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Surface smoothness identification of laser cladding layer
morphology based on MCL-UNet network

GUO Shi-rui,LIU Yin-yin, CUI Lu-jun,CHEN Yong-qian,ZHENG Bo
(School of Mechanical and Electrical Engineering,Zhongyuan University of Technology , Zhengzhou 450007 , China)

Abstract ; Surface smoothness is one of the most important indicators of the surface quality of multi-pass clad layer. In
order to improve the time-consuming and laborious problem of manual annotation to obtain surface smoothness,an au-
tomatic identification method of surface smoothness of clad layer using image recognition and semantic segmentation
neural network is proposed in this paper. An automatic segmentation network MCL-UNet for multi-pass clad layer mor-
phology based on convolutional neural network U-Net and CBAM is presented. The weight information of the feature
layer from channel dimension and spatial dimension is adjusted based on the CBAM module ,the CBAM is deployed on
the U-Net network with the principle of optimizing the input and output, and the evaluation of improved networks com-
pared on a clad layer dataset is performed. The experimental results show that the MCL-UNet network achieves the av-

erage loU accuracy of 93.76 % on the validation dataset,which is 5. 81 % higher than the original U-Net. The aver-
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age relative error of the surface smoothness by the MCL-UNet model on the test dataset is 3.2 % ,indicating that the

model can effectively improve the segmentation accuracy of the cross-sectional morphology of the multi-pass clad lay-

er,and can accurately output the surface smoothness.

Keywords : image processing;surface smoothness ;semantic segmentation ; MCL-UNet
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Fig. 4 Schematic of the laser cladding system
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Tab. 4 Surface smoothness dataset
R U-Net BN-UNet MCL-UNet Accuracy || FFE U-Net BN-UNet MCL-UNet Accuracy
1 0. 811156 0. 788435 0.791131 0. 809321 11 0.787727 0. 804172 0. 805482 0. 808854
2 0. 897164 0. 846054 0. 842912 0. 824507 12 0.904125 0. 845238 0. 884873 0. 859972
3 0. 818846 0. 84829 0. 855442 0. 848299 13 0. 854947 0. 841739 0. 819284 0. 827329
4 0. 868637 0. 865546 0. 845451 0. 840217 14 0. 862755 0. 850889 0. 852381 0. 783900
5 0. 866903 0. 849955 0. 848687 0. 830056 15 0. 823314 0.776417 0. 810367 0. 807424
6 0. 896462 0. 858813 0. 890592 0. 825196 16 0.922615 0. 813602 0. 872348 0. 879008
7 0. 826446 0. 794545 0. 803928 0. 777059 17 0.787037 0. 812045 0. 786195 0. 800063
8 0. 842893 0. 881060 0. 884297 0. 748151 18 0. 822222 0. 779381 0. 803818 0. 809812
9 0. 843796 0. 799291 0. 809524 0. 827049 19 0. 813565 0. 819923 0. 788682 0. 841880
10 0. 874853 0. 831518 0. 835928 0. 843564 20 0. 853333 0. 842515 0. 860472 0. 865246
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Fig. 6 The quantitative comparison of surface smoothness

on three experimental networks
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