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Quantitatively Determining of Hole-Defects in Korean Pine Lumber Based on
Modal Analysis and BP Neural Network

Wang Lihai Xu Huadong Xing Tao Ni Songyuan

(College of Engineering & Technology, Northeast Forestry University ~Harbin 150040)
Abstract: Inner defects of timber caused a great loss of wood resources, especially valuable wood resources. Therefore,
it was great significant to quantitatively detect wood defects for high-efficient utilization of wood resources. In this paper,
the modal experiment was carried out, using AD-3651-02 FFT analyzer and other necessary instruments, under the normal
circumstances in the laboratory. And the first three orders of intrinsic frequency of 15 Korean Pine specimens with different
positions or diameters of hole-defects were obtained. After that, two parameters ¢; and £, were constructed with the aid of
intrinsic frequency. Here parameter /|, was sensitive to hole-defect’ s position and parameter , was sensitive to its size.
And then £, and ¢, were introduced as input vectors of BP neural network, so the location network and the quantitative
recognition network were constructed to realize training and testing of specimens data. The results showed that whether
Korean Pine specimens with hole-defects or not could be diagnosed directly by variation of intrinsic frequency. At the same
time, the positions and sizes of hole-defects could be recognized effectively by using the location network and the
quantitative recognition network.
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Tab. 1 Mean results of first 3 intrinsic frequencies of Korean Pine specimens
1 2 3
Specimen Number First frequency/ Hz Second frequency/ Hz Third frequency/ Hz
Standard specimen 15 240.56 481.44 618.08
7.8 5 240. 48 480. 04 616.00
Hole between 7" and 8" node ’ ' ’
13,14 5 240.28 481.24 617.08
Hole between 13" and 14™ node ’ ' ’
17,18
’ 5 240.51 479.35 616.55
Hole between 17" and 18" node
3 mm
3 mm diameter’ s hole-defect 3 240.48 481.04 617.20
10 mm 5 240.51 479.35 616.55
10 mm diameter’ s hole-defect ’ ' ’
18 mm 5 238. 64 475.30 611.63
18 mm diameter’ s hole-defect ’ ' ’
26 mm
26 mm diameter’ s hole-defect > 235.91 472.89 606.01
35 mm 5 231.04 461.33 595.70
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Tab. 2  Testing results of location network

Input parameters

Hole-defect’ s position

Ideal output
feal oulpy Actual output value

Aw, /Aw, Aw; /Aw, Aw; /Aw, value
7,8 5.24 0.87 4.57 [0 0 1] 0.000 1 0.045 2 0.989 8
Hole between 7™ and 8™ node 16.58 0.82 13.67 [0 0 1] 0.007 2 0.006 8 0.993 4
o 11.41 0.78 8.88 [0 0 1] 0.005 4 0.007 3 0.965 4
= 18.40 0.91 16. 80 [0 0 1] 0.028 4 0.036 1 0.975 2
z 22.62 0.99 22.37 [0 0 1] 0.006 7 0.007 4 0.994 0
% 13,14 1.64 0.93 1.52 [0 1 0] 0.000 6 0.991 4 0.004 3
2 Hole between 13" and 14™ node 5,24 0.51 2.66 [0 1 0] 0.0085 0.9854 0.0128
z 1.73 0.66 1.15 [0 1 0] 0.003 4 0.976 1 0.009 9
g 3.25 0.66 2.16 [0 1 0] 0.001 7 0.988 5 0.003 9
e 3.22 0.62 2.00 [0 1 0] 0.001 6 0.991 8 0.003 0
= 17,18 22.42 0.46 10.33 [1 0 0] 0.999 5 0.000 1 0.000 6
B Hole between 17 and 18% node  13-20 0.43 5.70 [1 0 0] 0.9823 0.0037 0.0087
15.22 0.49 7.39 [1 0 0] 0.995 1 0.014 2 0.006 4
14.35 0.47 6.71 [1 0 0] 0.000 0 0.000 2 0.000 1
43.43 0.41 18.00 [1 0 0] 0.998 2 0.000 1 0.002 0

4.3 3B, 872, 0.009 2,
, 0.01, .
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Tab. 3 Testing results of quantitative identification network
Input parameters d, d, 'F'{elallve
error of recognition/%
Hole-defect’ s Actual output ld —d, |
0, - Wy Wy~ Wy Wa- Wy diameter d,/mm value d;/mm % x 100%
0.20 0.01 0.30 3 3.176 4 5.88
0.16 0.39 0.26 3 2.8650 4.50
0.22 0.01 0.30 3 3.2210 7.37
< 0.41 1.54 0.54 10 9.920 6 0.79
“'f 0.39 1.32 0.62 10 10.026 3 0.26
E: 0.50 1.32 0.56 10 10.102 0 1.02
g 1.82 6.84 5.66 18 17.996 3 0.02
z 2.06 6.92 6.74 18 18.653 2 3.63
g 2.06 6.81 5.98 18 17.8252 0.97
% 4.54 10.52 11.74 26 25.8239 0.68
S 4.62 10.04 11.26 26 26.402 7 1.55
E 4.57 10.04 11.90 2 24.953 3 4.03
9.50 22.04 21.74 35 35.012 8 0.04
9.62 22.04 21.68 35 36.161 4 3.32
9.62 19.56 21.74 35 35.173 9 0.50
o p‘_"*"""“"’" "" [’-”55“6'- Goal is 0.01 o Performancs is 0 0091829, Goal is 0.01
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Fig.3  Aberration-variance curves of testing
A: Locating detection; B: Quantitative detection.
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