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Abstract 
With the development of industrialization and urbanization, air pollution is becoming more and more serious. To protect 
people's health, reasonably predict air quality and provide suggestions for people's egress, this article constructs a short-
term air quality prediction model based on K-Means-LSTM. The results show that the daily meteorological data of three 
provinces in Central China, Henan Province, Hubei Province and Hunan Province from 2017 to 2019 are selected, the 
daily average AQI is taken as the target variable, and the provincial capital city of each province from October to 
December 2019 is selected as the test data. The prediction accuracy of K-Means-LSTM model is better than LSTM, 
BPNN and XGBoost, indicating the practicability of the model proposed in this research. 
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1. INTRODUCTION 

With the development of industrialization and 
urbanization, air pollution is becoming more and more 
serious. To protect people's health, reasonably predict air 
quality and provide suggestions for people to go out for a 
long time, Air quality prediction has always been one of 
the most important research areas in the field of air 
pollution monitoring and control for current domestic and 
foreign scholars. Classified by existing research means, 
air quality prediction can be divided into three schemes: 
statistical prediction, numerical prediction and artificial 
intelligence algorithm prediction represented by machine 
learning [1]. 

Statistical prediction refers to the prediction by 
analyzing the change law of pollutants in the air, the 
commonly used models are the gray model and 
regression model [2, 3]. Numerical prediction is based on 
the law of atmospheric motion, combining the possible 
physical and chemical changes between pollutants in the 
air, the mathematical method is used to establish a 
pollutant diffusion model to predict the change of 
pollutant concentration of the future, and the mainstream 
models to include CQMA model and NAQPMS model 
[4]. Although mathematical statistics and numerical 
prediction models can achieve relatively good prediction 
results, however, the data of AQI is disordered and non-
stationary, so these models are no longer applicable. 

In recent years, with the rapid development of 
artificial intelligence, some scholars apply neural 
network to prediction in terms of air quality, the accuracy 
of prediction results is improved [5]. Some scholars have 
also constructed air quality prediction models based on 
recurrent neural network (RNN), and achieved higher 
prediction accuracy. However, there are some problems 
with RNN operation, such as gradient disappearance, 
short memory time series data and so on [6]. Long short-
term memory (LSTM), neural network with continuous 
time feature extraction short term memory, shows better 
effect on AQI prediction with multi-dimensional 
variables. The commonly used LSTM algorithm is too 
time dependent and ignores the classification 
characteristics of the training data set in the process 
simulation and numerical prediction. 

In summary, this research will build a short-term air 
quality prediction model based on K-Means-LSTM 
algorithm. Firstly, the K-Means algorithm is used to 
cluster the data, and the small sample data after clustering 
is input into LSTM as training data onto all sample 
prediction; Then, the collected prediction data is 
summarized, the data sorted by time is selected and 
reload into LSTM to obtain a new training model; Finally, 
some test data are selected to verify the excellence of the 
model, then it provides theoretical support for short-term 
air quality prediction [7-9]. 
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2. DATA SOURCE 

With the help of python and other relevant tools, this 
article captured the historical AQI and meteorological 
factors (temperature, wind direction, wind force and etc.) 
of cities in Henan Province, Hubei Province and Hunan 
Province from January 1, 2017 to December 31, 2019 
published by the China Meteorological Administration, 
and drew the annual average AQI heat map, as shown in 
the Figure 1. At the same time, using the data collector to 
capture the daily concentrations of six pollutants in the 
three Province Capital cities of Zhengzhou, Wuhan and 

Changsha from January 1, 2017 to December 31, 2019 
from the China Air Quality Monitoring and Analysis 
Platform. Finally, the sample data of AQI, meteorological 
factors and various pollutants of the three cities are 
integrated to carry out research.  

3. CONSTRUCTION OF PREDICTION 

MODEL  

3.1. K-Means Clustering  
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Figure 1.  Annual average AQI heat map of each province from 2017 to 2019: (a), (b), (c): Henan. (d), (e), (f): 
HuBei. (g), (h), (i): Hunan. 
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To improve the regularity of data and shorten the 
prediction time, this study uses K-Means algorithm for 
data clustering. As a classical distance based clustering 
algorithm, K-means is widely used in various fields of 
prediction. The basic idea of the algorithm is as follows: 
Firstly, the algorithm needs to randomly points are 
assigned to the center closest to them to form the initial 
cluster; Finally, the average value of all points in each 
cluster are calculated. Take this average value as the new 
center point and repeat the process until the center of each 
cluster does not change [10-11]. The calculation formula 
is: 

  𝐷 𝑥, 𝑐 𝑥 𝑐              1  

Where 𝑥  is the sample data, 𝑐  is the i-th cluster 
center, 𝑛 is the dimension of sample data, 𝑥  is the j-th 
attribute of sample data, 𝑐  is the j-th attribute value and 
corresponding to the i-th cluster center. 

The key step of K-means is to determine the number 
of clusters K. The selection criteria of this research are as 
follows: when the Euclidean distance from each point in 
the cluster center no longer changes significantly, 
calculate the sum of square error (SSE) of the 
corresponding points of the fitting data and the original 
data. The calculation formula is: 

𝑆𝑆𝐸 𝐷 𝑥, 𝑐
∈

                2  

Where D is the Euclidean distance between two 
points in the space, 𝑘 is the number of clusters, and 𝑆  
represents the data set in the i-th cluster. When the SSE 
is closer to 0, the model selection is more and more better. 

3.2.LSTM 

The LSTM network structure includes memory unit 
cell, input door 𝑖  and output door 𝑂 , forgetting door 𝑓 . 
The structure is shown in Figure 2. Part of the information 
of the unit cell state 𝐶  is retained in the current cell 
state 𝐶 , and the amount of retained information is 
determined by 𝑓 . The specific learning process of LSTM 
is as follows: 

𝑓 𝜎 𝑊 ℎ , 𝑥 𝑏             3  

𝑖  𝜎 𝑊 ℎ 𝑥 𝑏                4  

𝐶 𝑓 ∗ 𝐶 𝑖 ∗ 𝐶                       5  

𝑂 𝜎 𝑊 ℎ , 𝑥 𝑏             6  

ℎ 𝑂 ∗ 𝑡𝑎𝑛ℎ 𝐶                              7  

𝐶  and ℎ  represent the activation vectors of each 
neuron cell and memory module, 𝑊  and 𝑏  represent 
weight matrix and offset vector, ∗  represents 
convolution. σ (ꞏ) indicates the activation function and 
tanh (ꞏ) denotes hyperbolic tangent function tanh (). 

 
Figure 2. Schematic structure diagram of LSTM cell 

In summary, the LSTM network can achieve better 
results for time series data. In this article, the K-Means-
LSTM short-term air quality prediction model was 
constructed by combining K-Means and LSTM, thereby 
reducing the prediction effect of data differentiation on 
the model. 

4. RESULT AND COMPARATIVE 

ANALYSIS 

4.1.Evaluating Indicator And Analysis 

This research chooses the root mean square error 
(RMSE) and mean absolute percentage error (MAPE) to 
test the prediction accuracy. The RMSE and MAPE can 
be expressed as: 

     𝑅𝑀𝑆𝐸
1
𝑛

𝑥∗ 𝑥         8  

          𝑀𝐴𝑃𝐸
𝑥∗ 𝑥

𝑥
100

𝑛
     9  

where 𝑛 represents the number of time instances, and 
𝑥∗ and  𝑥   represent the real value and prediction data, 
respectively.  
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TABLE I. COMPARISON OF EVALUATION INDEXES OF EACH MODEL 

City Name 

Evaluation Indexes 

K-Means-LSTM LSTM BPNN XGBoost 

RMSE 
MAPE 
(%) 

RMSE 
MAPE 
(%) 

RMSE 
MAPE 
(%) 

RMSE 
MAPE 
(%) 

Zhengzhou 5.23 9.31 7.18 15.24 13.19 18.96 10.07 14.78 

Wuhan 4.95 8.26 8.74 17.36 10.78 19.33 16.24 30.52 

Changsha 4.06 9.05 8.25 16.17 15.92 27.15 12.56 18.73 
 

From the evaluation indexes of each model, it shows 
that the prediction effect of the K-Means-LSTM 
combined model is better than LSTM model without data 
clustering, BPNN model and XGBoost model. At the 
same time, the AQI of other cities in Henan Province, 
Hubei Province and Hunan Province are tested, and the 
results show that the average value of RMSE are lower 
than 7.63 and the average value of MAPE are lower than 
15.54, which further verifies that the model proposed in 
this study is suitable for short-term air quality prediction 
in cities. The prediction results of each model are shown 
in Figure 3. 

 

 

 
Figure 3. Predicted and real values of each model: (a): 

Zhengzhou. (b): Wuhan. (c): Changsha. 

 
 

5. CONCLUSION 

This article uses the K-Means clustering and LSTM 
to construct a short-term air quality prediction model the 
K-Means-LSTM, and takes three province capitals of 
Henan Province, Hubei Province and Hunan Province as 
examples to test the model. The test results show that the 
effect of the K-Means-LSTM is better than LSTM, 
BPNN and XGBoost model, and is more available for 
short-term air quality prediction. After clustering the data, 
the disadvantage of local over fitting of LSTM is avoided; 
Finally, using the above model to test other cities in each 
province, it is found that the effect of the K-Means-
LSTM is still better than the other three models. Air 
quality is very important for human survival and 
development, therefore, it is particularly important to 
reasonably predict air quality and provide reference basis 
for government management and people's daily travel. 
Next, we will further explore the factors affecting AQI 
prediction and improve the optimization prediction 
algorithm to improve the prediction accuracy. 
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