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Table 1

Litchi information for sampling in different mature stages

'y FREH (2015 4D RN G

FEAEL
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Number Sampling data in 2015 Time afier fruited/d Sample number Fruit’s size/mm Fruit’s weight/g Soluble solid content/%
04-25
sl April 25 25 20 10.81+1.02 1+0.2
05-02
s2 32 20 16.21+0.8 2.66+0.34 —
May 2
s3 05-09 39 20 22.9642.15 7.1741.25 8.37£1.20
May 9
54 05-16 46 20 26.0141.26 9.97:0.84 9.10+0.59
May 16
$5 05-23 53 20 27.92:2.25 12.30£3.45 12.65+1.30
May 23
s6 05-30 60 20 33.14£2.42 20.83£3.63 12.98£1.72
May 30
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Note: - means the pulp of litchi fruit has not formed vet, so the soluble solid content index cannot be tested.
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Note: R1-R10 are the number of 10 metal oxide sensors of electronic nose, G is
the response value when sensors contact to sample volatiles, G, is the response
value when sensors contact to zero gas.
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Fig.1 Electronic nose for single litchi sampling in mature stage of s5
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MNote: R1-R10 are the number of 10 metal-oxide sensors in the sensor array.
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Fig.2 Loadings for litchi’s volatile
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First linear discriminant factor (Contribution rate was 63.16%)

fEe s1~s6 40500 2k B et FE 6 A eI B4R S

Note: s1-s6 are the number of 6 different litchi mature stages.
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Fig.3 LDA for mature stage detection of litchi
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Fig.4 Accumulate contribution rate of 7 LDs, respectively
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Table 2 Fuzzy C means clustering analysis for litchi’s mature
stage detection

1 A BE Mature stage

sl 52 s3 54 s5 56

i Em

Total accuracy/%

NRES
Accuracy/% 100 60 80 100 95 100 89.17
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Table 3 KNN analysis for litchi’s mature stage
detection of test set
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FeRd RS
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EiE
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Table 4 PNN analysis for litchi’s mature stage
detection of text set
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Electronic nose monitoring mature stage of litchi in orchard

Xu Sai, Lu Huazhong, Zhou Zhiyan, Lii Enli*, Yang Jing
(1. Key Laboratory of Key Technology on Agricultural Machine and Equipment, Ministry of Education, South China Agricultural University,
Guangzhou 510642, China; 2. College of Engineering, South China Agricultural University, Guangzhou, 510642, China)

Abstract: Mature stage monitoring can provide significant scientific instruction for the management of litchi orchard.
However, nowadays, any research based on mature stage monitoring in orchard has not been reported yet. Given that this paper
proposed a monitoring method of litchi orchard mature stage based on electronic nose. We used electronic nose (PEN3) to
sample litchis which were in 6 different mature stages (s, s2, s3, s4, s5 and s6) from about 25 days after it fruited to maturity,
and measured 3 physical characteristics of litchi fruits (fruits” size, fruits’ weight and fruits” soluble solid content). According
to the changes of litchi’s physical characteristics in different mature stages, the 2 physical indices (fruit size and weight) of
litchi from the 30" to the 39" day and from the 53" to the 60" day after it fruited were increasing comparatively faster than
other stages. That was to say, the litchi fruit normally grew fast in the 2 periods. In addition, the soluble solid content of litchi
grew slowly from the 53" to 60" day after it fruited and could not be tested before the 32" day after it fruited. After extracting
each sensor’s response value in stable time (75 s), we used loading analysis (Loadings) for sensors optimization, and kept
sensors (R2, R4, R6, R7, R8, R9 and R10) for the next analysis. Loadings results also showed that R7, R4 and R6 were
comparatively more sensitive than other sensors when identifying the volatile of litchi, which provided a reference for the next
research when exploring especial instrument for litchi quality detection based on bionic olfaction mechanism. Then, unitary
processing was used for the noise reduction of the sensor’s response value. At last, we used linear discriminant analysis (LDA)
for further extraction of feature information to decrease the redundant information. In addition, LDA could not detect the
mature stage of litchi in orchard effectively. LDA classification results showed that the sample points in s2 and s3 were
overlapped by each other, which had poor classification effect. The sample points in s5 and s6 were not overlapped by each
other, but the distance between them was close, which may easily cause the confusion in practical monitoring of fruit mature
stage. For further research the feasibility of electronic nose application for litchi mature stage monitoring in orchard, fuzzy ¢
means clustering (FCM) method, k-nearest neighbor (KNN) method and probabilistic neural network (PNN) method were used
for pattern recognition. The experimental results showed that the accuracy of FCM for litchi mature stage monitoring in
orchard was 89.17%. The classification effects of s2 and s3 were undesirable, and the mature stages s5 could not be absolutely
distinguished from s6. After building up KNN and PNN detection model, their accuracies of training set were all 100%, and
their accuracies of test set were both 96.67%, which had good effect for litchi mature stage monitoring in orchard. By
comparing electronic nose analysis results with physical characteristics changes, we could infer that the accumulation speed of
litchi’s inner compositions had inverse correlation with the size growing speed of litchi fruit. That meant when the size of litchi
fruit grew faster, the accumulation speed of litchi’s inner compositions was slower. Otherwise, the accumulation speed of
litchi’s inner compositions was faster, and the classification effect was better. This research proves the feasibility of using
electronic nose for litchi mature stage monitoring in orchard, and provides the reference for fruit quality and situation
monitoring in orchard in the future.

Key words: nondestructive examination; fruits; models; electronic nose; mature stage; fuzzy C-means; k-nearest neighbor;
probabilistic neural network



