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Defect detection on the outer surface of valve core based on MM-Net
XIONG Xinzhou, XIAO Ziyao, ZHU Xiaolei, YE Mu
(School of Mechanical and Automotive Engineering, Shanghai University of Engineering Science, Shanghai 201620, China)

[ Abstract] The valve core is an important part of the fuel injector. The complex processing technology and processing environment
will results in various forms of production defects in some valve cores. The traditional manual visual inspection has defects such as
strong subjectivity and low detection efficiency. Based on this, this paper proposes a MM —Net—based spool outer surface defect
detection method. The proposed MM —Net detection model consists of four models including pyramid—based multi-level feature
extraction modules and multi—scale feature fusion modules based on attention mechanism et al. The combination of multiple modules
effectively realizes the extraction, purification and fusion of defect features on the outer surface of the valve core. While judging the
defect type, the location of the defect position is realized. Finally, through comparative experiments, the advantages of the method

proposed in this paper are verified in the detection of defects on the outer surface of the valve core.
[ Key words] valve core; defect detection; deep learning; semantic segmentation; multi-module fusion
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Fig. 1 MM-Net spool outer surface defect detection model
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Tab. 1 Feature extraction network
Network Input layer A - Convl A - Con2 A - Conv3 A - Convd A - Conv5
3 X 3 max pool.stride = 2
1x1,1283 41x1,256 3 1x1,512
[7x7,64] A1x1,64 ) g g
A-ResNet50  224x224x1 & Y Z3x3,128, x4 :3x3,256 ,x6 23x3,512 .3
stride = 2 “3x3,64 - x3 £
g ’ 11,512 I1x1,1 024 1x1,2 048
1x1,256
Output size 1 024x64x1 512x320%x64 256x160%x256 128x80x512 64x40x1 024 32x20x2 048
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Fig. 2 Structural design of three modules
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Fig. 3 Feature fusion module
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Fig. 4 Feature enhancement and refinement module
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Tab. 2 Workstation configuration
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Tab. 3 The number of samples of various defects
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Fig. 6 Various defect features after preprocessing
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Fig. 7 Detection results of part of the outer surface of the valve
core based on MM—Net
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Tab. 4 Comparison of detection results of spool outer surface

defects based on different models

Model Precision/%  Recall/% MloU/ % Time/ s
FCN 48.93 50.21 51.26 0.065
UNet 63.25 70.91 58.73 0.046
DeepLabv3 78.72 83.61 78.12 0.049
EncNet 73.21 75.39 70.61 0.045
SegNet 72.65 76.19 70.23 0.048
PSPNet 79.81 80.61 75.87 0.051
MM-Net 81.63 88.02 82.35 0.056
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