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Abstract

In vision-based outdoor slope monitoring, an improved high-precision positioning method for
circular signs with Zernike moments is proposed to address the challenges of low accuracy and
poor effectiveness of circular sign center positioning. Firstly, the circular sign image is binarized
and morphology filtered, and then the edge detection of the binarized image is carried out using
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Canny operator to achieve the coarse positioning of the edge of the circular sign. Secondly, the
edge of the circular logo obtained by coarse localization is relocated by combining Zernike mo-
ment method and Otsu method to relocate the position of the edge and determine the sub-pixel
edge points of the circular logo based on the improved Otsu method. Meanwhile, a grey scale gra-
dient optimization based method is used to refine the sub-pixel edges to further improve the ac-
curacy of the localization. Finally, the least-squares ellipse fitting method is used to achieve
high-precision localization of the center of the circular sign. It is proved through experiments that
the improved Zernike moment circular sign high-precision localization method can effectively
improve the localization accuracy and effectiveness of circular signs with higher operational effi-
ciency.
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Figure 1. Flowchart of the method in this paper
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Figure 2. Ideal edge step model
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Figure 3. Grey scale step edge model
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Figure 4. Ideal circle test image
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Table 1. Comparison of centre positioning error results of various methods under different categories of noise
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Figure 5. Collected circular landmark images
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Figure 6. Comparison of RMSE results for centring of circular signs
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