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Abstract

Hot-dip galvanized steel(GI) is widely used throughout the industry as a corrosion resistance material.
Corrosion of steel is a common phenomenon that results in the gradual degradation under various
environmental conditions. Corrosion monitoring is to track the degradation progress for a long time.
Corrosion on steel plate appears as discoloration and any irregularities on the surface. This study
developed a quantitative evaluation method of the rust formed on GI steel plate using a superpixel-
based DBSCAN clustering method and k-means clustering from the corroded area in a given image.
The superpixel-based DBSCAN clustering method decrease computational costs, reaching automatic
segmentation. The image color of the rusty surface was analyzed quantitatively based on HSV(Hue,
Saturation, Value) color space. In addition, two segmentation methods are compared for the particular
spatial region using their histograms.
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%713k
- Cluster center : ¢, =[L, a, by, x, y[
- Label: (i) = — 1 for each pixel
- Distance: d(i) = o for each pixel

W 14
repeat
for each cluster center C, do
for each pixel i in a 25 x 2Sregion around C, do
Compute the distance D between C, and i
if D<d(i) then
di)=D
1) =k
end
end
end
Update: (1) Compute new cluster centers
(2) Compute residual error E
until £ < threshold
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Fig. 1. lllustration of the DBSCAN cluster model[16].
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Fig. 2. Flowchart for rust analysis using the k-means
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Fig. 3. GI 1 year exposure. (a) ROl is marked by a green
rectangle, where offset is 5 pixels, (b) Segmented image
using the grab—cut.
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Fig. 4. (a) The largest inscribed rectangle, (b) Cropped
image.
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Fig. 5. Gl 1 year exposure, k—-means method. The left column shows the clustering and the
right column displays their corresponding histograms.
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Fig. 6. GI, 1 year exposure. (a) superpixel with k = 1000, (b) superpixel

based DBSCAN with =5, MinPts = 1
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Fig. 7. The figures in the first column correspond to (a) 2, (b) 3, (c) 5 and
d?6 years exposure. The figures in the second column are the result of
superpixel based DBSCAN with k£ = 1000, ¢=5, MinPts. = 1.

Table 1. The numbers of regions for each exposure material and top and the upper and lower areas(%, percentage).

0,
Veur Clustering m— Area percentage (%)

No. Ng‘ ; No. 2 No. 3 No. (n-1) No. n
1 621 16.3106 1.7476 1.5354 0.0103 0.0086
2 552 11,1924 45138 3.5677 0.0108 0.0018
3 585 4.2828 2.9598 2.1664 0.0136 0.0114
5 513 13.4817 4.2562 3.5373 0.0258 0.0200
6 92 59.2676 8.1022 5.8331 0.0536 0.0482
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Fig. 8. (a) The nonblack part is the largest region of the Fig. 6. and (b)

histogram.
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