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Abstract An elevator wire rope is a key component for carrying the weight of carriages. To address the problem
that wire rope defects cannot be detected online, a method to identify broken wires using hyperspectral image
processing is proposed. First, the spectral band image with the greatest difference between the sample and
background was selected. Then, Otsu adaptive threshold segmentation combined with the Hough transform was
used. The number of pixels in the diameter of the wire rope in the image was used to determine whether the extent
of breakage meets the scrapping requirement. The mean square error, peak signal-to-noise ratio, and structural
similarity values experimentally obtained using this method were 650. 9, 19. 9957, and 0. 9404, respectively.
Results indicate that combining Otsu threshold segmentation and the Hough transform to process images of elevator
wire ropes is effective, providing a new method for the rapid detection of wire rope defects.
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Fig. 1 Wire rope detection system

22 B FEATCE AL T O 59— dE AR L 5 L

TS, B2 WS, % B S ER i El o 25 ms,
RAE B Y EMR WS i T H
2.2 SRIGHEAR

SO REAS A B BR 2R 5 X 22 48 N PR E B 5T AT AR
e ERERL SN 6 X 25Fi+IWR, 2N 6 mm, 1M

Ton IR JCHT 0 9 4 22 2 . K 4 22 48 5 W7 A0 = B

o — L AR 22 S8 N L BB A5 AR iC BT 22 b,

Bl 2 i 2 d AR

Fig. 2 Damaged wire rope sample
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Fig. 3 Hyperspectral images of wire rope with defects. (a) 410 nm band image; (b) 470 nm band image; (c) 566 nm

band image; (d) 661 nm band image; (e) 737 nm band image; (f) 793 nm band image
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Fig. 4 Spectral curves of the wire rope area with the defect and the background area. (a) Reflectivity of randomly selected

ROIs; (b) two parts of ROI reflectivity after average processing
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Fig. 5 Hyperspectral images and gray histograms. (a) 406 nm band image and its grayscale histogram; (b) 566 nm band

image and its grayscale histogram; (c) 645 nm band image and its grayscale histogram
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Fig. 6 Image threshold segmentation results at different wavelengths. (a) 406 nm band image; (b) 566 nm band image;

(¢) 645 nm band image
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Fig. 7 Comparison of edge detection results based on different operators. (a) Roberts operator; (b) Sobel operator;

(¢) Prewitt operator; (d) Canny operator
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Fig. 8 Hyperspectral images after Hough transform. (a) Based on Roberts operator; (b) based on Sobel operator;

(¢) based on Prewitt operator; (d) based on Canny operator
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Table 1 Number of pixels at different positions of the wire rope

Position 1 2
Number of pixels N; 94.13 91.01 93.02
Absolute deviation value 2.11 1. 01
Distance value 2.09 1. 00
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Table 2 Treatment effect of different methods

Treatment method MSE PSNR SSIM
Otsu segmentation 1888. 4 15. 3699 0.9572
Hough transform 5316. 8 10. 8743 0. 0024

Otsu+ Hough 650.9 19. 9957 0. 9404
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