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Abstract 
With the rapid development of intelligent technology, more and more researchers are 
carrying out research on facial expression recognition. How to improve the accuracy and 
speed of facial expression recognition has become a hot topic of current research. In this 
paper, we propose an improved YOLOX-Nano network for facial expression recognition, 
adding an attention mechanism module to the original network structure to solve the 
problem of ignoring important features and emphasizing non-important features in the 
original algorithm. We use the JAFFE data set to complete this experiment. Compared 
with the original YOLOX-Nano network, the improved network's facial expression 
recognition accuracy is increased by 2.4%, the recall rate is increased by 8.27%, the F1 
value is increased by 5.19%, And the frame rate is almost unchanged, which can be used 
in actual facial expression recognition. 
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1. Introduction 

As an important communication method in daily life, facial expressions can better reflect people's 
psychological activities at the moment of communication than languages and actions. Facial 
expressions are like indicators of emotions, which contain very rich emotional information. 
Nowadays, with the rapid development of computer application technology, facial expression has 
gradually become a new research hotspot, and it has important research value in fatigue driving 
detection, criminal investigation technology and medical assistance. For example, intelligent driving 
cars can identify whether the driver is in a state of fatigue by identifying the features of the driver's 
facial expressions, so as to avoid the occurrence of traffic accidents; in the field of medical assistance, 
it can assist in judging the current physical and mental condition of the patient by monitoring the 
changes in the patient's expression in real time.  

In this paper, we propose a facial expression classification system based on improved YOLOX Nano 
network, select the JAFFE as the facial expression dataset, and use various methods such as flipping, 
cropping and deformation to expand the dataset. Finally, we choose the CBAM to improve the 
recognition efficiency and accuracy of the model. 
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2. Related Work 

In the 1960s, researchers began to study human facial expressions. Ekman [1] classified human facial 
expressions scientifically based on universal common laws, and divided facial expressions into 6 
categories, such as Figure 1. 

 

 
Figure 1. Face Expression Categories 

 

Since Ekman defined the facial expression category, countless scholars have proposed phased 
improvement plans for facial expression recognition. Before deep learning methods were invented, 
researchers generally used traditional methods to study human facial expressions. The work [2] 
proposed to use equal principal component analysis to extract facial expressions, and then use linear 
regression classification to classify expressions, which improved the robustness of expression feature 
extraction. 

In addition, traditional facial expression feature extraction methods include ICA (Independent 
Component Analysis), Gabor wavelet transform, LBP (Local Binary Pattern) and Scale Invariant 
Feature Transform (SIFT) [3]. Due to insufficient extraction depth and other reasons, the accuracy of 
such methods for facial expression recognition is generally low. In 2006, The work [4] proposed the 
deep belief network, and the research on facial expression entered the era of deep learning. More and 
more researchers are willing to introduce deep learning into the research of facial expression 
recognition. Salunke [5] applied the CNN network to facial expression recognition, Hu proposed a 
network based on the attention mechanism SENet (squeeze-and-excitation network), which can 
suppress the less useful features in the expression pictures according to the importance of the features, 
which got good results. Li proposed a feature extraction method based on deep residual network 
ResNet-50, combined with CNN for facial expression recognition. 

The current expression detection scheme still has space for improvement in detection accuracy and 
detection speed. At the same time, YOLO is used by researchers in many fields of target detection 
due to its fast detection speed and strong model generalization ability. 
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3. Facial Expression Recognition Network 

3.1 YOLOX-Nano 

We selected the YOLOX-Nano network as the basic structure, which is a lightweight YOLO network 
proposed by Ge Zheng in 2021. And we tested its prediction performance on the JAFFE dataset [7]. 
The result is that the mAP reaches 92.98%, the frame rate reached 78fps, and most importantly, the 
size of whole prediction model is only 3813KB. In view of the advantages of YOLOX-Nano 
combining with the recognition accuracy, recognition speed and the model size, we intend to improve 
on the basis of the YOLOX-Nano model. 

 

 
Figure 2. YOLOX-Nano network structure 

 

The advantage of YOLOX-Nano is that it belongs to a lightweight network, and the size of the training 
model obtained is generally small, which is convenient for the daily use of the model. And one of the 
shortcomings of it is that it cannot grasp the correlation between pixels in the image, which makes 
the overall model easy to ignore important features and strengthen unimportant features, so that there 
is still a large space for improvement in the mAP of the final model. The work [8] used the SENet 
(Squeeze-and-Excitation Networks) module to solve the model inaccuracy problem caused by the 
uneven importance of eigenvalues to a certain extent. Therefore, we refer to Hu's work and add an 
attention mechanism module to the FPN module of YOLOX-Nano to achieve the effect of improving 
the accuracy of model recognition. 

3.2 Attention Modules 

In this paper, we employ two attention mechanisms for experiments, namely SENet and CBAM [9] 
(Convolutional Block Attention Module). 

3.2.1 SENet 

The SENet is a model proposed by Hu in 2017, which considers the possible differences in the 
importance of image pixels in different channels. As is shown in Figure 3, it is mainly used to improve 
the recognition accuracy by modeling the correlation of feature channels, important features are 
strengthened, and unimportant features are weakened. 
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Figure 3. SENet structure 

 

3.2.2 CBAM 

The CBAM is a further improvement on the basis of SENet and was proposed in 2018. Based on 
SENet, CBAM takes into account the different importance of pixels in different positions of the same 
channel. It is an attention mechanism module that comprehensively considers space and channels. Its 
basic principle is shown in Figure 4. 

 

 
Figure 4. CBAM structure 

 

 
Figure 5. Channel Attention Module 

 

 
Figure 6. Spatial Attention Module 

 

The CBAM mainly includes Channel Attention Module (CAM) and Spatial Attention Module (SAM). 

As is shown in Figure 5, the CAM is an improvement based on SENet. The original input uses both 
maximum pooling and average pooling. After that, the two outputs are passed through an MLP 
network, and the results are added and then passed through the sigmoid function to obtain the pixel 
weights. And in Figure 5, the SAM is to perform average pooling and max pooling again along the 
channel direction of the result of CAM. After concatenating the two, go through a convolution and 
sigmoid function to obtain the importance of each pixel position. 
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3.3 Improved Network Structure 

The improved YOLOX-Nano network structure has a CBAM attention mechanism module, which is 
shown in Figure 7. The improved network mainly consists of four parts. The first part is the image 
input module, which uses mosaic and mix-up modules to improve the effect of subsequent models. 
The second part is the backbone module, which mainly performs feature extraction on the input image 
and transfers the extracted features into neck. The third part is the improved neck module. In this 
module, we first use CBAM to enhance the feature data from the backbone module, and then transfer 
the resulting data to FPN for feature fusion. The fourth part is the prediction module, which uses 
decoupled head to improve the convergence speed of the entire network, uses anchor free to reduce 
the number of parameters of the feature vector obtained in the final output, uses label assignment to 
filter the detected facial expression labels, and finally calculates the entire the loss value of the model. 

 

 
Figure 7. Improved YOLOX-Nano structure 

4. Experiments 

4.1 Datasets 

This paper selects the facial expression dataset of JAFFE, which is provided by the Department of 
Psychology, Kyushu University, Japan. It contains 213 facial expression images captured by 10 
Japanese female models, including seven expressions such as angry, disgust, fear, happy, sad, surprise, 
neutral, etc. Due to the small amount of data in this dataset, this paper uses image flipping, mirroring, 
translation and other means to expand the dataset. The final dataset size and expression distribution 
are shown in Table 1. Each image has a pixel size of 256x256 and is randomly divided into 852 
training sets and 213 testing sets. 

 

Table 1. Dataset 

Category Angry Disgust Fear Happy Sad Surprise Neutral 

Samples 150 140 165 155 155 150 150 

4.2 Experimental Environment 

The software experiment environment of this paper is Python 3.7.4 and PyTorch 1.10.2 deep learning 
network, GPU hardware parameter is GeForce RTX 3050 Laptop, and the memory is 4G. 
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In order to ensure the effectiveness of the improved method, we set both the improved network and 
the comparison network to the same hyper-parameters, the batch size is set to 4, the initial learning 
rate is set to 0.0001, the epoch is set to 100. 

4.3 Experimental Result 

In order to verify whether the addition of CBAM in Chapter 3 can really improve the accuracy of 
YOLOX-Nano for facial expression recognition, this paper designs a comparative experiment to 
compare the improved YOLOX-Nano network with the original YOLOX-Nano network and a variety 
of other facial expression recognition model for comparison. The recognition effects of various 
models on facial expression recognition are shown in Table 2. 

 

Table 2. Result of Comparative Experiment 

Networks mAP (%) Recall rate (%) F1(%) Frame rate (fps) Size (KB) 

SSD 92.22 85.63 93.14 54 95,915 

YOLOX-Nano 92.98 83.57 85.43 78 3,813 

YOLOX-Nano + SE 94.29 89.29 89.42 73 3,813 

YOLOX-Nano + CBAM 95.24 90.48 89.86 75 3,813 

 

As is shown in Table 2, we can conclude that the original YOLOX-Nano is slightly higher than SSD 
and YOLOX-S in mAP metrics, but the performance in frame rate and model size is far superior to 
the first two metrics. After optimizing by CBAM, the improved YOLOX-Nano network achieved the 
best performance among all reference models in each metrics. As is shown in Figure 8, in the actual 
test of the improved YOLOX-Nano network, the expression category can also be recognized quickly 
and accurately. 

 

 
Figure 8. Practical testing of the improved YOLOX-Nano network 
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5. Conclusion 

In this paper, we improved the original YOLOX-Nano network by using the attention module and 
tested the effect of the improved YOLOX-Nano network in facial expression recognition. The main 
conclusions are as follows: 

Whether adding the SENet or the CBAM, it can be proved by experimental comparison that the 
accuracy of the improved YOLOX-Nano network for facial expression recognition will be higher 
than the original YOLOX-Nano network. But when comparing SE and CBAM, the recognition 
accuracy of the YOLOX-Nano network with CBAM will be higher 

The improved YOLOX-Nano network can be applied to daily facial expression recognition 
requirements due to its lightweight model size and high recognition accuracy. However, there are still 
some shortcomings, such as the generalization ability of the model needs to be improved, and it cannot 
effectively identify the facial expressions that are occluded. In the later work, we will increase the 
diversity of the dataset, further optimize the network structure, and strive to gradually solve these 
problems. 
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