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Abstract: Automobile sound characteristics are the embodiment of automobile quality, image and brand personality. This research project aims to realize the sound design of automobile specific sound quality, and carry out the research on the brain cognitive law under the sound stimulation of specific sound quality and the evaluation model of automobile sound quality based on brain cognitive law, so as to realize the development of automobile active sound generation system with diversified sound characteristics. The research of this project mainly includes three aspects. First, through the sound induced EEG signal test and the subjective and objective evaluation test of sound samples, determine the EEG feature set strongly related to sound quality, and explore the brain cognitive law under the sound stimulation of specific sound quality. The second is to determine the set of physiological acoustic evaluation indexes of automobile sound quality, screen out the evaluation indexes with outstanding contribution by using deep learning algorithm, and establish an intelligent automobile sound quality evaluation model integrating brain cognitive law. Finally, optimize the sound synthesis algorithm, match the driver's operation behavior in real time, formulate the sound amplitude gain control strategy to meet the specific sound quality, and realize the active sound design of electric vehicle.
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[bookmark: _Toc897396487_WPSOffice_Level1]1 Introduction
[bookmark: _Toc1251798458_WPSOffice_Level2]1.1 Purpose and significance of the study
The sound characteristic of automobile is the embodiment of automobile quality, image and brand personality. It is an important index to directly reflect the quality of automobile products and affect customers' purchase psychology. It is the main content of automobile noise and vibration performance research. At present, the research of automotive NVH has developed from the traditional noise and vibration amplitude control to the sound design to achieve a certain sound quality. How to carry out targeted sound design according to different automobile functions and styles is a major challenge faced by domestic automobile enterprises.
Automotive active sound generation (ASG) technology is a technology that generates specific sound in the interior of the vehicle through electronic acoustics and sound system. It is based on the pre-designed sound with certain sound quality, and uses the active sound controller to make sound through the on-board speaker according to the running state of the vehicle, so as to improve the sound quality in the vehicle. At present, ASG technology urgently needs to solve a problem, that is, how to ensure that the pre designed sound meets the sound quality needs of users.
The common practice is to use the traditional subjective evaluation methods of vehicle sound quality (semantic subdivision method, pairwise comparison method, etc.) to select the sound samples of internal combustion engine vehicles with specific sound quality as the preset sound of electric vehicle ASG system. This method requires a large number of evaluators to make subjective judgments based on psychological feelings. Although it is easy to implement, it is difficult to make subjective evaluation of conceptualized or abstract sound characteristics. Even if it can be evaluated, the requirements for the ability of evaluators are also high, so it is difficult to reach an agreed evaluation result, which is easy to lead to the misjudgment of sound quality classification.
EEG is a relatively recognized physiological index without racial and cultural differences. It can reflect brain cognitive activities and objectively describe people's subjective feelings about sound. In recent years, with the development of brain cognitive science and related technologies, it is possible to predict people's perception of sound with EEG signals. In this study, EEG signal is introduced as the evaluation index of automobile sound quality. EEG signal can directly reflect people's feelings about different characteristic sounds and avoid language description, which will help to improve the accuracy of automobile sound quality evaluation and realize the correct evaluation of semantic diversification and abstraction of automobile sound characteristics.

[bookmark: _Toc79393947_WPSOffice_Level2]1.2 Research objectives
There are three main research objectives of this research project: To explore the brain cognitive law stimulated by specific automobile sound quality samples, to establish an automobile sound quality evaluation model integrating brain cognitive law, and to develop an electric vehicle ASG system with diversified sound quality.
· Aiming at the sound samples with specific sound quality, an experimental paradigm of EEG induced cognition considering individual personality traits is proposed. Explore the feature set of EEG signals strongly related to specific sound quality, and reveal the brain cognitive law under the sound stimulation of specific sound quality.
· Based on the brain cognitive law stimulated by specific sound quality, an objective evaluation index of EEG is constructed. Optimize the deep learning algorithm, select the physiological acoustics, psychoacoustics and physical acoustics evaluation indexes with outstanding contribution, and establish an intelligent automobile sound quality evaluation model integrating brain cognitive law.
· Based on the automobile intelligent sound quality evaluation model, the sound sample library of the best motion sound quality is determined. Optimize the particle algorithm and harmonic algorithm, and construct a sound synthesis algorithm that can feed back the driving state of the vehicle in real time. The optimal sound amplitude gain control strategy is formulated, and the ASG system of electric vehicle with motion sound quality and spatial sound field characteristics is developed.


[bookmark: _Toc1251798458_WPSOffice_Level1]2 Literature review
With the development of acoustic technology, people pay more and more attention to the sound quality and sound characteristics of cars, and their related research has also made some achievements. The traditional sound quality evaluation is mainly based on the concept of sound quality proposed by blauert [1-2] for subjective and objective evaluation [3-14]. The subjective evaluation of sound quality is mainly carried out by the evaluation subject (person) using subjective evaluation methods, such as ranking method, semantic subdivision method, paired comparison method and grade scoring method. The objective evaluation of sound quality is to evaluate the sound using objective parameters, including loudness, sharpness, roughness, jitter, speech clarity, psychoacoustic irritability and other psychoacoustic parameters. Combining the subjective and objective evaluation of sound quality to establish a subjective and objective evaluation model, such as using multiple linear regression theory [5,10], introducing sound quality matrix [7] or calculating weighting factor [4], can better evaluate sound quality. In addition, some intelligent algorithms and artificial neural network methods are also used in the existing research to evaluate the sound quality, such as generalized inverse cascade method (GICM) [15], simulated annealing (SA) and genetic algorithm (GA) [6], BP neural network algorithm [8], convolution neural network algorithm [11], adaptive feedback cancellation (AFC) algorithm [16], which can optimize the sound quality evaluation model and better evaluate the sound quality.
Although the traditional sound quality evaluation method has certain accuracy and effectiveness in sound quality evaluation, it also has some defects. Traditional subjective evaluation methods require evaluators to make judgments according to their own subjective feelings, so their evaluation results are affected by evaluators' own personality, preferences, emotions, experience and other aspects. Therefore, individual evaluation results inevitably have some particularity, and it is difficult to form a unified and standardized measurement system. Although the traditional objective evaluation method can quantify the sound characteristics with physical parameters, it is difficult to correspond to the conceptual and abstract sound quality evaluation feeling, and the sound quality is ultimately determined by people's subjective feeling. The establishment of subjective and objective evaluation model and the application of some intelligent algorithms can establish the connection and optimization model between subjective feelings and objective parameters, but can not solve the problems of conceptualization and fuzziness of evaluation results and vulnerable to the individual differences of evaluators.
In order to make up for the defects of traditional sound quality evaluation methods and avoid the above problems, physiological acoustic indicators have become a new focus of researchers. Physiological indexes can energize people's various physical functions and objectively describe people's subjective feelings in the face of sound stimulation. Wang Z [8] and others proposed an objective evaluation method of vehicle interior noise with human ear basement membrane displacement (smvbmdr) as the physiological and acoustic index and combined with BP neural model. By calculating the statistical average value of basement membrane displacement response, the characteristic matrix based on human ear basement membrane displacement is established, and the BP neural network model for vehicle interior noise sound quality evaluation is established with the traditional psychoacoustic index and extracted characteristic matrix as the input, This model is used as an effective physiological and acoustic index to objectively evaluate the sound quality of vehicle interior noise. Compared with the traditional psychoacoustic measurement method, this measurement method can evaluate the sound quality of vehicle interior noise more effectively and accurately.
In addition, there are studies on sound quality evaluation based on EEG, ECG, EDA and PPG. At present, EEG is widely recognized as a physiological index that is not affected by cultural differences and can objectively describe brain cognitive activities. With the development of EEG signal related technology, it is possible to describe and predict people's subjective feeling of sound with EEG signal by combining EEG signal with acoustic technology and taking it as an index of automobile sound quality evaluation.

[bookmark: _Toc786722442_WPSOffice_Level2]2.1 Feasibility 
Electroencephalogram (EEG) is an electrophysiological monitoring method. It is a graph obtained by amplifying and recording the spontaneous biological potential of the brain from the scalp through precise electronic instruments. In recent years, using EEG to monitor the characteristic response of different brain regions under different sound stimuli has gradually been recognized as a feasible sound quality evaluation method, and some research results have been obtained.
Some researchers proved the feasibility of EEG as an evaluation index of sound quality by comparing the changes of EEG and other physiological parameters under sound stimulation. Mazza F and others [17] summarized some common physiological measurement methods for emotion evaluation, such as heart and respiratory rhythm, electroencephalogram (EEG) and skin electrical resistance (GSR), as well as infrared thermal imaging or laser Doppler perfusion monitoring (ldpm), and verified that these methods have high accuracy in emotion judgment through experiments. Debener [18] and others directly compared the classical EEG cap device with the new periauricular electrode array (ceegrid), which further proved the feasibility of paraauricular EEG recording. Xu Z [19] and others used EEG signal and functional near infrared signal (fNIRS) to describe the response of brain regions to sound. They found that the subjects' brain responses to different sound types were different. Under the same sound pressure level, the energy value response of fNIRS in brain regions with different audio data also showed regular changes. Stuldreher I V [20] and others Compared and proved the effectiveness of the physiological synchronization (PS) of electroencephalogram (EEG), skin electrical activity (EDA) and electrocardiogram heartbeat interval (IBI) as the evaluation index of sound quality.

[bookmark: _Toc387268115_WPSOffice_Level2]2.2 Summary of research methods
[bookmark: _Toc1251798458_WPSOffice_Level3]2.2.1 Experimental design
The experimental content design of sound quality evaluation based on EEG signal mainly includes three aspects: constructing sound sample database and subjective and objective evaluation of audio. Collect the EEG signals of subjects under different sound stimuli. And processing and analyzing EEG data.
Firstly, the sound samples with specific sound quality should be recorded or collected according to the purpose of the experiment. After sufficient sound samples are obtained, the sound samples shall be screened and preprocessed (such as denoising, loudness adjustment, duration editing, etc.) to obtain the sound samples that meet the experimental requirements and specifications, build a sound sample library, and measure the objective physical acoustic parameters of the audio, such as loudness, sharpness, roughness, jitter, etc. In the experiment, Geng B and others [26] randomly added six different levels of Gaussian white noise to four different scenarios (four sounds: Soothing piano music, waves, fire alarm and mosquito buzzing) to obtain 24 different sound samples. The audio stimulation test sequences used in the experiment of Mehta K and others [21-24] are generated from three different basic sequences (sequence combination, distortion type and time-varying mode). They are sampled at a high quality of 44.1KHz, and the accuracy of each sample is 16 bits. Two types of frequency truncation and scalar distortion are considered.
Then we need to collect the EEG signals of subjects under different sound stimuli. Subjects can be randomly selected, or they can choose people of different ages, genders or with different preferences and sensitivities to sound according to different experimental purposes. The number of subjects is generally about 20-30. Most of the subjects are adults, and occasionally there are different experimental concerns. For example, Akiyama A [27] and others take newborn infants as experimental subjects. The subjects wear electrode caps in the laboratory with good sound insulation effect and collect their EEG signals under audio stimulation of different scenes. In addition, most experiments also require subjects to conduct subjective evaluation experiments of sound quality or some other experiments after collecting EEG signals, and use ranking method, paired comparison method, grade scoring method or semantic segmentation method to subjectively evaluate sound samples. AXC and others [28] measured the hearing threshold range of subjects in addition to EEG signal acquisition in the experiment.
Finally, the EEG data are processed and analyzed. The collected EEG signals are preprocessed, and then feature extraction and feature classification are carried out from the four aspects of time domain, frequency domain, time-frequency domain and spatial domain. Combined with the subjective and objective evaluation results and other acoustic experimental data results, the model related to EEG features and sound quality evaluation indexes is established to explore the law of EEG signals under different sound stimuli.

[bookmark: _Toc79393947_WPSOffice_Level3]2.2.2 Data preprocessing
At present, the preprocessing steps of EEG signals mainly include: locating electrodes, eliminating useless electrodes, filtering, down sampling, baseline correction, interpolation bad conduction, line noise elimination, bad channel processing, eliminating artifacts, re reference, etc. In order to ensure high recognition rate when using EEG signal as biometric, some optimization methods in preprocessing stage are proposed. Maiorana E and others [29] proposed an automatic artifact elimination strategy based on blind source separation (BSS) and sample entropy estimation (SE), which can effectively remove unnecessary noise in EEG data. Garvanov I and others [30] proposed a denoising algorithm based on the combination of wavelet transform, threshold processing and inverse wavelet transform, which effectively eliminates noise and retains information. K. A. Robbins and others [31] evaluated four preprocessing methods, including two ICA based preprocessing methods (larg and Mara) and two different pseudo shadow space reconstruction (ASR), as well as the difference of residual signals in time domain and spectrum domain after eliminating blinking artifacts. It was found that small changes may also lead to differences and have a great impact on specific parts of the signal. Dagdevir E and others [32] used Taguchi method and grey correlation analysis (GRA) to optimize various pretreatment stages, such as time window step, time interval θ Frequency band and μ and β Frequency band, in which the time window step is the most effective factor affecting the preprocessing stage. The optimal preprocessing stage is allocated to maximize the accuracy performance and minimize the timing cost.

[bookmark: _Toc786722442_WPSOffice_Level3]2.2.3 Feature extraction
EEG feature extraction is mainly carried out from four aspects: time domain, frequency domain, time-frequency domain and spatial domain [21-24, 26-28, 33-49]. Time domain features mainly include event-related potential (ERP) signal statistics, energy, power, instability index and fractal dimension. According to the acoustic properties of audio, Li Hongwei and others [33] extracted the characteristics of audio such as spectral centroid, spectral flux, root mean square value and zero crossing rate and the waveform of event-related potential (ERP) to study the motion law of EEG time-domain characteristics changing with music properties. Frequency domain characteristics mainly refer to the decomposition of frequency band into 5 sub bands（ δ、θ、α、β、γ）， Extract the power and power spectral density of each frequency band, and calculate the mean, maximum and variance of the internal power spectral density of each frequency band.  Lee S M and others [34] determined that α The feasibility of using wave as an objective evaluation of the sound quality of vehicle acceleration sound. Zou Liyuan and others [35] analyzed and extracted the brain network characteristic parameters of five sub bands and combined them with the subjective score to construct the empirical formula of EEG characteristics and occupant annoyance caused by vehicle interior noise, so as to realize the purpose of evaluating subjective annoyance by using objective EEG characteristic parameters. AXC and others [28] proposed EEG psychoacoustic annoyance index based on 5 sub bands（ δ+θ+α）/（ β+γ）， The index has high correlation with heart sound annoyance, sound pressure level and loudness, and can better reflect the annoyance degree of passengers under indoor acoustic exposure. The time-frequency domain feature is to first confirm the time corresponding to each frequency-domain component of the non-stationary signal, and then obtain it by short-time Fourier transform (STFT) or wavelet transform (WT). Xiang Cao and others [41] proposed an EEG emotion recognition method based on time-frequency domain multi feature combination. The original EEG signal is denoised by stationary wavelet transform (SWT), and then the preprocessed EEG signal is decomposed by wavelet transform (WT) α (8-16hz), low β (16-24hz), high β (24-32hz) and γ (32-40hz) four frequency bands, using the long and short-term memory (LSTM) network with time-frequency domain characteristics to extract the sequence information of depth features. The spatial domain feature is obtained by extracting the frequency domain feature on each electrode and combining the common spatial pattern (CSP) and other algorithms with the spatial domain. Rahman Ma [42] and others proposed a feature extraction method of EEG signal based on frequency domain common space mode (FCSP), which preprocesses the signal appropriately, separates the data according to the stimulation type, and calculates the power spectral density of the signal through frequency domain transformation.

[bookmark: _Toc387268115_WPSOffice_Level3]2.2.4 Classification model
The classification model mainly uses classifiers such as support vector machine (SVM) and deep learning methods such as deep confidence network (DBN) to classify EEG features. Combining support vector machine (SVM) with other classifiers such as multilayer perceptron (MLP) can improve the efficiency and accuracy of classification and recognition. The introduction of deep belief networks (DBNs) to build emotion recognition model can improve the performance of fractal dimension (FD), power spectral density (PSD) and discrete wavelet transform (DWT) features in price classification, and obtain higher performance in dynamic emotion recognition. In addition, the dimension reduction classification method using softmax classifier or principal component analysis (PCA) based on reverse neural network (BP) has better recognition rate than SVM classifier. Rui Q and others [49] transformed the traditional topic independent recognition task into multi topic recognition task, and proposed an emotion classification model including channel selection strategy, classification strategy and CNN. Compared with relevant methods, the model has faster calculation speed and lower calculation cost.
In order to further optimize the model and improve the classification accuracy and recognition rate, combining convolutional neural network (CNN) and long-term and short-term memory network (LSTM) to construct a multilayer neural network model for EEG feature extraction is a research trend in recent years [41, 45, 49]. By combining EEG time-domain and frequency-domain features, LSTM can automatically learn the time-domain and frequency-domain features with the highest correlation with emotional dimensions. The classification model has good generalization ability and robustness. KNN, SVM, decision tree, random forest and LSTM are used as classifiers to evaluate and compare. The performance of EEG emotion recognition method based on convolutional neural network and long-term and short-term memory network is better than other methods. The deep learning model of long-term memory (LSTM) can be divided into benchmark LSTM, bidirectional LSTM and stacked LSTM. The most effective classifier is bidirectional LSTM.

[bookmark: _Toc1939758395_WPSOffice_Level2]2.3 Summary
This paper summarizes the feasibility, methods and research results of sound quality evaluation based on EEG signals. The advantages of taking EEG as the measurement index of sound quality compared with the traditional subjective and objective evaluation method of sound quality are described. This paper classifies, summarizes and compares the research on EEG test design and EEG data processing and analysis methods under sound stimulation. The research shows that compared with the traditional subjective evaluation methods and objective physical parameters, EEG has more abundant information, and can describe people's subjective feelings in the face of sound stimulation with objective parameters more effectively and accurately. At the same time, the improvement of EEG preprocessing, feature extraction, classification and other data analysis methods, as well as the optimization of relevant algorithms for target model construction, have gradually improved its recognition rate and accuracy as a sound quality evaluation index. In addition, it also summarizes the research shape of applying EEG signal to automobile sound quality evaluation. At present, there is little relevant data in this regard. However, with the development of EEG signal and acoustic technology, more researchers will invest in the research of EEG and automobile sound quality.


[bookmark: _Toc79393947_WPSOffice_Level1]3 Research methods and experimental design
3.1 Vibration test of automobile and traditional internal combustion engine
Test the interior noise, engine noise and intake and exhaust noise of the test vehicle under different working conditions on the silent hub bench in the semi anechoic room of the whole vehicle and the road of the real vehicle. Microphone, acceleration and other sensors shall be arranged according to national standards. The driver in the car wears headphones and synchronously collects the ignition coil signal and noise and vibration signals on the main driver's seat through LMS \ head data acquisition system to obtain sound samples under different working conditions. The test conditions include constant speed, acceleration, deceleration, idle speed, etc. the rapid acceleration noise test is carried out in gear 2 or gear 3 according to the number of gears of the selected model. When studying the correlation between the driver's operation behavior and the sound signal in the vehicle, the collected signals also include the vehicle running state parameters, such as vehicle speed, speed, accelerator pedal opening and so on.

3.2 Subjective and objective evaluation test of sound quality
Formulate a subjective and objective evaluation test scheme to evaluate the obtained sound samples. The subjective evaluation test was carried out in the listening room, and the sound samples were played back successively with high fidelity headphones. Considering the cultural background, subjective habits, preferences, cultivation and other factors of the evaluators, about 30-50 NVH experts, music theory experts and engineers are invited to participate in the evaluation. Before the subjective evaluation, all sound samples shall be treated with equal sound and equal length, the ten grade evaluation table shall be divided according to the subjective feeling and strength, and each evaluator shall be organized to audition the evaluated sound samples. During the evaluation process, the system automatically plays each sound sample, and the playback interval between each sound sample is set as 5S. Each evaluator uses the grade scoring method to score the sound quality of the sound sample. At the same time, the objective parameters of sound samples, such as loudness, roughness, order components, spectral characteristics and so on, are calculated.

3.3 Experimental design of brain cognitive mechanism for sound quality
The brain cognitive test under the stimulation of automobile sound was carried out in the semi elimination room. Aiming at the lack of brain cognitive experimental paradigm in auditory stimulation, an experimental design idea considering the semantic diversity and individual differences of car sound samples is proposed. Through different semantic levels of sound quality, this paper studies the sensitivity of different personality traits to sound stimulation, and analyzes the effects of audio characteristics such as spectral centroid, spectral flux, root mean square value and zero crossing rate on EEG induction.
Centralization is used to whiten the statistical mean of physiological artifact data after zeroing, so as to convert the covariance of observation matrix into unit matrix and reduce the correlation between observation vectors. The independent component analysis method is used to decompose the multivariate signal into mutually independent and non normally distributed source signals, and the signal after artifact removal is obtained by inverse transformation of independent component analysis. The wavelet reconstruction method is used to reconstruct the artifact removed EEG signal to obtain the desired EEG signal.
In the time domain, the event-related potential (ERP) signal statistics, energy, power, high-order zero crossing analysis, Hjorth parameter characteristics, instability index and fractal dimension are extracted as time-domain features. In the frequency domain, the frequency band is divided into five sub bands（δ、θ、α、β、γ）. The power and power spectral density of each frequency band are extracted respectively, and the statistics such as mean, maximum and variance of internal power spectral density of each frequency band are calculated for frequency domain characteristics. In time-frequency domain, confirm the time corresponding to each frequency-domain component of non-stationary signal, and obtain the time-frequency-domain characteristics by short-time Fourier transform (STFT) or wavelet transform (WT). In the spatial domain, after extracting the frequency domain features on each electrode, the space-frequency domain features are calculated by combining the common spatial pattern (CSP) and other algorithms with the spatial domain. The feature set of EEG signals strongly related to the subjective indicators of sound quality is established from four aspects: time domain, frequency domain, time-frequency domain and spatial domain.
The subjective evaluation indexes of EEG features and sound quality are clustered based on fuzzy c-means clustering algorithm. The membership degree of each sample data to all class centers is obtained by optimizing the objective function, so as to determine the category of sample data, so as to determine the mapping relationship model between EEG features and subjective evaluation indexes. Using the ERP Superposition Technology Based on time sequence and the EEG signal analysis method based on frequency band energy, this paper analyzes the changes of EEG frequency band, brain region and emotion induction under the stimulation of automobile sound.

3.4 Test and analysis of interior sound of electric vehicle ASG system
Based on the determined main control parameters of the electric vehicle ASG system, the sound signal of the driver's right ear position under the acceleration and constant speed driving conditions with different accelerator pedal opening is tested under the working and non working states of the system, and the total sound pressure level, loudness, sharpness, roughness curve with vehicle speed and FFT spectrum are calculated for comparison and optimization. Organize a professional subjective evaluation team to subjectively evaluate the interior sound of the electric vehicle and a car running traditional internal combustion engine vehicle respectively, so as to verify the improvement effect of the designed active sound generation system on the subjective perception of the interior sound quality of the electric vehicle to be equipped with ASG system.
Six loudspeakers, audio power amplifiers, micro auto box and OBD interface cables, data acquisition equipment and upper computer are arranged in the cockpit of the electric vehicle to be built with ASG system. The DC power supply is led out through the cigarette lighter to supply power to the micro auto box and audio power amplifier. Pins 6 (CAN_H) and 14 (CAN_L) of OBD interface in the vehicle are used as ASG system control signal input ports. With reference to GB / T 18697-2002 acoustic measurement method of vehicle interior noise, the operating conditions that can represent the vehicle interior noise are selected from the four working conditions of vehicle operation: idling, constant speed, full throttle acceleration and braking. The test shall be conducted in the semi anechoic room of the whole vehicle or on the smooth asphalt pavement. During the real vehicle test, the evaluator shall wear BHS II headphones, and the audio data shall be recorded and observed in real time through the head recorder software. At the same time, the evaluator uses the grade evaluation method to subjectively evaluate the sound in the vehicle under the driving state. The evaluation sample vehicles include the original state of the electric vehicle, the normal working state of the active sound generation system, and a sedan running traditional internal combustion engine vehicle. According to the analysis results, the existing sound modulation software is used to further modify and debug the sound of the designed active sound generation system, in order to meet the target requirements of motion sound quality.


[bookmark: _Toc786722442_WPSOffice_Level1]4 Evaluation
[bookmark: _Toc570099658_WPSOffice_Level2]4.1 Difficulty analysis
The key scientific issues of this project are the design and analysis of auditory stimulation cognitive experimental paradigm considering individual differences, the determination of objective evaluation index set based on EEG signals and the development of in vehicle sound synthesis algorithm suitable for complex and changeable driving conditions of electric vehicles.
The difficulty in the design and analysis of auditory stimulus cognitive experimental paradigm considering individual differences is that the traditional auditory emotional cognitive experiment is aimed at short tones or speech. The research mainly uses classic experimental paradigms such as oddball or go Nogo. Its characteristic is that the nature and content of stimulus sources are rich and diverse, which requires subjects to interact to some extent in the experiment. However, there is a relative lack of experimental paradigms for the cognition of long-term auditory stimuli such as car sound, and there is no unified standard on how to be compatible with the personality traits of subjects.
The difficulty lies in how to construct a good mapping between the acoustic features and the acoustic features of the EEG vector, and how to determine the evaluation of the potential features of the EEG vector.
The difficulty of developing an in vehicle sound synthesis algorithm suitable for the complex and changeable driving conditions of electric vehicles lies in the confirmation of the in vehicle sound synthesis algorithm that provides real-time feedback on the driving state of vehicles and the control method that the real-time mutation of vehicle conditions matches the target sound samples.

[bookmark: _Toc1740402739_WPSOffice_Level2]4.2 Innovation analysis
Aiming at the semantic diversity of sound samples and the differences of subjects' personality traits, this project puts forward the experimental paradigm and analysis method of EEG induction in line with cognitive characteristics and reactive personality traits. EEG signal is introduced as a vehicle sound quality evaluation tool, trying to explore the correlation between EEG characteristics and sound subjective evaluation indicators, reveal the brain cognitive law under the sound stimulation of specific sound quality, and form a new cognitive mechanism of sound quality. These studies are rarely involved in the research at home and abroad. Using the cognitive law of brain science, the objective evaluation index set based on EEG signals is clustered from three dimensions: individual difference, brain region topology and emotion induced cognition. Combined with deep learning intelligent algorithm, this paper constructs an automobile sound quality evaluation model integrating brain cognitive law from three aspects of physical acoustics, psychological acoustics and physiological acoustics. The research results can intuitively reflect the subjects' subjective feelings about automobile sound quality, directly avoid the description of language, help to improve the accuracy of sound quality evaluation, and provide new ideas and methods for exploring the evaluation methods of automobile sound quality from the perspective of neuroscience.
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