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Abstract 
The changes of the stock market affect the returns of investors, but the trend of stock 
prices is affected by many factors, and the traditional forecasting methods are 
increasingly difficult to meet people's requirements. Considering that CNN is good at 
processing images and LSTM is good at predicting events in time series, we propose a 
model based on ResNet and LSTM. Firstly, we use a network structure similar to 18-layer 
ResNet to extract features from the data. Then LSTM is used to predict stock prices. 
Experimental results show that this model can be successfully applied to the research of 
stock prediction, and it is more stable than other methods. 

Keywords 
ResNet; LSTM; Stock Prediction. 

1. Introduction 

With the development of national economy and the improvement of people's living standard, 
the stock as a means of financial management has received more and more attention. Compared 
with funds and other means of financial management, the characteristics of high risk and high 
yield of stocks make people more cautious and careful in their choice. Investors will analyze 
and forecast stocks through a lot of data of the stock market to make investment plans.With the 
development of neural networks, prediction methods have been developed from linear 
prediction model to non-linear prediction model relying on neural networks. For example, 
reference [1] combined principal component method with LSTM, and reference [2] respectively 
studied and compared the prediction effects of PCA-LSTM model, Lasso-LSTM model and LSTM 
model. Literature [3] constructed a hybrid model of LSTM and GM (1,1) gray model, and studied 
and predicted stock prices in detail. There is no doubt that stock price prediction based on deep 
learning is becoming more and more popular. 
Deep learning is inseparable from neural networks.Strictly speaking, the development of deep 
learning dates back to 1943, when neurobiologist MeCulloch and mathematician Pitts jointly 
proposed the m-P model, the first artificial neuron model in human history. Since then, nearly 
80 years have passed. Neural network research has gone from the beginning of enlightenment 
to the low period lasting nearly a decade, and then to the Renaissance period at the end of the 
20th century, until the concept of deep learning was first proposed by Hinton and his students 
in 2006. In an important paper published in Science, they proposed the concept of "deep belief 
network" for the first time. They found the optimal solution for weights through unsupervised 
pre-training, and then optimized the neural network with supervised training fine-tuning 
technology, which greatly improved the efficiency of training multi-layer neural network and 
reduced the training time.[4] Moreover, he gave this learning method a brand-new term, 
namely "deep learning", which started the study of deep learning. Convolutional neural 
network CNN, recurrent neural network RNN, LSTM and other algorithms and models have also 
been developed and favored by people. In this paper, we choose CNN, which is good at image 
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processing, and LSTM, which is good at processing and predicting events with long intervals 
and large time delays in time series, to complete stock prediction. 

2. Data Processing 

China's stock market has developed rapidly in recent years, mainly in Shanghai and Shenzhen, 
which have produced the most high-profile Shanghai and Shenzhen indices respectively. Here, 
we choose the more comprehensive CSI 300 index data as the data basis of the study. Table 1 
shows the data structure of one of the stocks. However, of the thousands of companies that have 
gone public, some have delisted or their shares have been suspended. Therefore, we want to 
pick a steady and long-term stock which can represent the market. 
 

Table 1. Data structure for the stock with stock code 000002 
trade_date open high low close pre_close change pct_chg vol 
20191226 30.50 31.30 30.50 31.12 30.29 0.83 2.7402 888790.74 
20191225 30.40 30.63 30.18 30.29 30.38 -0.09 -0.2962 685037.32 
20191224 31.01 31.10 30.09 30.38 31.01 -0.63 -2.0316 754924.76 
20191223 31.68 32.19 30.99 31.01 31.68 -0.67 -2.1149 638835.65 
20191220 31.35 32.25 31.35 31.68 31.03 0.65 2.0947 893368.10 

... ... ... ... ... ... ... ... ... 
19980702 11.80 12.82 11.70 12.82 11.65 1.17 10.0400 25373.00 
19980701 12.13 12.19 11.55 11.65 11.63 0.02 0.1700 16259.00 
19980630 11.96 12.00 11.60 11.63 11.88 -0.25 -2.1000 8128.00 
19980629 12.15 12.30 11.80 11.88 12.30 -0.42 -3.4100 13909.00 
19980626 12.30 12.50 12.20 12.30 12.25 0.05 0.4100 7000.00 

 
In table 1, ts_code is the stock symbol and trade_date is the date in the format YYYYMMDD. 
Open stands for the opening price and close stands for the closing price. Low is the lowest value 
of the stock on that day, and high is the peak. Pre_close is the previous day's closing price, and 
pct_cng is the percentage change rate of current data compared with the previous data, vol is 
the volume indicator. 
To sum up, we decided to use the 604 trading days data of Shanghai Pudong Development Bank 
and Wuliangye in three years to construct the data set. The data obtained five basic data of 
selected stocks: opening price, closing price, highest price, lowest price and trading volume 
through Python tushare financial data interface package. Some data of SPD Bank are shown in 
table 2: 
 

Table 2. Some datas of Shanghai Pudong Development Bank 
date open high close low volume 

2019-09-11 11.85 12.00 11.95 11.85 390636.53 
2019-09-12 12.08 12.09 12.00 11.92 261048.23 
2019-09-16 11.99 12.01 11.93 11.83 254891.16 
2019-09-17 11.96 12.01 11.81 11.77 335589.31 

... ... ... ... ... ... 
2022-03-08 8.29 8.30 8.08 8.05 466880.59 
2022-03-09 8.11 8.13 7.90 7.76 460357.03 
2022-03-10 8.01 8.05 7.92 7.92 251814.89 
2022-03-11 7.89 8.02 8.01 7.77 332860.06 
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3. Model Introduction 

3.1. Residual Neural Network ResNet 
Convolutional neural network performs well in image processing. Since Hubel and Wiesel 
convolutional neural networks in the 1960s, lenet-5[5], AlexNet[6], VGG[7], GoogLeNet[8] and 
other models have been proposed and widely used. Classic convolutional neural networks are 
commonly composed of convolutional layer, pooling layer and full connection layer. Among 
them, convolution layer is locally aware and aims to extract local features in images. The 
pooling layer, also called the lower sampling layer, is responsible for reducing the dimension of 
the feature graph, avoiding over-fitting, saving time and improving accuracy. Although the 
parameters of the full connection layer are redundant, it can output the target result [9]. 
Theoretically, the deeper the network layer, the more information it can get. However, the 
network will deepen burst gradient and the gradient disappeared, the test data and the 
accuracy of training data rise but not fall, and Dr He Kaiming residual neural network is put 
forward by using residual learning to ensure the new layers in the network will not be degraded 
solved this problem perfectly[10]. 

3.2. Long and Short Term Memory Networks LSTM 
LSTM is a special kind of recurrent neural network, which is good at processing and predicting 
the events with long interval and long delay in time series. Compared with the recurrent neural 
network, LSTM can effectively deal with the problem of gradient disappearance and gradient 
explosion during long sequence training. It benefit to the gating technology in the LSTM unit. 
There are three types of gating in the LSTM unit, which are called input gate, output gate and 
forget gate. Among them, the forgetting gate that can retain or forget control information is the 
key of LSTM unit [11]. The detailed unit structure of LSTM is exhibited in figure 1. 
 

 
Figure 1. Structure of LSTM unit 

 

 
Figure 2. The forgetting gate in the LSTM unit   structure 

 
LSTM first determines what to discard in the cellular state through the forgetting gate, as shown 
in figure 2. The forget gate will read h and x , and outputs a value between 0 and 1 for each 
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number in cell state  C , where 1 means "completely retained" and 0 means "completely 
discarded"[12]. The calculation expression is: 
 

)],[(f 1 fttft bxhW                                                                 (1) 
 

h is the output information of LSTM at the last moment, and x  s the input information at this 
moment. Both of them are used as inputs, multiplied by the weight matrix W, and then added 
to the deviation matrix b.Finally, a vector f  is obtained under the calculation of the activation 
functionσ, and sigmoid is generally use as the activation function. 
After forgetting the information, the next step is to determine what new information to store in 
the LSTM cell through the input. As shown in figure 3, the input gate consists of a sigmoid 
activation function that determines what value we want to update and a tanh function that 
creates a new candidate value vector as follows: 
 

)],[(i 1 ittit bxhW                                                                  (2) 

 

)],[tanh( 1t

~

CttC bxhWC  
                                                           (3) 

 

  
Figure 3. The input gate in the LSTM unit structure 

 

 
Figure 4. The output gate in the LSTM unit structure 

i  is used to control the update value, and 
t

~

C  represents the update value of the unit state at 

time t. 
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Then we combine the information obtained at the forgetting gate and the input gate, discard 
the information to be forgotten and retain the useful information, so as to obtain the cell state 
at that time, the formula is: 

tttt CiCfC
~

1t **  
                                                                  (4) 

C  is the cellular state at time t. 
Finally, we determine the value to be printed in the output gate. As shown in figure 4, we first 
run the sigmoid activation function to determine the portion to be output, and then multiply 
this portion by the cell state processed by the tanh function to obtain the final portion to be 
output. The formula is as follows: 

 

)],[(o 1 ottot bxhW                                                                   (5) 
 

)tanh(*h ttt Co                                                                      (6) 
 

h  represents output information of LSTM unit at time t. 

4. Model Building 

We choose to imitate the 18-layer structure in Resnet to construct the convolutional neural 
network. However, we make all the stride values 1 and add a simplified MaxPooling operation 
between each residual block. The detailed structure is shown in table 3: 
 

Table 3. Model Structure 
Layer Configuration 
Input  

Reshape  
Conv2D Conv 3×3, 64 

MaxPooling pool_size=2, strides=1 
 

Residual block 
 

 

MaxPooling pool_size=2, strides=1 
 

Residual block 
 

 

MaxPooling pool_size=2, strides=1 
 

Residual block 
 

 

MaxPooling pool_size=2, strides=1 
 

Residual block 
 

 

MaxPooling pool_size=2, strides=1 
Dropout rate=0.5 
Reshape  

LSTM 128 neurons 
LSTM 64 neurons 
Dense 32 neurons 
Dense 1 neurons 

Conv 3×3,64 

Conv 3×3,64 
×2 

Conv 3×3,128 

Conv 3×3,128 
×2 

Conv 3×3,256 

Conv 3×3,256 
×2 

Conv 3×3,512 

Conv 3×3,512 
×2 
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5. Model Results 

We obtained the data of 604 trading days from September 11, 2019 to March 11, 2022. Among 
them, we selected the data of the first 500 days as the training set, and the data of the remaining 
104 trading days as the test set. Finally we calculated the root mean square difference RMSE 
between the predicted value and the actual value. And it is compared with RMSE obtained from 
other models. The comparison results are exhibited inTable 4: 
 

Table 4. Comparison of RMSE result  
method RMSE in SPDB RMSE in WULIANGYE 
ARIMA 0.230 1.781 

SVM 0.185 1.690 

MLP 0.192 1.889 

RNN 0.208 1.655 

LSTM 0.180 1.601 

PSO-LSTM 0.142 1.343 

RESNET+LSTM 0.460 0.433 

 
It can be seen from the table that when we use Shanghai Pudong Development Bank as the data 
set, the RMSE obtained after our prediction is not as good as other methods, but it will not be 
too far away. When we use Wuliangye as the data set, the RMSE obtained after our prediction 
is much better than other methods, which shows that although our model is not the best among 
many methods, But it has the best universality among different methods. 

6. Conclusion 

In this article, we first analyzed CNN and LSTM and found that their characteristics are very 
suitable for stock forecasting. Therefore, we use RESNET and LSTM models to predict the stock 
prices of Shanghai Pudong Development Bank and Wuliangye.Comparing RMSE with other 
different methods, we find that although the prediction of Shanghai Pudong Development Bank 
using RESNET and LSTM is not the most accurate, but the gap is very small. And this method 
has stronger universality for different stocks. However, the model can be further optimized and 
improved, such as increasing the number of layers of RESNET and improving the prediction 
accuracy. 
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