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Detection and Depth Prediction of Surface Defects on Steel Billets
Using Al Technology in Magnetic Particle Inspection
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Shoji OSAKO and Toru USAMI

Synopsis

Inspecting and removing surface defects on steel billets is crucial for maintaining product quality and preventing defects from
propagating during the finishing rolling. In surface defect inspection, magnetic particle inspection is used to visualize defects.
After visualization, inspection technicians manually judge the defects. This process depends heavily on labor, so that automation
is necessary. Automation requires image processing techniques, but conventional rule-based methods fail to reliably detect subtle
differences in magnetic particle patterns and accurately predict defect depth. These limitations often result in missed detections,
where defects are not detected, or over detection, where non-defective areas are detected. To address these challenges, this study
applies deep learning, which extracts complex features from magnetic particle patterns, improving both defect detection and
depth prediction. Specifically, this paper presents:

(1) a defect detection method based on an object detection AI model, and
(2) a depth prediction method using a custom Al model.
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Table 1. Development specification.

Item Specification

Target Billet (160 mm X 160 mm X length)

Inspection method |Magnetic particle inspection

Detection method  |Image processing + Al

Detection rate Recall 100 %, Precision= 95 %

Depth RMSE<0.3 mm3%
prediction accuracy | Error from the true value
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Fig. 1. Specification of defect map.
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Fig. 2. Schematic illustration of defect patterns visualized
by magnetic particle inspection.
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Fig. 3. Schematic illustration of a steel billet image taken

by cameras.

Table 2. Shooting conditions.

Device |Parameter Setting value

Sensor type CMOS, Monochrome, 8 bit
Camera -

Resolution 2048 X 1536

Aperture F4

Lens Focal length 12 mm

Focus Distance {800 mm
500-600 nm

Filer Band-pass
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Fig. 4. Example of a misjudgment by rule-based image

processing.
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Fig. 5. Example of Image classification using a CNN

architecture.
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Fig. 6. Respective roles of two Al models in the

processing pipeline.
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Table 3. Training condition for defect detection Al.

Al model Object detection (CNN)
Number of training data 2000

Number of test data 250
Optimizer Adam
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Table 4. Types of defects detected by Al model.

Scab

Seam

Surface

Cross-
section

g .‘W - i :
/

Crack

Table 5. Initial detection results for each type of surface

defect.
ltem Scab Seam Crack
Recall 1 1 0.75
Precision 0.96 0.77 0.95
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o X Check the space between defects
Longitudinal Space

:V

T 1..Crack __J..Seam [Crack

Billet width

=100 mm

Seam

Fig. 8. Workflow to change “seam” to “crack” after Al

judgment.

Table 6. Improved detection results for defect detection

Al.
ltem Scab seam Crack Total
Recall 1 1 1 1
Precision |0.96 0.97 0.95 0.96
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Ll
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Fig. 9. Output differences from each Al model: (a)

Classification, (b) Continuous value.
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Table 7. Training condition for depth prediction Al.

Al model ResNet50

Image size 2247224 pixels

Number of training data 500

Number of test data 80

Optimizer SGD
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Fig. 11. Correlation between data size and depth

prediction error.

Defect detection Al Defect prediction Al
. Fully connected layer
Height [—
Width Resize = ﬁ_l Output
\ CNN (ResNet50) 53 1.5 mm
LN
[S——— i L 0.4 mm
s -'_ 1 0.6 mm
Defect size (1, 2)... Width, Height |\ |© ~ Dezthl value
= ultimoda
Defect type (1, 3)... Scab, Seam, Crack _?Additional input data

One-hot vector = (1, 0, 0) (0, 1,0) (0, 0, 1)

Fig. 10. Multimodal Al model.
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Fig. 12. Defect depth prediction results by rule-based
method and image-only Al.
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Fig. 13. Defect depth prediction results by image-only Al
and multimodal Al.

Table 8. Prediction results of each method.

Al [Method RMSE Correlation function
Rule-based |0.37 mm 0.28
O |Image-only |0.31 mm 0.49
O |Multimodal |0.24 mm 0.71
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