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Abstract

Aiming at the problems of poor customer satisfaction and poor accuracy of customer classification, this paper
proposes a customer classification model based on speech recognition. First, this paper analyzes the temporal
data characteristics of customer demand data, identifies the influencing factors of customer demand behavior,
and determines the process of feature extraction of customer voice signals. Then, the emotional association
rules of customer demands are designed, and the classification model of customer demands is constructed
through cluster analysis. Next, the Euclidean distance method is used to preprocess customer behavior data.
The fuzzy clustering characteristics of customer demands are obtained by the fuzzy clustering method. Finally,
on the basis of naive Bayesian algorithm, a customer demand classification model based on speech recognition
is completed. Experimental results show that the proposed method improves the accuracy of the customer
demand classification to more than 80%, and improves customer satisfaction to more than 90%. It solves the
problems of poor customer satisfaction and low customer classification accuracy of the existing classification
methods, which have practical application value.
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1. Introduction

In the fierce market competition, customer service has become one of the important problems faced by
enterprises in the market. Improving the ability of the customer service system to analyze and understand
the demands of power customers is one of the important ways to improve the quality of customer service
in the power industry. To efficiently and purposefully address the concentrated needs of power customers
and improve customer satisfaction, scholars in relevant fields have conducted research and made some
progress on how to classify customer demands [1,2]. Wang et al. [3] proposed a correlation analysis
model between customer demands and marketing inspection business based on data correlation analysis.
The model first intelligently classified customer needs to improve the efficiency and accuracy of demand
screening. This paper established a correlation analysis model between customer demand and marketing
audit based on a priori algorithm. Through data correlation analysis, it studied the correlation between
customer demands and marketing audit, and designed a collaborative management model for customer

demands and marketing audit business. Chen et al. [4] proposed a business fluctuation monitoring model
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based on customer demands. This method is based on the massive business data of big data platforms,
and combined with customer behavior characteristics and business characteristics, divides all three-level
business subclasses into business theme scenarios. For each scenario type, the SARIMA model is
established according to time series to calculate the threshold warning of each time node, and the model
results are refreshed and displayed in real-time through chart display tools and a data console. This
method can improve the accuracy of customer classification, but customer satisfaction is poor. Peng et
al. [5] developed a deep neural network-based method for power customer demand prediction. This
method tapped the hidden customer demand and improved customer satisfaction, but the accuracy of
customer classification was poor. Yue and Fang [6] proposed a classification method for telecommuni-
cations customer complaints based on filtering models and random forests. Through the filtering model,
the high-dimensional mixed features of telecommunications customer attributes are obtained, and the
information gain ratio of telecommunications customer complaints is calculated, which is beneficial for
determining the priority of customer complaints. Through the decision tree method, irrelevant redundant
features are eliminated, achieving a dimensionality reduction effect. A customer complaint classification
model based on random forests is established. Niranjan et al. [7] built a multi-product closed-loop supply
chain customer classification model.

In view of the above issues, this paper effectively constructs a customer demand classification model
based on speech recognition. This model can analyze the periodic data characteristics of customer
demand data and determine the influencing factors of customer demand behavior. By setting the Myer
frequency cepstrum coefficient (MFCC) parameter of the customer service recording audio length, it can
obtain the characteristics of the customer's voice signal. In addition, emotional association rules for
customer needs have been established, and a customer needs classification model has been constructed
using clustering analysis algorithms. Meanwhile, this paper also innovatively uses Euclidean distance
method to preprocess customer behavior data. After obtaining the fuzzy clustering features of customer
needs through fuzzy clustering methods, customer demands are classified based on naive Bayesian
algorithm. The experimental results show that this method can effectively improve customer satisfaction

and customer classification accuracy.

2. Feature Extraction of Voice Signals Requested by Customers

2.1 Period Data Characteristics of Customer Demand Data

Power supply service demand refers to the demand of power customers within the company's operating
region to express their dissatisfaction with the damage caused to their rights and interests by the power
supply enterprise within their responsibilities. The responsibilities of power supply enterprises include
power supply services, operations, power outages, power supply quality, and power grid construction.

The appeal volume starts to rise at 7 am every day, reaches the peak at about 10 am, then drops to noon
to form a small trough, and then fluctuates slowly. It reaches a small peak at 4 pm and 8 pm and drops
sharply after 8 pm, and the trough of the whole day is from 0 am to 6 am. In general, the daily distribution
of complaints is consistent with the law of people's work, life and work and rest [8].

2.2 Regional Characteristics of Demand Data

As can be seen from Fig. 1 of regional distribution, complaints are concentrated in District A of the
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city. District A is the largest area in the city, with active cultural activities, plenty of diplomatic and
business buildings, and a large population density. Zone B, located in the center of the city, is well
developed in cultural tourism. Zone E is the suburb with the largest demand in the region, ranking third.
Excluding individual outer suburbs, covering a small area has less demand. The demand gap in other
regions is not significant, and the demand is the lowest in recent years. Zone Q is a new economic

development zone [9].
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Fig. 1. Regional distribution of appeal quantity.

The demand business distribution data of each region is shown in Table 1. It shows that the complaint
business in most regions focuses on the business service demand, followed by the metering device
problems caused by the electricity tariff business and characteristic business in the power supply service
demand and business demand. In the power supply service category, the enterprise employees have direct
contact with customers, and the service complaints mostly involve the service personnel's business level
and service attitude. It follows that the enterprise needs to strengthen its personnel's service awareness
and business norms. From the perspective of customers, electricity tariff is a sensitive issue, which should

be paid attention to in time.

Table 1. Percentage of regional distribution of appeal data (unit: %)

Service Business  Power supply Power grid  Stop power

demand appeal quality construction transmission
Area A Power Supply Company 31.84 45.46 7.65 2.60 12.45
Area B Power Supply Company 28.41 49.75 3.69 5.48 12.66
Area C Power Supply Company 27.99 53.18 4.07 6.49 8.27
Area D Power Supply 28.05 33.17 21.57 5.24 11.97
Area E Power Supply 25.30 35.37 17.87 7.43 14.03
Area F Power Supply 27.75 39.34 15.88 8.30 8.73
Area G Power Supply 28.40 29.58 22.12 7.85 12.04
Area H Power Supply 31.38 46.31 9.40 3.69 9.23
Area | Power Supply 30.97 29.56 19.50 10.22 9.75
Area ] Power Supply 28.47 27.40 20.64 11.03 12.46
Area K Power Supply 33.07 26.38 12.20 14.57 13.78
Area L Power Supply 34.87 49.23 3.08 3.08 9.74
Area M Power Supply 30.77 18.97 18.46 19.49 12.31
Area N Power Supply 33.95 22.22 21.60 17.90 4.32
Area O Power Supply Company 33.06 37.90 11.29 8.87 8.87
Area P Power Supply Company 41.46 41.46 4.88 2.44 9.76
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Since the research object of customer behavior is the variable behavior, it will change with the
characteristics of customers and environmental changes, which can be expressed by public signs:

B =f(P,E) (M

Among them, B is customer behavior, P is personal factors, and E is environmental factors (e.g.,

cultural environment, social and family factors, etc.).

2.3 Feature Extraction of Speech Signal

The essence of feature extraction of the speech signal is to change the speech signal from an analog
signal to a digital signal, use some characteristic parameters reflecting the characteristics of the speech
signal to represent speech, and digitize the speech signal for processing by computer [10]. Whether
feature parameters can distinguish speech signals and accurately extract feature parameters will directly
affect the accuracy of speech recognition. There are many measurement standards for speech signal
characteristics, the commonly used are linear predictive cepstral coefficient (LPCC) and MFCC. The use
of LPCC has a small amount of computation and is easy to implement, but it has poor anti-noise ability.
In addition, since LPCC is linear at all frequencies and completely different from human auditory
features, the MFCC is adopted here to extract speech features [11]. MFCC is raised based on the auditory
model of the human ear and has been widely used in recent years to better improve the recognition
performance of the system [12]. The human cochlea is actually like a filter bank, which has a linear
relationship with the frequency below 1,000 Hz and a logarithmic relationship with the frequency above
1,000 Hz. MFCC is precisely the correlation between the two to calculate frequency-related spectral
features. Since the Mayer frequency is not linearly correlated with the frequency, the calculation accuracy
of MFCC decreases when the frequency exceeds a certain range. Therefore, in practice, only MFCC at
low frequency is usually calculated, and MFCC at a medium frequency and high frequency is discarded.

The specific relationship between Mayer frequency and the actual frequency of audio is as follows:

f
700Hz

fmet(f) = 2595 -log(1+ ) 2
The extraction of MFCC parameters includes the following steps: after the audio signal is divided into
frames and windowed, the time domain signal is transformed into the power spectrum of the signal
through the fast Fourier transform (FFT). Then a set of triangular window filters (usually 24) with linear
distribution on the Mayer frequency scale are used to process the power spectrum of the signal.

Numerous experiments show that to improve the recognition performance of the algorithm, difference
parameters can be added to the speech features. In this program, the first- and second-order different
parameters are used to more accurately represent the spectrum characteristics of speech. The flow chart
of feature extraction of the speech signal is shown in Fig. 2.

In this paper, 256 is taken as the number of points in each frame of the speech sampling sequence, and
the order of the Mel filter is 24. To facilitate the synthesis of samples, now 20 MFCC parameters are
extracted uniformly regardless of the length of the collected audio.

After the feature signal is extracted, "OK" and "Cancel" speech signals are added with marks "1" and
"2", respectively to show the difference. Then all the features extracted from the training samples are
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stored in data in the form of an array. In the mat file, there are 21 columns in the array. The first column
is identification, and the last 20 columns are speech characteristic signals.
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Fig. 2. Flow chart of speech signal feature extraction.

3. Construction of Customer Demand Classification Model

3.1 Design Association Rules for Customer Demand Classification

Simple correlation is used to describe the degree of linear correlation between two random variables.
In this paper, Pearson simple correlation coefficient is selected, which is the most used method at present.
Pearson simple correlation coefficient is used to express the closeness and direction of linear correlation
between two variables p. And R represents the overall Pearson correlation system and the sample Pearson
correlation coefficient, respectively.

3.2 Build a Customer Demand Classification Model through Cluster Analysis

The basic idea of clustering analysis is to use similarity to measure the proximity between things,
thereby achieving classification. The essence of fuzzy cluster analysis is to construct a fuzzy matrix
according to the attributes of the research object itself and determine its classification relationship
according to a certain membership degree.

Since there may be differences in each indicator unit and order of magnitude, a direct comparison
cannot be carried out in many cases. If the original data is directly used for analysis, it is likely to highlight
the weight of some indicators with large orders of magnitude in the classification and ignore the
characteristic indicators with small orders of magnitude. As a result, changing a unit will completely
overturn the clustering results and get different results. Therefore, the original data should generally
undergo dimensional processing before clustering analysis, so that the values of each characteristic
indicator are unified within a specific range and comparable. There are many data standardization
methods for samples. The mean normalization method, standard deviation normalization method, range

normalization method, and maximum normalization method are common data processing methods.

3.3 Classification of Customer Demands based on Naive Bayesian Algorithm

This paper uses the naive Bayes algorithm to classify customer demands, so this paper focuses on the
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naive Bayes algorithm. As is well-known, the Bayesian theorem describes the relationship between two
conditional probabilities. From it, two Bayesian classification algorithms have been developed: the
Bayesian belief network and naive Bayes.

If the data population is X, the sample obtained from it is x, and H is a descriptive condition.

A priori probability: the probability that y occurs in the data space X, which is called the a priori
probability of x, expressed of P(x).

Posterior probability: when the given data sample is x, the probability that condition /4 holds is called
the posterior probability of H under condition x, expressed by P(H|x). A posteriori probability
synthesizes a variety of information such as data as a whole, samples and a priori.

A priori probability can be obtained from experience, history and analysis, and a posteriori probability
is usually not easy to obtain directly. The Bayesian theorem provides a method to calculate P(H|x) from
P(H), P(x) and P(x|H), such as Eq. (3). The classification problem is to obtain its category through a
given text sample, that is, to determine the posterior probability. Therefore, the Bayesian algorithm has
been widely used in the field of classification because of its idea of inferring the unknown from the
known.

P(x|H)P(H)

P(HIX) = =55

3)

As a statistical classification method based on Bayesian theorem, the basic idea of naive Bayesian
algorithm is to obtain a posterior probability of all attributes using the prior probability of training
samples according to Bayesian formula. The attribute with the highest posterior probability is found and
recognized as the category of the object. In terms of classification of customer demands, it is implemented

according to the above constraints.

4. Test and Analysis

The experimental sample comes from 390G voice sample data of customer service complaints of a
power supply company in a certain area and is recognized and classified on a microcomputer in the
simulation experiment. The simulation experimental environment is the Win10 operating system with
Intel i5-9400F processor and NVIDIA GeForce GTX1070 graphics card. The experiment uses Python
programming language to train and test the model on the naive Bayesian algorithm learning framework.
Microsoft SQL Server 200 is selected as the tool to build the data warehouse. The data mining module
developed by Microsoft Visual Basic 6.0 is used to process the data, and the processing results are saved
in the SQL server database. The design model, traditional method 1 [2], and traditional method 2 [3] are
used to classify customer needs respectively. The accuracy results of statistical classification are shown
in Fig. 3.

According to Fig. 3, the classification accuracy of this model is higher than 80% and significantly
higher than the other methods. It proved that the classification performance of this method is superior.

The classification results of the design of the model, traditional method 1, and traditional method 2 are
applied to the power system, and the user satisfaction results of the three statistical methods are shown

in Fig. 4.
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Fig. 3. Results of classification test accuracy.

According to Fig. 4, the user satisfaction obtained after the application of the model is higher than 90%,
which is significantly better than the other two methods, indicating that the practical application effect of
this method is good.
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Fig. 4. Satisfaction results.

5. Conclusion

This paper constructs a customer appeal classification model based on speech recognition. The purpose
of this study is to analyze the temporal data characteristics of customer demand data, determine the
influencing factors of customer demand behavior, and determine the feature extraction process of
customer voice signals. Firstly, the model extracts the audio length MFCC parameters to obtain the
characteristics of the voice signal required by the customer. Secondly, this paper designs emotional
association rules for customer needs, and constructs a customer demands classification model through
clustering analysis. Customer demand classification grounded on naive Bayesian algorithm and customer
demand recognition model based on speech recognition have been completed. The experimental results
demonstrate that the proposed method improves the accuracy of customer demand classification and
customer satisfaction, and has practical application value. However, due to the limited conditions, this
method mainly focuses on classification accuracy, but the classification efficiency is not significantly
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improved. In view of this, future studies can improve classification efficiency based on ensuring the

classification accuracy.
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