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On-line Paper Defect Identification Based on Fuzzy Fusion of RBFNN

ZHOU Qiang, YANG Yan-nan, LIU Yong, TANG Wei
(Institute of Electrical and Information Engineering , Shaanxi University of Science and Technology ,
Xi'an 710021, China)

Abstract: Current paper defects identification methods has two radical problems. First, every
current method can only identify one or few defects. Second, current methods can hardly detect
the complex paper defects accurately. In view of these problems. based on comprehensive
analysis of paper defect features, research and summary of all kinds of paper defect identification
methods, Fuzzy fusion device is used to conduct feature layer fusion with some paper defect
characteristic values, and combine multiple paper defect identification methods, aiming to achieve
more efficient and comprehensive paper defect identification. According to the construction
equivalence between RBF Neural Network and fuzzy reasoning, the paper defect features
information fusion system on basis of RBFNN has the advantage of simple structure and rapidity.
Experiments have shown that the method presented is practicable to identify the primary paper
defects accurately, including complex paper defects.
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(a) Black spot under front light
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(b) Black spot under back light
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(a) Hole under front light
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(b) Hole under back light
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(a) Bright spot under front light
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(a) The image of fold
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Fig. 4 The image of fold and its gray distribution
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(b) The horizontal (x)max gray scale and min
gray scale distribution curves of crack
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Fig.5 The crack image under back light source and its
gray distribution
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Table 1 The paper defects recognition results summary on the basis of different paper defect characteristic
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Paper defects recognition results
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Fold Crack Bright spot
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Fig. 6 Block diagram of paper disease identification system
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Fig. 8 The realization process of paper defect detection based on fuzzy fusion
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Table 2 The RBFNN desired output of each training samples

Dp(n) Black spot  Hole Fold Crack Bright spot

A 1 0 0 0 0
B 0 1 0 0 0
C 0 0 1 0 0
D 0 0 0 1 0
E 0 0 0 0 1
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Table 3 Input image characteristic values of five groups

The input image characteristic values (f1 (1), f1(2), f1(3), f1(4))

A 24,11.332, 0.010, 0.556 19,12.431,0.098,0.507 30, 12.031,0.105,0.407
88,53.642, 0 ,0.605

B 80, 50.556 , 0, 0.782 100, 54.068, 0 ,0. 882

28, 11.698, 0, 0.511
90, 55.729,0,0. 808

28, 13.544,0.098,0. 507
85,48.473 ,0, 0.755

C 165,13.349,0.922,1.10 160,12.938,0.949,1.024 179,13.566,0.968,0.987 172,14. 836,0.974,1.098 168,14.507,0.935,1.121
D 198,23.468,0.203,1.232 200,24.553,0.196,1.201 204,24.678,0.304,1.354 196,22.569,0.187,1.267 205,21.405,0.104,1. 308

E 235, 3.567,0, 0.550 240, 4.578, 0 , 0.601

245, 3.374, 0, 0.573

254, 3.870, 0, 0.614 242, 4.061, 0, 0.492

F4 FHAHEKEGRHBEER RBFNN i
Table 4 The actual RBFNN output of five group sample

The actual output
Black spot  Hole Fold Crack

Bright spot

0.9829 0.0228 0.0180 0.0041 0.022 0
0.9984 0.0812 0.0160 0.0659 0.001 9
A 1.0055 0.0207 0.0512 0.0330 0.004 5
0.9905 0.0189 0.0347 0.001 3 0.006 3
0.9709 0.0781 0.0238 0.054 3 0.012 4
0.0318 0.9703 0.0159 0.010 2 0.033 9
0.0217 0.9363 0.016 3 0.0571 0.020 6
B 0.0385 0.9639 0.0330 0.0019 0.033 1
0.0278 0.946 4 0.023 1 0.046 2 0.034 1
0.0245 0.9562 0.0108 0.0319 0.021 6

0.0636 0.0385 0.9326 0.0040 0.030 9
0.027 4 0.0152 0.9908 0.002 6 0.022 8
C 0.0120 0.0190 0.9612 0.0225 0.011 3
0.054 0 0.0274 0.947 4 0.003 4 0.028 5
0.010 0 0.0250 0.9654 0.0240 0.010 9
0.0522 0.0138 0.0382 1.001 3 0.027 5
0.009 5 0.0056 0.0045 0.9958 0.012 2
D 0.0211 0.0447 0.0807 0.9565 0.018 6
0.0405 0.0125 0.0268 0.9980 0.015 5
0.008 0 0.0034 0.0012 1.0005 0.002 3
0.0354 0.0214 0.0433 0.0037 0.993 2
0.0203 0.0346 0.0102 0.0300 0.974 8
E 0.0150 0.0191 0.0313 0.0149 1.012 1
0.0270 0.0367 0.0098 0.0247 1. 005 4
0.0100 0.009 8 0.0204 0.0186 1.005 6
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Fig. 9 The sample image for paper disease detection robustness
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