

devices, the initial sound power of the sound source device.

[0055] The initial sound power depends on an initial design parameter of the sound source

device.

[0056] Anexample is provided to facilitate understanding the process of acquiring the initial
sound power of each of the sound source devices based on the design parameter of the sound
source device in step S203. For example, it is determined that the initial sound power of the
sound source device being a wheel and rail is 110db based on the sound source device being a
wheel and rail, and it is determined that the initial sound transmission loss of the sound source
device being an air conditioner is 76db based on the sound source device being an air

conditioner.

[0057] In step S204, perform the noise prediction by inputting the initial sound transmission
loss of each of the regions and the initial sound power of each of the sound source devices to
the in-vehicle noise simulation-prediction-analysis model, to obtain an initial predicted noise

value.

[0058] Since the predicted noise value that satisfies the minimum total cost for in-vehicle
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noise reduction is required to be outputted, it is required to input the initial sound transmission
loss of each of the regions and the initial sound power of each of the sound source devices to
the in-vehicle noise simulation-prediction-analysis model for noise prediction to obtain an
initial predicted noise value, and then the noise prediction is performed based on the in-vehicle
noise simulation-prediction-analysis model iteratively with starting with the initial sound

transmission losses and the initial sound powers, until the predicted noise value L . that

psi
satisfies the minimum total cost for in-vehicle noise reduction is outputted.

[0059] In step S205, perform calculation under the constraint on a total cost for in-vehicle
noise reduction and based on a multivariate non-linear programming theory, to obtain the
minimum total cost for in-vehicle noise reduction, the increment ATI_i of the sound
transmission loss of each of the different regions under the minimum total cost for in-vehicle
noise reduction, and the decrement ALW of the sound power of each of the sound source

devices under the minimum total cost for in-vehicle noise reduction.

[0060] Specifically, a process of obtaining the minimum total cost for in-vehicle noise
reduction, the increment ATLi of the sound transmission loss of each of the different regions
under the minimum total cost for in-vehicle noise reduction, and the decrement ALW of the
sound power of each of the sound source devices under the minimum total cost for in-vehicle

noise reduction is described as follows.

[0061] First, the minimum total cost for in-vehicle noise reduction is calculated under the

constraint on a total cost for in-vehicle noise reduction, based on an equation expressing the

M N
total cost for in-vehicle noise reduction as f:Z kiATLi +ijALW with adjusting
i=1 j=1

values of the increment ATLi of the sound transmission loss of each of the different regions
and the decrement ALW of the sound power of each of the sound source devices. Then, the
increment A-I_l_i of the sound transmission loss of each of the different regions under the

minimum total cost for in-vehicle noise reduction, and the decrement ALW of the sound

power of each of the sound source devices under the minimum total cost for in-vehicle noise

reduction are determined.
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[0062] In the description, f represents the total cost for in-vehicle noise reduction, ki
represents a cost corresponding to the increment A-I_l_i of the sound transmission loss, and

K j represents a cost corresponding to the decrement ALW of the sound power. The

minimum total cost for in-vehicle noise reduction indicates an optimized situation regarding

the total cost for in-vehicle noise reduction.

[0063] An example is provided to facilitate understanding the process of adjusting the
increment ATLi of the sound transmission loss. For example, a value of the sound
transmission loss of a floor is 10db and is required to be increased to 12db, then the increment

ATLi of the sound transmission loss of the floor is calculated as 12db-10db=2db. An example

is provided to facilitate understanding the process of adjusting the decrement ALW of the
sound power of the sound source device. For example, a value of the sound power of an air
conditioner is 110db and is required to be decreased to 100db, then the decrement ALW of

the sound power of the air conditioner is calculated as 110db-100db=10db.

[0064] In step S206, determine an acoustic requirement indicated by the increment of the
sound transmission loss of each of the different regions under the minimum total cost for in-
vehicle noise reduction and an acoustic requirement indicated by the decrement of the sound
power of each of the sound source devices under the minimum total cost for in-vehicle noise

reduction.

[0065] Instep S206, a first acoustic requirement of each of the different regions indicated by
the increment. ATL; of the sound transmission loss of the region under the minimum total
cost is acquired, and a second acoustic requirement of each of the sound source devices
indicated by the decrement ALW of the sound power of the sound source device under the
minimum total cost is required. The first acoustic requirement characterizes the sound
transmission loss of the region under the minimum cost for in-vehicle noise reduction. The
second acoustic requirement characterizes the sound power of the sound source device under

the minimum cost for in-vehicle noise reduction.
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[0066] In step S207, determine, based on the acoustic requirements, a design parameter and
a new sound transmission loss corresponding to a noise reduction scheme for each of the
different regions, and a design parameter and a new sound power of each of the sound source

devices.

[0067] In step S207, a parameter of material for constructing each of the different regions is
acquired based on the noise reduction scheme for the region corresponding to the first acoustic
requirement, and the new sound transmission loss corresponding to the region is acquired based
on the parameter of material. An adjusting parameter of each of the sound source devices is
acquired based on the noise reduction scheme for the sound source device corresponding to the
second acoustic requirement, and the new sound power corresponding to the sound source

device is acquired based on the adjusting parameter.

[0068] An example is provided to facilitate understanding the process of acquiring a
parameter of material for constructing each of the different regions based on the noise reduction
scheme for the region corresponding to the first acoustic requirement and acquiring the new
sound transmission loss corresponding to the region based on the parameter of material in step
S207. For example, if a value of the sound transmission loss of the floor is 42db, the noise
reduction scheme is to apply carbon fiber cotton material with a thickness of 3cm onto the floor
based on the sound transmission loss being 42db, and a value of the new sound transmission

loss of the floor is 35db based on the carbon fiber cotton material with a thickness of 3cm.

[0069] An example is provided to facilitate understanding the process of acquiring an
adjusting parameter of each of the sound source devices based on the noise reduction scheme
for the sound source device corresponding to the second acoustic requirement, and acquiring
the new sound power corresponding to the sound source device based on the adjusting
parameter in step S207. For example, if a value of the sound power of the air conditioner is
76db, the noise reduction scheme is to decreases the sound power of the air conditioner to 50db,
that is, an adjusting parameter of the air conditioner is calculated as 76db-50db=26db, and a
value of the new sound power of the air conditioner is obtained as 50db based on the adjusting

parameter 26db.

[0070] In step S208, perform the noise prediction by inputting the new sound transmission
losses and the new sound powers to the in-vehicle noise simulation-prediction-analysis model,

until the predicted noise value L satisfying the minimum total cost for in-vehicle noise

psi
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reduction is outputted and the difference between the predicted noise value L . and the

psi

target noise value L . is less than the preset difference.

pi
[0071] An example is provided as follows to facilitate understanding of the process of
perform the noise prediction by inputting the new sound transmission losses and the new sound
powers to the in-vehicle noise simulation-prediction-analysis model, until the predicted noise

value L satisfying the minimum total cost for in-vehicle noise reduction is outputted. For

psi
example, the new sound transmission loss and the new sound power are inputted to the in-
vehicle noise simulation-prediction-analysis model for noise prediction, if the difference

between the predicted noise value L . and the target noise value Lpi is greater than or

psi
equal to the preset difference, a second process of acquiring a new sound transmission loss and
anew sound power is performed. In the second process, a parameter of material for constructing
each of the different regions is acquired based on the noise reduction scheme for the region
corresponding to the first acoustic requirement, and a new sound transmission loss
corresponding to the region is acquired based on the parameter of material; and an adjusting
parameter of each of the sound source devices is acquired based on the noise reduction scheme
for the sound source device corresponding to the second acoustic requirement, and a new sound
power corresponding to the sound source device is acquired based on the adjusting parameter.
The new sound transmission loss and new sound power acquired in the second process are
inputted to the in-vehicle noise simulation-prediction-analysis model for noise prediction. The
process is performed repeatedly until the difference between the outputted predicted noise value
I—psi pi
noise value Lpsi satisfying the minimum total cost for in-vehicle noise reduction is outputted.
[0072] According to the embodiment of the present disclosure, an in-vehicle noise reduction

and the target noise value L . is less than the preset difference, then this predicted

scheme is optimized based on a cost consideration by using the non-linear programming theory,
so as to make the noise reduction scheme efficient enough. In this way, acoustic requirements
of different regions of a vehicle are arranged systematically, reasonably and effectively, so that

the designed vehicle has a better noise reduction effect.

[0073] Inthe aforementioned step S104, a vehicle is designed based on the design parameter
of each of the different regions of the to-be-designed vehicle and the design parameter of each

of the sound source devices. Figure 3 is a schematic diagram showing a design of a vehicle.

[0074] In Figure 3, the design parameters of different regions of the to-be-designed vehicle
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include: a thickness and material of a side wall, a thickness and material of a roof, a thickness
and material of a passenger compartment side door, a thickness and material of a driver's cab
door, a thickness and material of a window, a thickness and material of a windshield, a thickness

and material of a front end of the driver's cab, and a thickness and material of other regions.

[0075] The design parameters of the sound source devices of the to-be-designed vehicle
include: a sound power of a wheel and rail of the vehicle, a sound power of an air conditioner
of the vehicle, a sound power of a traction converter of the vehicle, a sound power of an
auxiliary converter of the vehicle, a sound power of a traction motor of the vehicle, a sound
power of an air compressor of the vehicle, a sound power of a gear box of the vehicle, and a

sound power of other auxiliary devices.

[0076] In the embodiment of the present disclosure, a vehicle is designed based on the design
parameters of different regions of the to-be-designed vehicle and the design parameters of the
sound source devices of the to-be-designed vehicle, so as to make a noise reduction scheme
efficient enough. In this way, the vehicle is designed by using the design parameters of different
regions of the to-be-designed vehicle and the design parameters of the sound source devices of
the to-be-designed vehicle in a reasonable and effective manner, without requirement for any

subjective experience from a designer, thereby having no subjectivity.

[0077] Based on the method for optimizing and designing low in-vehicle noise disclosed in
the embodiment referring to Figure 1, a system for optimizing and designing low in-vehicle
noise is disclosed according to an embodiment of the present disclosure. As shown in Figure 4,
the system for optimizing and designing low in-vehicle noise mainly includes an establishing

unit 401, an output unit 402, an acquiring unit 403, and a design unit 404.

[0078] The establishing unit 401 is configured to acquire sound source distribution
characteristics corresponding to different regions of a to-be-designed vehicle and sound source
devices respectively, and establish an in-vehicle noise simulation-prediction-analysis model

based on the sound source distribution characteristics.

[0079] The in-vehicle noise simulation-prediction-analysis model is established based on a
statistical energy analysis theory and the sound source distribution characteristics
corresponding to the different regions of the to-be-designed vehicle and the sound source

devices.
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[0080] The different regions of the to-be designed vehicle mentioned in the description of the
establishing unit 401 include a floor, a side wall, a roof, an end wall, a passenger compartment
side door, a driver's cab door, a window, a windshield, a front end of the driver's cab, and the
like.

[0081] The sound source devices mentioned in the description of the establishing unit 401
include: a wheel and rail, an air conditioner, a traction converter, an auxiliary converter, a

traction motor, an air compressor, a gear box, and other auxiliary devices.

[0082] The sound source distribution characteristics are related to the different regions of the
to-be-designed vehicle and positions of the sound source devices. The different regions of the
to-be designed vehicle correspond to different sound source distribution characteristics, and the
sound source devices at different positions correspond to different sound source distribution

characteristics.

[0083] The output unit 402 is configured to perform noise prediction based on the in-vehicle
noise simulation-prediction-analysis model iteratively until a predicted noise value Lpsi
satisfying a minimum total cost for in-vehicle noise reduction is outputted and a difference

between the predicted noise value L . anda target noise value Lpi is less than a preset

psi
difference, where the noise prediction is performed by taking a sound transmission loss TLi
of each of the different regions of the to-be-designed vehicle and a sound power LWJ- of each
of the sound source devices as an input to the in-vehicle noise simulation-prediction-analysis
model, the noise prediction starts with an input of initial sound transmission losses and initial

sound powers and iterates under a constraint on a total cost for in-vehicle noise reduction.

[0084] The constraint on a total cost for in-vehicle noise reduction is expressed as

ATL, >0,
AL, >0

where Lpi represents the target noise value, ATLi represents an increment of the
sound transmission loss of each of the different regions of the to-be-designed vehicle, ALW
represents a decrement of the sound power of each of the sound source devices, | ranges from
1 to M, where M represents a total number of the different regions of the to-be-designed vehicle

and is a positive integer greater than 1, and ] ranges from 1 to N, where N represents a total
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number of the sound source devices of the to-be-designed vehicle and is a positive integer

greater than 1.

[0085] The sound transmission losses TLi of the different regions include a sound
transmission loss of any one or more of following regions of the vehicle: a floor, a side wall, a
roof, an end wall, a passenger compartment side door, a driver's cab door, a window, a

windshield, and a front end of the driver's cab.

[0086] The sound powers ij of the sound source devices include a sound power of any
one or more of a wheel and rail, an air conditioner, a traction converter, an auxiliary converter,

a traction motor, an air compressor, and a gear box.

[0087] In a further embodiment, the output unit 402 includes a first acquiring module, a
second acquiring module, a third acquiring module, a predicting module, a calculating module,
a determining module, a fourth acquiring module, a fifth acquiring module and an output

module.

[0088] The first acquiring module is configured to acquire initial design parameters of the
vehicle. The initial design parameters of the to-be-designed vehicle include a design parameter
of each of the different regions of the vehicle and a design parameter of each of the sound source

devices.

[0089] The second acquiring module is configured to acquire, based on the design parameter

of each of the different regions of the vehicle, the initial sound transmission loss of the region.

[0090] The third acquiring module is configured to acquire, based on the design parameter of

each of the sound source devices, the initial sound power of the sound source device.

[0091] The predicting module is configured to perform the noise prediction by inputting the
initial sound transmission loss of each of the regions and the initial sound power of each of the
sound source devices to the in-vehicle noise simulation-prediction-analysis model, to obtain an

initial predicted noise value.

[0092] The calculating module is configured to perform calculation under the constraint on a
total cost for in-vehicle noise reduction and based on a multivariate non-linear programming
theory, to obtain the minimum total cost for in-vehicle noise reduction, the increment ATLi
of the sound transmission loss of each of the different regions under the minimum total cost for

in-vehicle noise reduction, and the decrement ALW of the sound power of each of the sound
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source devices under the minimum total cost for in-vehicle noise reduction.

[0093] In a further embodiment, the calculating module includes a calculating sub-module

and a determining sub-module.

[0094] The calculating sub-module is configured to calculate the minimum total cost for in-
vehicle noise reduction under the constraint on a total cost for in-vehicle noise reduction, based
on an equation expressing the total cost for in-vehicle noise reduction as
M N
f :Z kiATLi + ijALW with adjusting values of the increment A-I_l_i of the sound
i=1 j=1
transmission loss of each of the different regions and the decrement ALW of the sound power

of each of the sound source devices,

[0095] where K; represents a cost corresponding to the increment ATLi of the sound

transmission loss, and K i represents a cost corresponding to the decrement ALW of the
sound power.

[0096] The determining sub-module is configured to determine the increment ATL; of the
sound transmission loss of each of the different regions under the minimum total cost for in-
vehicle noise reduction, and the decrement ALW of the sound power of each of the sound

source devices under the minimum total cost for in-vehicle noise reduction.

[0097] The first determining module is configured to determine an acoustic requirement
indicated by the increment ATLi of the sound transmission loss of each of the different
regions under the minimum total cost for in-vehicle noise reduction and an acoustic requirement
indicated by the decrement ALW of the sound power of each of the sound source devices

under the minimum total cost for in-vehicle noise reduction.

[0098] The second determining module is configured to determine, based on the acoustic
requirements, a design parameter and a new sound transmission loss corresponding to a noise
reduction scheme for each of the different regions, and a design parameter and a new sound

power of each of the sound source devices.

[0099] The output module is configured to perform the noise prediction by inputting the new

sound transmission losses and the new sound powers to the in-vehicle noise simulation-

-22.



10

15

20

25

30

prediction-analysis model, until the predicted noise value L satisfying the minimum total

psi
cost for in-vehicle noise reduction is outputted and the difference between the predicted noise

value L . andthe target noise value L . is less than the preset difference.

psi pi
[0100] The acquiring unit 403 is configured to acquire a design parameter of each of the
different regions of the to-be-designed vehicle and a design parameter of each of the sound

source devices which are used to obtain the predicted noise value Lpsi :

[0101] The predicted noise value Lpsi is obtained when the minimum total cost for in-
vehicle noise reduction is satisfied, and the design parameter of each of the different regions of
the to-be-designed vehicle and the design parameter of each of the sound source devices used

to obtain the predicted noise value L . are acquired.

psi
[0102] The design parameters of the different regions of the to-be-designed vehicle used to
obtain the predicted noise value Lpsi include: a thickness and material of the floor of the
vehicle, a thickness and material of the side wall of the vehicle, a thickness and material of the
roof of the vehicle, a thickness and material of the end wall of the vehicle, a thickness and
material of the passenger compartment side door of the vehicle, a thickness and material of the
driver's cab door of the vehicle, a thickness and material of the window of the vehicle, a
thickness and material of the windshield of the vehicle, and a thickness and material of the front

end of the driver's cab of the vehicle.

[0103] The design parameters of the sound source devices of the to-be-designed vehicle used

to obtain the predicted noise value L . include: the sound power of the wheel and rail of the

psi
vehicle, the sound power of the air conditioner of the vehicle, the sound power of the traction
converter of the vehicle, the sound power of the auxiliary converter of the vehicle, the sound
power of the traction motor of the vehicle, the sound power of the air compressor of the vehicle,

and the sound power of the gear box of the vehicle.

[0104] The design unit 404 is configured to design a vehicle based on the design parameter
of each of the different regions of the to-be-designed vehicle and the design parameter of each

of the sound source devices.

[0105] The vehicle is designed based on the design parameter of each of the different regions
of the to-be-designed vehicle and the design parameter of each of the sound source devices,

such that the in-vehicle noise is optimized under the minimum total cost for in-vehicle noise

-23-



10

15

20

25

30

reduction.

[0106] A system for optimizing and designing low in-vehicle noise is provided according to
the embodiments of the present disclosure, in which noise prediction is performed iteratively
based on an in-vehicle noise simulation-prediction-analysis model to obtain a predicted noise

value L that has no deviation and takes a minimum total cost for in-vehicle noise reduction.

psi
The system for optimizing and designing low in-vehicle noise according to the present
disclosure has a short period, low cost, and is not prone to deviation. In addition, the system
does not require any subjective experience from a designer when designing a vehicle, and

thereby has no subjectivity.

[0107] The above method embodiments are described as combinations of a series of actions
for the sake of brevity, but those skilled in the art should understand that the present disclosure
is not limited to the described sequence of the actions, because some of the steps can be
performed in another sequence or concurrently according to the present disclosure. In addition,
those skilled in the art should also understand that embodiments described in the specification
are preferred embodiments. Actions and modules involved in these embodiments are not

necessarily required for the present disclosure.

[0108] It is noted that the embodiments in this specification are described in a progressive
manner. Each embodiment focuses on any difference from others, and the same or similar parts
among the embodiments can be referred to each other. The system embodiment is basically
similar to the method embodiment, and therefore is described briefly, and for related parts,

reference may be made to descriptions of the method embodiment.

[0109] The steps in the method according to the embodiments of the present disclosure may

be adjusted, combined and deleted as needed.

[0110] It should be further noted that, the relationship terms such as "first", "second" and the
like are used herein merely to distinguish one entity or operation from another, rather than to

necessitate or imply existence of the actual relationship or order of the entities or operations.

[0111] Those skilled in the art can implement or practice the present disclosure based on the
above description of the disclosed embodiments. Various modifications to these embodiments
are obvious to those skilled in the art. The general principles defined in the present disclosure

may be implemented in other embodiments without departing from the spirit and scope of the
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present disclosure. Therefore, the present disclosure should not be limited to the embodiments
disclosed herein, but conforms to the widest scope consistent with the principle and novel

features disclosed in the specification.

[0112] The above description is only preferable embodiments of the present disclosure. It
should be noted that those skilled in the art can make improvements and modifications without
departing from the principle of the present disclosure. These improvements and modifications

shall also fall within the protection scope of the present disclosure.
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CLAIMS

1. A method for optimizing and designing low in-vehicle noise, comprising:

acquiring sound source distribution characteristics corresponding to different regions of a
to-be-designed vehicle and sound source devices respectively, and establishing an in-vehicle
noise simulation-prediction-analysis model based on the sound source distribution

characteristics;

performing noise prediction based on the in-vehicle noise simulation-prediction-analysis

model iteratively until a predicted noise value L satisfying a minimum total cost for in-

psi

vehicle noise reduction is outputted and a difference between the predicted noise value Lpsi

and a target noise value L . is less than a preset difference, wherein the noise prediction is

|
performed by taking a sounc:I) transmission loss TLi of each of the different regions of the to-
be-designed vehicle and a sound power ij of each of the sound source devices as an input
to the in-vehicle noise simulation-prediction-analysis model, the noise prediction starts with an
input of initial sound transmission losses and initial sound powers and iterates under a constraint
on a total cost for in-vehicle noise reduction, and wherein the constraint on a total cost for in-

vehicle noise reduction is expressed as

L. <L

pi psi

ATL, >0,
AL, >0

where Lpi represents the target noise value, ATLi represents an increment of the sound
transmission loss of each of the different regions of the to-be-designed vehicle, ALW
represents a decrement of the sound power of each of the sound source devices, | ranges from
1 to M, where M represents a total number of the different regions of the to-be-designed vehicle
and is a positive integer greater than 1, and ] ranges from 1 to N, where N represents a total
number of the sound source devices of the to-be-designed vehicle and is a positive integer

greater than 1;

acquiring a design parameter of each of the different regions of the to-be-designed vehicle
and a design parameter of each of the sound source devices which are used to obtain the

predicted noise value L :and

psi -
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designing a vehicle based on the design parameter of each of the different regions of the

to-be-designed vehicle and the design parameter of each of the sound source devices.

2. The method according to claim 1, wherein a process of performing the noise prediction
based on the in-vehicle noise simulation-prediction-analysis model iteratively with starting with
the input of the initial sound transmission losses and the initial sound powers and being under

the constraint on a total cost for in-vehicle noise reduction comprises:

acquiring initial design parameters of the vehicle, wherein the initial design parameters of
the vehicle comprise a design parameter of each of the different regions of the vehicle and a

design parameter of each of the sound source devices;

acquiring, based on the design parameter of each of the different regions of the vehicle,

the initial sound transmission loss of the region;

acquiring, based on the design parameter of each of the sound source devices, the initial

sound power of the sound source device;

performing the noise prediction by inputting the initial sound transmission loss of each of
the regions and the initial sound power of each of the sound source devices to the in-vehicle

noise simulation-prediction-analysis model, to obtain an initial predicted noise value;

performing calculation under the constraint on a total cost for in-vehicle noise reduction
and based on a multivariate non-linear programming theory, to obtain the minimum total cost
for in-vehicle noise reduction, the increment ATI_i of the sound transmission loss of each of
the different regions under the minimum total cost for in-vehicle noise reduction, and the
decrement ALW of the sound power of each of the sound source devices under the minimum

total cost for in-vehicle noise reduction;

determining an acoustic requirement indicated by the increment ATLi of the sound
transmission loss of each of the different regions under the minimum total cost for in-vehicle
noise reduction and an acoustic requirement indicated by the decrement ALW of the sound
power of each of the sound source devices under the minimum total cost for in-vehicle noise

reduction;

determining, based on the acoustic requirements, a design parameter and a new sound
transmission loss corresponding to a noise reduction scheme for each of the different regions,

and a design parameter and a new sound power of each of the sound source devices; and
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performing the noise prediction by inputting the new sound transmission losses and the
new sound powers to the in-vehicle noise simulation-prediction-analysis model, until the

predicted noise value L satisfying the minimum total cost for in-vehicle noise reduction is

psi

outputted and the difference between the predicted noise value L . andthe target noise value

psi
Lpi Is less than the preset difference.

3. The method according to claim 2, wherein a process of performing calculation under
the constraint on a total cost for in-vehicle noise reduction and based on the multivariate non-
linear programming theory, to obtain the minimum total cost for in-vehicle noise reduction, the
increment ATI_i of the sound transmission loss of each of the different regions under the
minimum total cost for in-vehicle noise reduction, and the decrement ALW of the sound
power of each of the sound source devices under the minimum total cost for in-vehicle noise

reduction comprises:

calculating the minimum total cost for in-vehicle noise reduction under the constraint on

a total cost for in-vehicle noise reduction, based on an equation expressing the total cost for in-

M N
vehicle noise reduction as f=) KATL + > K,AL, with adjusting values of the

i=1 j=1
increment ATI_i of the sound transmission loss of each of the different regions and the
decrement ALW of the sound power of each of the sound source devices, where ki
represents a cost corresponding to the increment ATLi of the sound transmission loss, and

k j represents a cost corresponding to the decrement ALW of the sound power; and

determining the increment ATL, of the sound transmission loss of each of the different
regions under the minimum total cost for in-vehicle noise reduction, and the decrement ALW
of the sound power of each of the sound source devices under the minimum total cost for in-

vehicle noise reduction.

4. The method according to claim 1, wherein the sound transmission losses of the different
regions comprise a sound transmission loss of any one or more of following regions of the
vehicle: a floor, a side wall, a roof, an end wall, a passenger compartment side door, a driver's

cab door, a window, a windshield, and a front end of the driver's cab.
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5. The method according to claim 1, wherein the sound powers of the sound source devices
comprise a sound power of any one or more of a wheel and rail, an air conditioner, a traction

converter, an auxiliary converter, a traction motor, an air compressor, and a gear box.
6. A system for optimizing and designing low in-vehicle noise, comprising:

an establishing unit, configured to acquire sound source distribution characteristics
corresponding to different regions of a to-be-designed vehicle and sound source devices
respectively, and establish an in-vehicle noise simulation-prediction-analysis model based on

the sound source distribution characteristics;

an output unit, configured to perform noise prediction based on the in-vehicle noise

simulation-prediction-analysis model iteratively until a predicted noise value L satisfying

psi
a minimum total cost for in-vehicle noise reduction is outputted and a difference between the

predicted noise value L . anda target noise value L . s less than a preset difference,

psi pi
wherein the noise prediction is performed by taking a sound transmission loss TLi of each
of the different regions of the to-be-designed vehicle and a sound power LWJ- of each of the
sound source devices as an input to the in-vehicle noise simulation-prediction-analysis model,
the noise prediction starts with an input of initial sound transmission losses and initial sound
powers and iterates under a constraint on a total cost for in-vehicle noise reduction, and wherein

the constraint on a total cost for in-vehicle noise reduction is expressed as

L, <L

ATL, >0,
AL, >0

where Lpi represents the target noise value, ATLi represents an increment of the
sound transmission loss of each of the different regions of the to-be-designed vehicle, ALW
represents a decrement of the sound power of each of the sound source devices, | ranges from
1 to M, where M represents a total number of the different regions of the to-be-designed vehicle
and is a positive integer greater than 1, and ] ranges from 1 to N, where N represents a total
number of the sound source devices of the to-be-designed vehicle and is a positive integer

greater than 1;

an acquiring unit, configured to acquire a design parameter of each of the different regions

of the to-be-designed vehicle and a design parameter of each of the sound source devices which
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are used to obtain the predicted noise value Lpsi ;and

a design unit, configured to design a vehicle based on the design parameter of each of the
different regions of the to-be-designed vehicle and the design parameter of each of the sound

source devices.

7. The system according to claim 6, wherein the output unit that performs the noise
prediction based on the in-vehicle noise simulation-prediction-analysis model iteratively with
starting with the input of the initial sound transmission losses and the initial sound powers and

being under the constraint on a total cost for in-vehicle noise reduction comprises:

a first acquiring module configured to acquire initial design parameters of the vehicle,
wherein the initial design parameters of the vehicle comprise a design parameter of each of the

different regions of the vehicle and a design parameter of each of the sound source devices;

a second acquiring module configured to acquire, based on the design parameter of each

of the different regions of the vehicle, the initial sound transmission loss of the region;

a third acquiring module configured to acquire, based on the design parameter of each of

the sound source devices, the initial sound power of the sound source device;

a predicting module configured to perform the noise prediction by inputting the initial
sound transmission loss of each of the regions and the initial sound power of each of the sound
source devices to the in-vehicle noise simulation-prediction-analysis model, to obtain an initial

predicted noise value;

a calculating module configured to perform calculation under the constraint on a total cost
for in-vehicle noise reduction and based on a multivariate non-linear programming theory, to
obtain the minimum total cost for in-vehicle noise reduction, the increment ATLi of the
sound transmission loss of each of the different regions under the minimum total cost for in-
vehicle noise reduction, and the decrement ALW of the sound power of each of the sound

source devices under the minimum total cost for in-vehicle noise reduction;

a first determining module configured to determine an acoustic requirement indicated by
the increment ATI_i of the sound transmission loss of each of the different regions under the
minimum total cost for in-vehicle noise reduction and an acoustic requirement indicated by the
decrement ALW of the sound power of each of the sound source devices under the minimum

total cost for in-vehicle noise reduction;
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a second determining module configured to determine, based on the acoustic requirements,
a design parameter and a new sound transmission loss corresponding to a noise reduction
scheme for each of the different regions, and a design parameter and a new sound power of

each of the sound source devices; and

an output module configured to perform the noise prediction by inputting the new sound
transmission losses and the new sound powers to the in-vehicle noise simulation-prediction-

analysis model, until the predicted noise value L satisfying the minimum total cost for in-

psi

vehicle noise reduction is outputted and the difference between the predicted noise value Lpsi

and the target noise value L . is less than the preset difference.

pi

8. The system according to claim 7, wherein the calculating module comprises:

a calculating sub-module configured to calculate the minimum total cost for in-vehicle
noise reduction under the constraint on a total cost for in-vehicle noise reduction, based on an

equation  expressing the total cost for in-vehicle noise reduction as

M N
f=> KATL +> kAL, with adjusting values of the increment ATL,  of the sound

i=1 j=1

transmission loss of each of the different regions and the decrement ALW of the sound power
of each of the sound source devices, where ki represents a cost corresponding to the
increment ATLi of the sound transmission loss, and k j representsa cost corresponding to
the decrement ALW of the sound power; and

a determining sub-module configured to determine the increment ATLi of the sound
transmission loss of each of the different regions under the minimum total cost for in-vehicle
noise reduction, and the decrement ALW of the sound power of each of the sound source

devices under the minimum total cost for in-vehicle noise reduction.
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