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Wood Failure Percentage Measurement Method Based on
Grayscale and Color Image Processing

YANG Bin, HAO Jingxin', LIU Tuoyu, XU Dapeng, LU Cheng

(College of Material Science and Engineering, Central South University of Forestry
Science and Technology, Changsha 410004, China)

Abstract: A fastdigital measurement method of cross-laminated timber wood failure percentage based on grayscale and
colorimage processing was proposed. To verify the feasibility of thismethod, the shear failure samples prepared with larch
and carbonized bamboo as the base material and phenolic resin and isocyanic acid as the adhesives were tested underdry
and wet shear conditions. The results show that the wood failure percentage calculated by the gray-scale and colorimage
processing methods are in good agreement with the experimental values, and the errors meet the requirements of engineering
applications. However, the color change ofthe wood damage level and the wood failure percentage image have a greater
impact onthe measurement accuracy. Among them, the change ofthe inherent color of the adhesive has a greater impact
onthe accuracy of the threshold segmentation gray-scale wood failure percentage image measurement method, while the
environmental impactis the main factor ofthe color wood failure percentage measurement method ofpixel statistics.
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Table 1 Variable and experimental level of specimen

Level factor Adhesive(A) Shear state(B)
1 PF Wet
2 MDI Dry

F2 WKEMRKKBAS

Table 2 Test combinations of specimens

Group Code Adhesive(A) Shear state(B)
1 Al1B1 PF Wet
2 A1B2 PE Dry
3 A2B1 MDI Wet
4 A2B2 MDI Dry
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Fig. 1 Image acquisition equipment and environment
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Fig.2 Digital measurement method of wood failure percentage
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Table 3 Measurement results of three kinds of wood failure percentage under different conditions
%
Al1B1 AlB2 A2B1 A2B2
No.
Experiment  Colour  Grey  Experiment Colour  Grey  Experiment Colour  Grey  Experiment Colour  Grey
1 10. 00 10. 65 9.54 11. 00 14.42 13.41 25.00 32.40  20.10 25.00 24.41 41.94
2 49.00 53.01  50.42 65. 00 68.08  63.87 9.00 10.90  23.51 27.00 24.32  79.69
3 63.00 66.94  64.10 63.00 67.49  65.97 19. 00 22.50  16.50 19.00 24.69  85.94
4 27.00 29.99  28.79 35.00 41.34 40.74 17.00 20.95  43.69 44.00 28.91  10.05
5 40. 00 49.20 43.11 49.00 52.85 51.24 17.00 21.72  32.94 35.00 38.65  70.88
6 62.00 65.29  64.92 58.00 71.87  69.82 36. 00 40.19  26.97 36.00 39.54  82.58
7 89. 00 93.46  92.65 87.00 97.14 94.24 14.00 19.60  37.97 45.00 39.70  63.23
8 52.00 66.88  50.00 56.00 71.08  70.24 21.00 15.89  12.75 21.00 25.46  31.96
9 58.00 61.48  59.97 59.00 65.63  61.35 23.00 32.00  20.10 32.00 30.03  82.14
10 46.00 44.62  44.85 44.00 53.47  47.27 32.00 34.00 12.54 34.00 25.28 65.14
11 66. 00 72.27  64.99 68. 00 83.17  82.71 23.00 30.25  17.98 23.00 35.62  64.21
12 62.00 65.24  65.19 70. 00 71.09  69.94 34.00 36.34  23.56 34.00 25.62  62.12
13 60. 00 62.48 61.28 62.00 63.17  64.09 42.00 50.30 24.44 42.00 35.11  61.71
14 75.00 79.52  75.91 75.00 77.17  78.17 41.00 45.89  31.31 41.00 25.65  66.15
15 25.00 24.01  24.99 29.00 25.18  25.00 27.00 29.57 15.48 27.00 30.51  62.51
16 85.00 87.15  87.09 85.00 89.47  88.13 33.00 38.51  25.45 33.00 26.11  49.99
17 90. 00 93.14  93.10 93.00 93.85 92.57 31.00 28.28  31.00 31.00 30.55  82.15
18 78.00 76.21  77.29 74.00 77.28 78.00 75.00 78.48  59.35 75.00 72.79  95.51
F4 TNESEHEUEEMTE RESHT
Table 4 Variance and error analysis of measured value and image measured value
AlB1 Al1B2 A2B1 A2B2
Variance type

Colour Grey Colour Grey Colour Grey Colour Grey

F value 0.23 0.24 0.61 0.33 0.58 0.29 0.32 26.58

Variance analysis F critical value 4.13 4.13 4.13 4.13 4.13 4.13 4.13 4.13

Significance No No No No No No No Yes

Absolute error 4.05 1.77 9.24 7.81 4.69 11.42 6.17 33.43

Relative error/ % 8.00 3.00 18.70 15.78 19. 51 53. 20 19. 30 112.00
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(a) PF-light color image (b) PF-dark color image (c) MDI-light color image

(e) C1,PF-gray value (f) Bl,PF-gray value (g) Al,PF-light color (h) G1,MDI-gray value (i) F1,MDI-gray value (j) E1,MDI-light color
of dry adhesive of dry wood image contrast
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(p) E2,MDI-dark
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of dry bamboo of dry wood image contrast

(m) A2, PF-dark (n) G2,MDlI-gray value (o) F2,MDI-gray value
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(k) C2,PF-gray value (1) B2,PF-gray value
of wet bamboo of wet wood image contrast of wet adhesive of wet wood image contrast
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Fig.3 Analysis diagram of gray value and brightness change of gray image
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Fig.4 Threshold segmentation results under different conditions
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Fig.6 Schematic diagram of selected area under different conditions

(f) Dry-MDI
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