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Tablel Fuzzy control rule
=] X1 X2 X3 X y
1 H SE Js sC sQ
2 M SE Js sC sQ
3 H S Js sC HG
4 M S Js sC BO
5 M S J sC sQ
6 H S J Se HG
7 M SE J sC sQ
8 H SE J Se
9 H SE Js SEC
10 M SE Js SEC
u H S Js SEC HG
12 M S Js SEC
13 M S J SEC sQ
14 H S J SEC HG
15 M SE J SEC sQ
16 H SE J SEC TA
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Fig.1 Fruit shape grader

KRB RS BEE

1.2 RIEHHR
TR IGHITE F VA MREA 432 A, #3054 272 A4
WIZRAEA T 160 MIRFEA, Hop Atk 2, B i
AR5 HT 4 MERr Gk 3,
F 2 GEHEARSMNRERD
Table2 Training sample and test sample distribution
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Table3 Test sample statistics
F(D) F() F@3 F(4)

PRI BONE RAME ARMEE CPIME RNME BReME RRfEE P BKE RAME O bRfEE PIME RO BoME AREE

YEREA 00158 0.0612 0.0010 0.0246
MEAEEA 00172 00610 0.0011 0.0217

0.0056 0.0218 0.0005 0.0083
0.0060 0.0215 0.0005 0.0087

0.0066 0.0241 0.0005 0.0101
0.0093 0.0240 0.0003 0.0101

0.0162 0.0608 0.0010 0.0253
0.0097 0.0530 0.0011 0.0146
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Fig.2 Compensation fuzzy neural network fruit grader training
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Table4 Test performance of the grader (sample training of the
monotone increasing order )
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Table5 Test performance of the grader (sample training of the
monotone decreasing order )
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Table6 Test performance of the grader (sample training of the
bell-shape distribution)
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Table7 Test performance of the grader (sample training of the
zigzag distribution)
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Table8 Test performance of the model
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Fig.3 Fitted curve of the total graduation error
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Table 10 Integrative grading error
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Error of the compensation fuzzy neural network fruit grader

Cao Leping *, Wen Zhiyuan?
(1. Hunan Biological and Electromechanical Polytechnic, Changsha 410127, China;
2. College of Science, Hunan Agricultural University, Changsha 410128, China)

Abstract: This investigation analyses grading errors based on compensating fuzzy neural network to find out methods to
improve citrus fruit grading. The first four harmonic components of discrete Fourier transform of citrus fruit images were
sorted according to expected fuzzy values, and formed into four training sample sets which were in the order of monotone
increasing, monotone decreasing, bell-shaped distribution and sawtooth distribution respectively. The new four sample sets
were used to train compensating fuzzy neural network of the same architecture. Test set was sorted in monotone decreasing
order. Test results show that model trained with monotone decreasing sample set has the smallest grading error which is
1.875%. Models trained with bell-shaped distribution, monotone increasing and sawtooth distribution have larger grading
errors, which are 15%, 63.125%, 75% respectively. Grading error is modeled, and analyzed on correlation of grading error and
differential order of sample sets. Results show that grading error is smaller with big correlation coefficient if training and
testing sets are in the same order. On the contrary, if training and testing sample sets are in different orders, the correlation
coefficient is smaller and the grading error is larger. This discloses testing and training sets shall be sorted in the same order
according to qualitative feature as far as possible to improve the correlation coefficients. Performance of auto-grading system
based on neural network model can be improved greatly by sorting samples in the same order.

Key words. the compensation fuzzy neural networks, discrete fourier transform, harmonic component, fruit shape, grading
error



