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• Section 1 (introduction):

➢ Before putting into use, metal parts shall be strictly tested to see if 

there are defects on their surfaces. Compared with using traditional 

methods such as SIFT to detect defects, using deep learning to detect 

defects can greatly improve the accuracy. Common deep learning 

defect detection methods such as RCNN series have high detection 

accuracy, but there is a problem that the model is complex and not 

easy to integrate. 

➢ CenterNet has the advantages of simple model, short inference time 

and easy integration. This paper is based on CenterNet to detect 

scratches and pits on the surface of metal parts. Firstly, the images 

taken by the camera are cropped and rotated, and the brightness 

contrast is adjusted to produce an expanded dataset, and the defect 

location is determined. Next, the training of the model is completed. 

Finally, the trained model is integrated into modules, and the design 

interface is convenient for other modules to call.

Section 2 (principle):

➢ CenterNet model predicts the category heat map, detection frame 

dimension map, and detection frame center offset map, which are 

the same size as the input image, then use output from the 

network to convert them into detection frames. The principle of 

CenterNet model is shown in Figure 1. Before the pictures are 

input into the CenterNet model, they are uniformly transformed 

into 512 pixels in length and width, First, input the images to 

ResNet backbone network, and predict three maps with the same 

size as the input. One is a category heat map, and each category 

corresponds to a channel. A pixel in each channel represents the 

probability that the pixel is the center point of the object detection 

box of this category. The other two figures represent the length, 

width and offset of the frame centered on the pixel.

Fig.  1 The training flow chart of CenterNet

➢ This paper selects mAP (Mean Average Precision) as the model 

evaluation index. Each detection box has a certain degree of 

confidence. When the confidence reaches a certain threshold, the 

box will be regarded as a prediction box, and the output box that 

does not reach the threshold will be ignored. the intersection over 

Union (IoU) of the two boxes will be calculated, the ratio of the 

overlapping area of the two boxes to the total area. The detection 

is considered successful when the IoU of the two boxes reaches a 

certain threshold.

Fig.  2 IoU is the ratio of the overlapping area of the two boxes to the total area.

Section 3 (experiment):
➢ The dataset used in this paper comes from the metal casting 

pictures collected by the camera. The complete pictures are cut to 

get the pictures of the area to be tested. In order to enable the 

network to improve the effect of defect recognition, the image is 

randomly cropped, scaled and rotated within a certain range, and 

the brightness and contrast of the image are slightly changed.

➢ CenterNet in Mmdetection and its pre-training model in COCO 

dataset are used to finetune the model using defect dataset. 

Firstly, convert the dataset to the intermediate format specified in 

the MMdetection framework. 

➢ Next, download the pre-training model from the MMdetection

model library, including the model configuration file and pre-

training parameter file. 

➢ Finally, model training, model evaluation and actual detection are 

carried out, MMdetection framework API is called, data sets and 

models are built according to the model configuration file, and 

training is started. During the training process, multiple model 

evaluations are conducted. After the last training, the evaluation 

result is that the mAP is 0.903, and the detection effect reaches 

the goal. Figure 3 shows two pictures of actual detection results. It 

can be seen that the pits and scratches in the image have been 

detected.

Fig.  3 Results of the defect detection

Conclusion

➢ This paper has completed the defect detection of metal castings 

based on CenterNet. The model selects mAP as the evaluation 

scheme, and the evaluation result of mAP is higher than 0.9, with 

excellent detection effect. 

The precision and recall rate can be calculated by comparing with

the true value of the dataset with different confidence threshold

values. Corresponding to a point in the precision recall curve (PR

curve), the area enclosed between the entire PR curve and the two

coordinate axes is AP.

AP =𝑃 𝑟 × ∆𝑟

Where P(r) represents the functional relationship between the

accuracy rate and the recall rate, ∆ r represents the difference

between the recall rates of adjacent data. The average value of

different types of AP is mAP. The higher the mAP value, the stronger

the model detection ability.

AP =
σ𝐴𝑃𝑛
𝑁

In which, 𝐴𝑃𝑛 represents the nth category of AP, and N represents

the total number of categories.


