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Abstract. This article proposes a hierarchical and graded urban power grid disaster response 
method based on automatic voice warning technology. This method combines automatic speech 
technology and hierarchical classification methods to achieve fast and accurate information 
transmission and response. This article first introduces the background and significance of this 
method, and then introduces the current research status in China. Next, this article elaborates in 
detail on the experimental dataset and preprocessing, CNN and RNN algorithm model design, 
experimental results and analysis, and the implementation of speech warning using TTS speech 
synthesis technology. Finally, this article summarizes the main work and contributions of this 
article, and points out future research directions. 
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1.  Introduction 
The urban power grid is an important component of urban infrastructure, and its safety and stability are 
crucial for the normal operation of the city. However, due to natural disasters, human factors, and other 
reasons, urban power grids often face various threats from disasters. Therefore, how to quickly and 
accurately respond to disasters and ensure the safety and stability of urban power grids is an urgent 
problem that needs to be solved. 

Traditional disaster response methods often rely on manual monitoring and early warning, which 
have problems such as slow response speed and low accuracy. To address these issues, this paper 
proposes a hierarchical urban power grid disaster response method based on automatic voice warning 
technology. This method achieves fast and accurate information transmission and response through 
automatic voice technology. 

2.  Background and purpose 

2.1.  Background and significance 
With the continuous development of artificial intelligence technology, machine learning and deep 
learning models are increasingly being applied in various fields. Among them, the automatic voice 
warning system is a field with important application value. However, there are still some issues with the 
accuracy and real-time performance of existing early warning systems. Therefore, studying machine 
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learning and deep learning models based on Python to implement automatic speech warning systems 
has important practical significance and theoretical value. This study aims to build an accurate, efficient, 
and real-time automatic voice warning system, improve the accuracy and timeliness of warnings, and 
serve related fields. 

2.2.  Research objective 
The main purpose of this study is to construct an automatic speech warning system based on Python 
machine learning and deep learning models, to model the collected data, achieve disaster classification, 
text to speech, and warning functions. In order to verify the accuracy and generalization ability of the 
model, this study will use some power grid data to model and verify the accuracy and generalization 
ability of the model through data processing. In addition, this study will also evaluate and compare 
existing early warning systems, propose improvement plans, and provide reference for future research. 

3.  research status 

3.1.  Current research status in China 
In recent years, with the continuous development of artificial intelligence technology, automatic speech 
technology has been widely applied in fields such as speech recognition and speech synthesis. 
Meanwhile, with the continuous expansion and increasing complexity of urban power grids, the 
efficiency and accuracy of disaster response methods have become an important issue. Therefore, 
applying automatic voice technology to urban power grid disaster response methods is a topic of great 
significance. 

At present, research on urban power grid disaster response methods based on automatic voice 
warning technology is still in its early stages in China. Some scholars have proposed algorithm models 
based on deep learning to identify abnormal patterns and potential risks in power grid operation status 
data. At the same time, some scholars have also proposed a warning information release method based 
on automatic voice technology to improve the speed and accuracy of information transmission. However, 
these studies are still in their early stages and require further research and improvement. Some research 
teams have started using machine learning and deep learning models to build automatic speech warning 
systems. They constructed a speech recognition system based on CNN or CNN+RNN models by 
collecting a large amount of speech data and related warning information, and achieved good results. In 
addition, some research teams also use clustering algorithms or random forest algorithms to generate 
data samples that meet the requirements, in order to improve the generalization ability of the model. 

For example, Li Jing's "Application of TTS Technology in Meteorological Warning" developed a 
meteorological warning information speech synthesis system based on TTS speech synthesis technology 
to address the situation of untimely release of weather warning information and low voice quality at 
grassroots meteorological stations. This system can monitor the generation of warning files in the server 
in a timely manner and provide text and sound alarms[1]. Cai Li's "Implementation of Vegetable 
Cultivation Greenhouse Voice Warning System - Based on DDE and FCS Technology" proposes a 
greenhouse voice warning system based on DDE and FCS technology, which can alarm when the 
greenhouse temperature meets the preset warning conditions[2]. Huang Sixin's "Design and Practice 
Exploration of a Mask Wearing Reminder System Based on Arduino" implements a mask wearing 
reminder system based on Arduino microcontroller control technology. The system combines a voice 
synthesis broadcast module with a human body pyroelectric sensor, analyzes and recognizes signals 
collected by the sensor, and automatically completes the mask wearing voice broadcast reminder using 
TTS voice synthesis broadcast technology[3]. 

3.2.  Current research status abroad 
In foreign countries, some research institutions and companies have also conducted research on 
automatic voice warning systems. They constructed a speech recognition system based on neural 
networks or deep learning models by collecting speech data and related warning information in different 
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scenarios. At the same time, some companies have also developed warning systems based on rules or 
statistical methods using existing voice data and warning information, and have conducted a large 
number of practical application tests. 

4.  Experimental dataset and preprocessing 

4.1.  Experimental dataset 
1.The dataset contains images of different disasters in urban power grids, including fires, power outages, 
strong showers, low temperatures, blizzards, typhoons, and other types of images. These images reflect 
that power grid disasters not only include natural disasters, but also include power consumption disasters. 

2. Regarding the voice files of different types of disasters in the power grid, the main purpose is to 
collect the voice files under different disasters. 

4.2.  Preprocessing 
Before the experiment, we preprocessed the dataset, including data cleaning, data standardization, and 
other operations. These operations can remove noise and outliers from the data, improving its accuracy 
and reliability. 

Regarding the hierarchical classification of urban power grid disasters, it means first labeling the 
files under a certain disaster type in the dataset, then entering the type folder, classifying the files under 
this type according to the disaster level, labeling them, and storing them in the database. Subsequent 
modeling can be supervised and trained based on pre labeled data in the database. According to this 
different level of disaster database, it can be associated with a warning information database, which is 
the warning information corresponding to a certain level of disaster. Through TTS technology, text can 
be transformed into speech.   

5.  Algorithm model design 

5.1.  Model selection 
The principle of BP neural network is that neurons in each layer are interconnected, but neurons in the 
same layer have no connection. The training process of this network includes forward propagation of 
information and backward propagation of errors. Forward propagation is the process of inputting 
information into the input layer, processing it through several hidden layers, and then transmitting it to 
the output layer. When the output result differs significantly from the expected value, the learning 
process will turn to the backward propagation of errors, which are transmitted through the hidden layers 
to the input layer and distributed to the neurons in each layer, This propagation process will continue 
until the output error decreases to an acceptable range or a predetermined number of learning times[4]. 
In both positive and negative processes, the BP neural network always learns towards the direction 
where the error decreases the fastest. While the error decreases, it continuously adjusts the model 
parameters, becoming an important part of model training to obtain the optimal algorithm [5]. 

The RNN model, also known as Recurrent Neural Network (RNN) in Chinese, generally takes 
sequence data as input and effectively captures the relationship features between sequences through the 
internal structure design of the network. It is generally output in the form of sequences. Because the 
RNN structure can effectively utilize the relationships between sequences, it is suitable for processing 
input sequences with continuity in nature, such as human language, speech, etc. It is widely used in 
various tasks in the field of NLP, such as text classification, sentiment analysis, intention recognition, 
machine translation, etc. 

CNN model, Convolutional Neural Networks, is a deep learning model or multi-layer perceptron 
similar to artificial neural networks, commonly used to analyze visual images. The structure of CNN 
can be divided into three layers: 

1) Convolutional Layer - Its main function is to extract features; 
2) Max Pooling Layer - primarily used for downsampling without compromising recognition results; 
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3) Fully Connected Layer - Its main function is to classify. 
TTS, TTS is a module of artificial intelligence AI that is part of human-machine dialogue, allowing 

machines to speak. TTS is an application of speech synthesis technology, which first collects speech 
waveforms, optimizes them, and finally stores them in a database. Synthetic speech extracts waveforms 
and converts them into natural speech output. 

5.2.  Model implementation 
For the image dataset, a BP neural network is used for modeling. Firstly, unify the height and width of 
the images, set each batch to 8 images, load the dataset, divide it into training and testing sets, iterate 10 
times, create a model, including input layer, three fully connected layers, and output layer, set optimizer 
and loss function, compile the model, train, and draw iterative loss and accuracy graphs. 

 
Figure 1. BP Model 

 
Figure 2. Loss 

The loss rate of the training set decreased from 2 to 0.20, and the loss rate of the test set decreased 
from 1.4 to 0.25; The accuracy of the training set increased from 30% to 95%, and the accuracy of the 
test set increased from 60% to 95%. Overall, the effect of the model is still very good. 

For the audio file dataset, CNN+RNN is used for modeling. 
Use CNN to analyze and process the frequency spectrum of audio. Process the spectrum as an image, 

read the MP3 file, convert the audio file into a spectrogram, divide the training and testing sets, create a 
model that includes CNN and RNN, compile the model, and iterate 35 times. The more iterations there 
are, the higher the accuracy of the model. 
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Figure 3. CNN, RNN 

 
Figure 4. Accurary 

The loss rate of the training set decreased from 2 to 0.4 and continued to increase, while the loss rate 
of the test set decreased from 1 to 0.2; The accuracy of the training set increased from 87% to 96%, 
while the accuracy of the test set decreased from 90% to 87%. 

Based on the results identified by the above model, whether it is images or voice files, the current 
file can be classified as urban power grid disasters, classified under the corresponding category of 
disasters in the power grid, and analyzed to determine which type and level of disasters belong to, that 
is, which type and level of disasters belong to in the database, and associated with the warning 
information database to make warning judgments, Finally, use the TTS text to speech technology in the 
PYTHON library to output the warning content through voice broadcasting. 

6.  Experimental results and analysis 

6.1.  Implementation and Application of Automatic Voice Warning System 
Experimental verification was conducted using urban power grid disaster images and voice datasets. 
The experimental results show that the hierarchical and graded urban power grid disaster response 
method based on automatic voice warning technology proposed in this paper has high accuracy and 
reliability. Specifically, the model can accurately identify abnormal patterns and potential risks in the 
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operation status data of the power grid. In the first time a disaster occurs in the urban power grid, 
automatic voice technology is used to timely and accurately transmit warning information to relevant 
personnel, protect personnel and property safety, and reduce losses. This method also has high stability 
and reliability, and can play an important role in practical applications. 

After completing the training and evaluation of the model, an automatic voice warning system can 
be implemented. The system can process and recognize input speech data through speech recognition 
technology, and combine it with a warning information database for warning judgment and output. In 
order to improve the accuracy and timeliness of early warning, the system can be considered for 
application in fields such as intelligent security, intelligent transportation, medical and health. In 
practical applications, warning information can be sent to relevant personnel or devices through network 
interfaces and other means. 

7.  Conclusion 

7.1.  Summary of research findings 
This article proposes a hierarchical and graded urban power grid disaster response method based on 
automatic voice warning technology. This method combines automatic speech technology and 
convolutional neural network methods to achieve fast and accurate information transmission and 
response. The experimental results show that this method has high accuracy and reliability, and can 
provide strong guarantees for the safety and stability of urban power grids. Future research directions 
include further improving algorithm models and enhancing model performance, exploring more 
effective automatic speech technologies, and so on. 

7.2.  Further outlook 
A set of voice warning system can be developed by combining software and hardware. A hardware 
product specifically designed for voice warning can be produced by combining PLC, microcontroller, 
voice chip, and voice power amplifier. The voice warning function can be achieved by combining big 
data analysis technology. This hardware system can quickly understand the current status of the urban 
power grid through voice communication in the event of a disaster, providing strong support for the safe 
operation of the urban power grid. 
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