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An Adaptive Thresholding Algorithm Based on Grayscale Wave

Transformation for Industrial Inspection Images

WEI Weil:? SHEN Xuan-Jing!? QIAN Qing-Ji®

Abstract The industrial inspection images are usually under non-uniform illumination, and local adaptive thresholding
algorithms have better segmentation performance on them than the global ones. But the local algorithms based on
image’s sub-blocks are short of instructions for partitioning, and the local algorithms based on pixel’s neighborhood will
probably cause some misclassifications within the background or foreground. To resolve these problems, a novel adaptive
thresholding algorithm based on multi-directional grayscale wave transformation is proposed in this paper. Firstly, it
performs the transformation by grayscale waves in multi-directions to get a matrix of multi-dimensional vectors. Secondly,
the vectors are compressed to one dimension using the principal component analysis (PCA) method, and then the Otsu
global method is employed to find optimal wave threshold for segmentation on this matrix. This algorithm does not
need partitioning the image any more and only takes the peak height threshold and the boolean background color as
its two parameters. Experiments demonstrate that this method has a excellent capability of decreasing the influence of
non-uniform illumination in industrial inspection images, and its segmentation performance is better than several other
local thresholding algorithms, such as Niblack’s method and Sauvola’s method.
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Fig.1 The grayscale waves of Rice image
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Fig.2 The illustration of 1D grayscale wave

transformation
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transformation in 8 directions
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Fig.4 The performance and time costs of grayscale wave

transformation under various direction combinations
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Fig.8 The comparison experiment results using various methods, including 2D Otsu method, Niblack’s method,

Sauvola’s method, Chou’s method, and our method
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Fig.9 The segmentation result of image that contains

image

background noise using our method
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Table 1  Comparison of ME values and CPU time between our method and other methods
ME f{& /¥&i} 4t Otsu & Niblack % Sauvola % Chou % KT
PLTAR I Pl 1% 0.1269/15 ms 0.0915/1 156 ms 0.0941/1 160 ms 0.0946/15 ms 0.0102/734 ms
JrkE B 0.0678/16 ms 0.1537/469 ms 0.6165/468 ms 0.0339/15 ms 0.0218/250 ms
WAEIEE 0.5325/16 ms 0.5359/1 250 ms 0.0673/1 266 ms 0.3115/16 ms 0.1842/781 ms
a5 L5 0.6265/16 ms 0.6377/1 266 ms 0.0981/1 250 ms 0.4027/15ms 0.1201/766 ms
T i 5 0.4841/15ms 0.6132/1 265 ms 0.0874/1 266 ms 0.4420/16 ms 0.2691/781 ms
BT 0.6867/16 ms 0.5958/1 250 ms 0.0853/1 266 ms 0.5539/16 ms 0.3893/797 ms
T R EEIG 0.4320/15ms 0.4644/516 ms 0.2248/515 ms 0.2512/15ms 0.0145/265 ms
Wit Pl 152 0.2278/16 ms 0.2675/187 ms 0.3863/172ms 0.1105/16 ms 0.0696,/94 ms
ERVRISC A P 15 0.4274/16 ms 0.0550/1 250 ms 0.0114/1 266 ms 0.2164/15ms 0.2093/797 ms
CE A SSLEN 0.2915/15 ms 0.4097/1 219 ms 0.3089/1 222 ms 0.1977/12ms 0.1665/736 ms
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