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Abstract: In recent years, with the improvement of hardware computing power and the innovation 

and development of artificial intelligence algorithm, deep learning algorithm has been widely used 

in target detection. At present, the epidemic situation in China has been basically effectively 

contained, but prevention and control should not be too lax. Wearing masks is still essential in some 

public places, and naked eye identification to determine whether pedestrians are wearing masks is 

inefficient and poses great risks. Based on this, this article use YOLOv4 algorithm training wore 

detection model and realized with the real-time streaming video and static images or video input 

mask wear tests, the mAP on the test set reached 80.5%, on the speed and accuracy can meet the 

demand of real-time detection, wore for subsequent research and development of intelligent detection 

system provides a technical support. 
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__________________________________________________________________________________________ 

 

1. INTRODUCTION 

Wearing a mask is an effective way to isolate and contain the Novel Coronavirus and prevent COVID-

19. In order to protect people's health and life safety and minimize and eliminate the impact of the 

epidemic on production and operation, it is necessary to supervise and remind workers who have 

resumed work and production to wear masks properly. Relying on naked eyes to observe whether to 

wear a mask not only costs manpower and material resources, but also has a great risk of missing 

detection and infection in close contact. Therefore, mask wearing detection has high research and 

application value. 

At present, a small number of scholars nationwide have conducted studies on mask wearing detection. 

Niu Zuodong et al. proposed an improved RetinaFace mask wearing detection algorithm based on 

ResNET-152 network, which has a low FPS (Frames Per Second) and is not suitable for actual 

detection environment. YOLO (You Only Look Once) algorithm is a one-stage method, which is also 

the pioneering and representative work of One-stage. It expresses the detection task as an end-to-end 

regression problem, and is named for obtaining the category and target position by processing the 

image Only Once. Compared with previous excellent target detection methods, YOLO algorithm has 

higher detection accuracy, faster detection speed, better real-time effect and simpler structure. 

However, YOLO is relatively weaker than some other deep learning algorithms in accuracy. At this 

stage, the performance is better and better real-time mask detection algorithm is one of the research 
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direction, and balance performance and real time is also the development trend of the future, fourth 

edition (YOLOv4) currently YOLO algorithm in real-time and detection performance both have top 

performance, so this article by YOLOv4 algorithm for detecting pedestrians wear masks. 

 

2. MASK WEARING DETECTION METHOD BASED ON YOLOV4 

2.1 Introduction of YOLO V4 model 

YOLOv4 uses CSPDarknet53 as the backbone network, PAN path aggregation network as the neck, 

and YOLOv3 as the head. Spatial pyramid pooling (SPP) module is introduced in CSPDarknet53, 

which can significantly improve the size of the experience domain and extract the most important 

upper and lower features without significant decrease in network processing speed. In addition, 

YOLOv4 uses Path aggregation network (PAN) to replace Feature pyramid network (FPN) for multi-

channel Feature fusion. As shown in Figure 1, the feature information below FPN can reach the upper 

pyramid only after passing through multi-layer network, which may lead to information loss. Bottom-

up path enhancement is added to the PAN network structure to avoid information loss. The 

information obtained after feature graph splicing has both underlying features and semantic features. 

2.2 YOLO V4 detection principle 

YOLO V4 firstly extracted the features of the input images through the backbone network and divided 

the input images into S×S grids. The grid where the target center is located is responsible for the 

detection of masks. Each grid needs to predict B boundary boxes and the conditional probability of 

wearing masks and not wearing masks. Each boundary box contains five predicted values (TX, TY, 

TW, TH and confidence), then the coordinates of the center point of the boundary box and the width 

and height of the boundary box are respectively: 

𝑏𝑥 = 𝛿(𝑡𝑥 + 𝑐𝑥) 

𝑏𝑦 = 𝛿(𝑡𝑦 + 𝑐𝑦) 

𝑏𝑤 = 𝑝𝑤𝑒
𝑡𝑤 

𝑏ℎ = 𝑝ℎ𝑒
𝑡ℎ 

Where, (𝑐𝑥 , 𝑐𝑦) is the position coordinate of the upper-left corner of the grid offset image; 𝑝𝑤and 𝑝ℎ are 

the width and height of the template frame, 𝑡𝑥、𝑡𝑦、𝑡𝑤、𝑡ℎ are the center coordinates and width and 

height of the prediction model. δ(x) is a Logistic function. 

The regression loss function used by YOLO V4 in training is 𝐿𝐶𝑙𝑜𝑈, confidence loss function is  𝐿𝐶𝑜𝑛𝑓, 

classification loss function is 𝐿𝑐𝑙𝑎𝑠𝑠 , and the non-extreme value screened by the pre-test box is 

DIOU_nms. CIoU can achieve better convergence speed and accuracy on bounding-box (Bbox) 

regression problems. The penalty term 𝑅𝐶𝑙𝑜𝑈 of CIoU is 

ＲＣ𝑙𝑜𝑈＝
𝒫2(𝑏,𝑏𝑔𝑡)

𝑐2
+av 

Among them 

a=
𝑣

1−𝐼𝑜𝑈+𝑣
   

v=
4

𝜋2
(𝑎𝑟𝑐𝑡𝑎𝑛

𝑤𝑔𝑡

ℎ𝑔𝑡
− 𝑎𝑟𝑐𝑡𝑎𝑛

𝑤

ℎ
)2   

The meanings of symbols in the formula are shown in Table 1 below: 
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Table 1 Symbol meaning mapping table 

symbol meaning symbol meaning symbol meaning 

𝓟 

Euclidean distance 

between two central 

points 

b 

The center 

point of the 

predictive 

box 

𝑏𝑔𝑡 

The center 

point of the 

true box 

c 

The diagonal length 

of the minimum 

external moment of 

two center points 

a 

The 

parameters 

of the Trade 

- off 

v 
Similarity of 

aspect ratio 

𝐼𝑜𝑈 

The cross ratio of 

the prediction box 

to the real box 

𝑤𝑔𝑡 
True box 

width 
ℎ𝑔𝑡 

True box 

height 

w 
Predictive box 

width 
h 

Predictive 

box height 
  

 

CIoU loss function 𝐿𝐶𝑙𝑜𝑈 is defined as: 

𝐿𝐶𝑙𝑜𝑈=1-𝐼𝑜𝑈+
𝒫2(𝑏,𝑏𝑔𝑡)

𝑐2
+av   

The gradient of the CIoU loss function is similar to the gradient of the distance intersection ratio 

(DIoU) loss function, but the gradient of v is also considered. When the length and width are between 

[0,1], 𝑤2+ℎ2 is usually too small to cause a gradient explosion, so
1

𝑤2+ℎ2
 is replaced by 1. 

𝐿𝐶𝑜𝑛𝑓 and 𝐿𝑐𝑙𝑎𝑠𝑠 are calculated by cross entropy method, and the final loss value is 

Loss=𝐿𝐶𝑙𝑜𝑈 + 𝐿𝐶𝑜𝑛𝑓 + 𝐿𝑐𝑙𝑎𝑠𝑠 

2.3 The overall framework of detection methods 

When the video is input or the real-time detection of the camera is called, the video is first converted 

to the form of a picture, and then the detection method is the same as the image detection method. 

Therefore, the input image is used as an example. 

The mask wearing testing process is divided into four steps: 

(1) Image preprocessing 

The size of the network input image is fixed (416×416), but the uneven size of the predicted image is 

this size, so the input image needs to be adjusted. In order to adjust the image size to 416×416 and 

keep the image aspect ratio unchanged, the experiment adjusted the image according to the ratio of 

416 to the longer side of the image, and then centered it in the new size, and filled the remaining part 

with gray. The filter used to adjust the image size is double cubic filter. The comparison of pictures 

before and after adjustment is shown in Figure 1. 

(2) Use the model to generate the box to be selected 

After image preprocessing, firstly, Keras is used to load YOLOv4 model and weight file and load 

Anchor data, and then the adjusted image is input into YOLOv4 network. Network forward inference 

can obtain three output feature graphs, and network prediction steps are divided into four steps: 
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Fig. 1 Image before and after adjustment, original (left), after adjustment (right) 

 

1. Feature extraction via CSPDarknet-53 trunk feature extraction network, through a 

DarknetConv2D_BN_Mish convolution, And 5 resblock_body times to get three valid feature layers 

of (52,52,256),(26,26,512),(13,13,1024) size; 

2. Input feature layers of (13,13,1024) size into SPP module, maximize the pooling of input feature 

layers with different sizes, then stack the pooling results and input the output results into PANet 

3. The acquired feature layers are first transmitted upward and then downward, and feature fusion 

will be carried out in the process of up-down sampling. The feature layer obtained from the backbone 

network is fused with the output of SPP structure to form a feature pyramid structure and complete 

the feature fusion. Once PANet is complete, very valid features are extracted and then entered into 

YOLO_head 

4. YOLO_head uses extracted features to predict results. 

(3) Network post-processing 

Adjust the network output value as the center, wide, high bounding box, confidence and categories 

the actual values of probability, then put the bounding box and scaling to the shape of the original 

image size, and calculate the bounding box confidence value (bounding box confidence probability 

multiplied by category), then on the basis of confidence threshold (the experimental setup is 0.3), will 

all less than the bounding box of confidence threshold filtering, You get a lot of boxes to check. 

After the candidate boxes are generated, non-maximum suppression (NMS) is performed on these 

candidate boxes to filter out some candidate boxes with high degree of overlap. Finally, the detected 

prediction boundary boxes and their confidence degree are obtained. ImageDraw method in PIL 

library is used to draw the prediction frame onto the original picture for visualization. The mask 

wearing testing process is shown in Figure 2. 

 
Fig. 2 Mask wearing testing process 
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3. EXPERIMENT AND ANALYSIS 

3.1 Data set preparation and experimental environment setup 

In this paper, mask detection model is trained based on YOLOv4 algorithm. In order to train an 

accurate and good model, it is essential to have sufficient and diverse data sets. Therefore, a lot of 

data preparation work was done before starting training. 

Open source mask-wearing image data set was used for training, mainly by crawling baidu and 

Google images - masks, isolation wards, hospital monitoring and other keywords, as well as 

screenshots taken from the news. The ratio of training set to test set was 8:2. The training set consisted 

of 1200 pictures, 600 wearing masks and 600 not wearing masks. Of the 400 test sets, 200 wore masks 

and 200 did not wear masks. There are two types of labels: mask, indicating that the person is wearing 

a mask, and nomask, indicating that the person is not wearing a mask. 

The mask detection model was trained using YOLOv4 algorithm in pyTorch framework. The 

experimental hardware device was AMD Ryzen 7 4800H CPU@2.9GHz, Nvidia GTX1650Ti GPU 

4GB, 16G operating memory, and 500 G SSD storage. The operating system is Windows10 and the 

code running environment is Pycharm2020. Training parameter setting: The learning round is 50 

times, the minimum training batch is 8, and the initial learning rate is 0.001. Adam algorithm was 

used to optimize the network model during the training process. In order to ensure the stable detection 

performance of the trained network, the training data was randomly rearranged before each training 

session. 

Using the idea of transfer learning and using the weight of YOLOv4 to COCO data set as the initial 

weight, frozen Backbone trained 25 epochs and then trained 25 epochs after thawing to get the final 

model. 

 
Fig. 3 Decline of loss function 

 

3.2 Experimental analysis 

Mask wearing was detected through the input pictures, videos and cameras, and the experimental 

results are shown in the figure below. Experimental results show that both the input image, video and 

real-time detection have good detection results, which can effectively deal with interference such as 

occlusion, multiple people, small target, image blur and so on.  
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Fig. 4 Image blur, occlusion, multi-person situation 

 

 
 

Fig. 5 Many people 
 

 
 

Fig. 6 Non-mask shielding 

 

4. CONCLUSION 

In this paper, the mask wearing detection based on YOLO network was studied in detail, and the mask 

wearing detection model was trained using YOLOv4 algorithm under the Framework of PyTorch. 

The mask detection results can be visualized by input real-time video stream, still image or video. 

High accuracy to achieve real-time requirements of video images, good detection results, can 

effectively deal with occlusion, multiple people, small target, image blur and other interference. 

However, there is still room for improvement in the current accuracy of mask detection. False 

positives or missed alarms may occur when masks are wrongly worn. Therefore, the detection 

accuracy can be further improved by improving the algorithm of the detection module in the future. 
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