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Abstract: There are two main languages of human beings: natural language and 

physical language. Facial expression is an important way to express feelings in body 

language. It contains rich emotional information and occupies more than half of the 

information transmitted by human beings. Therefore, it is very important to recognize 

people's emotions through facial expressions. Especially in recent years, with the 

development of deep learning, facial expression recognition has been widely used in 

chat robots, intelligent education, criminal investigation and so on. Aiming at the large 

amount of parameters of most convolutional neural networks [1], this paper proposes 

an improved network based on VGG16 for facial expression recognition. On the basis of 

VGG16, two fully connected layers are deleted, which simplifies the network structure , 

reducing the amount of parameters of the network. And the optimal number of 

neurons in the last layer of the fully connected layer is explored, and the number of 

neurons of four gradients of 0, 256, 512, and 1024 is set. It is found through 

experiments that when the two-layer fully connected layer is deleted, the number of 

neurons in the third layer is 0, the network recognition effect is the best, and the 

training speed is also the fastest. 
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1. Introduction 

Facial expressions convey more than half of human emotions. With the development of 

deep learning, facial expression recognition becomes possible, but a real-time facial 

expression recognition system is needed to train the convolutional neural network at 

recognition rate. In the same situation, the network structure should be as simple as 

possible, and the number of parameters should be less, in order to achieve less 

network training time. 
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The traditional expression recognition method mainly uses Gabor wavelet, Haar feature 

and LBP[2] local binary mode to extract expression features. These algorithms are 

mainly for local pixel points in expression features, and often ignore the internal 

connection between pixels in the whole image. Usually, the hand-featured expression 

feature extraction method is time-consuming and labor-intensive, and the extracted 

features directly determine the quality of the expression classification, and the 

recognition effect in the complex scene needs to be improved. 

Convolutional neural networks have been widely used in computer vision, and have 

achieved remarkable results in the field of expression recognition. The original image is 

automatically trained and feature autonomously extracted as an input through 

end-to-end training, which further reduces manual preprocessing and is suitable for 

large-scale picture training. 

 

2. VGG model 

The VGG network model [3]is a classic study of the Oxford University Computer Vision 

Group, which provides a deeper network structure based on the Alexnet model by 

linearly stacking 3×3 small convolution filters and 2×2 maximum pooling layers. 

Repeating the use of small convolution kernels in the network can obtain the same 

spatial feature information and receptive field size as larger convolution kernels, and 

the additional Re LU activation function between concatenated convolution kernels can 

improve the network nonlinear characterization. For example, using two 3 × 3 

convolution kernels can cover 5 × 5 regions, which can reduce the parameter amount 

by 28%; using three 3 × 3 convolution kernels can feel 7 × 7 feature information, but 

reduce With about 45% of the parameter quantity, the series convolution method can 

still achieve fast convergence and training in deep networks. The VGG model uses a 

smaller convolution kernel and a pooled kernel to make the network's layers deeper 

and the feature map is wider, but the continuous three-layer fully connected layer 

makes the model use huge parameters, which consumes more computing resources 

and training costs. Table 1 shows the network structure of VGG16. 

 

Table 1. VGG 16 network model 

 Network layer Output shape Parameter 

Input layer Input (None,224,224,3) 0 

First 
(3×3 convolution /64) *2 
Maximum pooling layer 

(None,112,112,64) 38720 

Second 
(3×3 convolution /128) *2 

Maximum pooling layer 
(None,56,56,128) 221440 

Third 
(3×3 convolution /256) *3 

Maximum pooling layer 
(None,28,28,256) 1475328 

Fourth (3×3 convolution /512) *3 (None,14,14,512) 5899776 
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Maximum pooling layer 

Fifth 
(3×3 convolution /512) *3 

Maximum pooling layer 
(None,7,7,512) 7079424 

 Fully connected layer (None,4096) 102764544 

 Fully connected layer (None,4096) 16781312 

 Fully connected layer (None,1000) 4097000 

 
3. Improved network model based on VGG16 

The VGG model was improved during the expression recognition experiment. A batch 

normalized BN layer was added between adjacent convolutional layers. A random 

inactivation dropout operation was added between each convolution and added before 

the last three convolutions. The purpose of using the dropout operation is to optimize 

the training of the network, and randomly reset the weight or output information of 

some neurons in the middle layer to 0, which increases the sparsity and independence 

of the network, reduces the over-fitting phenomenon, and improves the new The 

adaptability and robustness of the data. In terms of network structure and network 

parameters, in order to reduce the training time and the number of network 

parameters, the first two fully connected layers are deleted, and the number of 

neurons in the last fully connected layer is set to 0, 256, 512, and 1024. Each node of 

the fully connected layer is connected to all the nodes of the upper layer, and its main 

function is to combine the features learned by the convolutional network, and the 

parameters are the most. The activation function of the fully connected layer is often 

nonlinear, and it can also increase the nonlinear inference ability of the model features 

(the nonlinear combination of the learned features). Finally, the features learned by the 

convolutional network are transformed into the classification through nonlinear 

mapping. Probability. The adaptation of neural networks is a very important task. The 

number of different connected-layer neurons will have different effects on the response 

of neural networks. In this paper, four commonly used (0, 256, 512, 1024) fully 

connected neurons are used for experiments. Among these four connections, a fully 

connected layer is more suitable for facial expression features. In order to make the 

experimental results more convincing, the same optimizer, learning rate and other 

network parameters were used in this experiment. Finally, the number of neurons in 

the fully connected layer was selected by experiment. 

 

4. Experimental results and analysis 

4.1 Experimental database 

This article uses the FER2013 facial expression public database for expression 

recognition experiments. The experimental data divides human expressions into seven 

basic expressions: Angry, Disgust, Fear, Happy, Sad, Surprise, Neutral, and 
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experimental data. Both are grayscale images of 48x48 pixels. 

In this paper, the data is enhanced by means of data expansion. The image is rotated 

by 10 degrees, the horizontal and vertical directions are translated by 10 degrees, the 

horizontal and vertical mirror images are transformed and combined operations are 

obtained, and a large number of transformed images with spatial correlation are 

obtained. The image enhancement effectively enhances and enriches the 

experimental data, and improves the robustness and adaptability of the model. 

 

 

Fig.1 FER2013 face expression database 

 

4.2 Experimental result 

This paper uses the classic VGG convolutional neural network and the improved VGG 

convolutional neural network to train the FER2013 dataset. Classic VGG method in 

Private Test the accuracy rate is 65.58%[4], and the improved VGG network can be 

seen from Figure.3. When the number of neurons in the fully connected layer is 1024, 

the accuracy rate is 67.34%. When the number of neurons is When the number of 

neurons is 512, the accuracy rate is 68.06%. When the number of neurons is 256, the 

accuracy rate is 68.98%. When the number of neurons is 0, the accuracy rate is 

69.43%. It can be seen that when the fully connected layer is completely discarded, 

the recognition rate becomes higher and the convergence speed becomes faster. The 

comparison result graph and the recognition effect diagram of the network training are 

shown in the figure below. 
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Fig.2 Different neuron recognition accuracy 

 

The expressions identified in this time are divided into seven types. The following figure 

shows the test pattern based on the improved VGG16 network model when the number 

of connected neurons is 0. 

 

 

Figure.3 Expression recognition test effect chart 

The following figure shows the frequency histogram of the test effect diagram: 

  

Figure.4 Emotion recognition as the frequency histogram of angry 
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5. Conclusion 

As can be seen from Figure.3, based on VGG16, reducing the number of layers in the 

fully connected layer and the number of neurons in the fully connected layer can 

reduce the training time and increase the recognition rate. For the selection of the 

network, there is a certain knowledge. For some network models with more 

connections, the number of all-connected layers and the number of connected-layer 

neurons can be deleted to reduce the network training time and improve the 

recognition rate of the system. 
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