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Abstract: A detection method integrating visual saliency and group decision making was proposed with
the aim of achieving efficient and high-precision detection of hole features in aircraft parts in complex envi-
ronments. First, an image enhancement step was incorporated into the classical frequency-tuned (FT) sa-

liency detection algorithm, and each pixel was assigned a weight based on the center of the maximum sa-
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liency region. This improved method was used for hole region segmentation. Second, a novel mathemati-
cal morphological edge detection algorithm with multi-scale and multi-structural elements was designed.
This algorithm was combined with contour thinning to extract hole contours. Finally, the centroid posi-
tions of the contour points were obtained using the Meanshift algorithm and a new model based on group
decision making was established for calculating the hole radius, thus obtaining key geometric parameters of
the hole features. The results show that the improved visual saliency feature detection algorithm generates
higher-resolution saliency maps that highlight hole features more prominently. This novel mathematical
morphological edge detection algorithm obtains simplified and reliable contour points. It also exhibits a
high robustness under complex conditions, including uneven lighting, various types of hole defects, and in-
terference from the hole interior. This method can still perform hole detection successfully even with a
noise density of up to 30% , and the errors in the coordinates of the center and the radius are less than
0.012 mm. The average detection time is only 0. 236 s. It can accurately and robustly detect hole features
in aircraft parts in complex environments.

Key words: aircraft part; hole feature detection; saliency detection; mathematical morphology; group de-

cision making
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Fig. 1 Original hole images and detection result of classi-

cal FT method
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Fig. 2 Saliency detection results based on preliminary im-

proved F'T method
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Fig. 3 Saliency detection results based on final improved

FT method
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Fig.4 Hole contour detection based on existing operator
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Fig. 5 Detection results of novel mathematical morpho-

logical contour extraction method
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Fig. 6 Process of centroid iteration based on Meanshift
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Tab.1 Pseudocode of algorithm

Algorithm 1 Contour_Fitting

Input:
Cen: Center obtained by segmented fitting
Rad: Radius obtained by segmented fitting
Meanshift: Center localization algorithm
Groupdecision: Radius calculation algorithm
Output:
Circle: Detected circle
PreCen = PreProcess(Cen)
while T, > T, do
Point = Meanshift( PreCen)
end
R = FindRadius( Point, Rad)
Radius = Groupdecision (R)
Circle = DrawCircle( Point, Radius)

o N oy Ul W N

return Circle
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Fig.7 Visual detection test platform for sheet metal parts
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ing and hole defects
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ties on detection results of hole parameters
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(a) Proposed method in this paper
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(b) Measure_circles method
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(c) Robust RANSAC method
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Fig. 13 Detection results of different methods
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Tab.2 Comparison of hole radius detection errors of vari-

ous algorithms (mm)
41 51 ATk H 7k D Jy ik
1 0.007 0.015 0. 029
2 0.015 0.052 0.038
3 0.011 1.001 0.976
4 0.012 0.016 2.897
IR 0.011 0.271 0.985
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Tab.3 Comparison of detection time of various algo-

rithms (s)

4151 AT H % D )5 ik

1 0.218 0.159 0.161

2 0.238 0.204 0.234

3 0.185 0.179 0.169

4 0.302 0.228 3.673

S 253 I 1) 0.236 0.193 1.059
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