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Fig. 1 Contrast of healthy fruit (left) and

fruit with moldy core (right)
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Table 1 Appearance parameter statistics of healthy

fruit and fruit with moldy core
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Fig. 2 Average transmission spectra of healthy fruit and fruit with moldy core in four transportation postures

(a): Stem upward; (b): Stem downward; (c): Stem towards the transportation direction;

(d): Stem perpendicular to the transportation direction
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Table 2 Comparison of three discriminant modeling results of LDA, MD and KNN based on PCs extracted from

transmission spectra (600~900 nm) of apples with four types of posture
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Table 3 PLS-DA results using transmission spectra (600~900 nm) of apples with 4 types of posture
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Table 4 Comparison of two modeling results of ELM and SVM using transmission

spectra (600~900 nm) of apples with 4 types of posture
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Fig. 3 Comparison of the performance (a) and the number of moldy core apples incorrectly

identified as healthy (b) of the six discriminant models
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Fig. 4 VIP score distribution of PLS-DA model
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Table S PLS-DA results using transmission spectra (690 ~720 nm) of apples with 4 types of posture
pIE S i £
RS LVs A A B A B
UEHaR /Y Vi B
i B e e % i B A e %
TR A 4 4 0 93.75 0 2 93.75
AR T 3 13 1 78.13 2 0 93.75
R TR 0 i % 7 1) 4 1 2 95. 31 1 4 84. 38
R T3CA T A 3% ) 3 12 1 79. 69 4 0 87.50
T A5 ) ) o i 25 e L A BOW B AR B A S AR
34 B R,

HEF 600~900 nm P B 4 Fp 4B ORI 5 SR I R
JRAF GBS LDA, MD I KNN ) 51485 50 #1425 A 4% 1 )
AR, Horp LDA AR R 158 0 58 1 458 0 2% 3 1 190 00 4
) 0 AR R A Ay 90. 63% . LDA Fi KNN #5112 i il s |
R M TSR TS 1 ) S 58 SR S AL T R TS o 3 T T A TS
M E%E S E . FEF 600~900 nm Gy ) PLS-DA i Ji| 45 74
A i A S0 S 0 00 I0 E 0 J3 oHE  SR R OK T 8004, I HL IS AN
W R O B R A 0 ) o iy R R R T L A T R R i
A, BE#S T ELM fil SVM BRPHL AR 2% > Sk BRI B R, A

References

[1]
[2]
[3]
[4]
[5]
[6]
7]
[8]
[9]
[10]
[11]

S LA RS 6 FH IR . AN ] R TR
S 1) 4 S R v AT AN ) R s X T RE S A A T
FEPOCRAE IR KM EA . NEE T ERE. 4
BECE A P R i 19 PLS-DA KRS, f3d i H VIP
423 (LB HURRAE 9 BE 690~ 720 nm J5 5587 g 57, PLS-DA 51|
R AL R A Y A0 R A S T ) T R ) S o 4 AT 3k B
93.7506 « Fu o U MO 397 b 45 RS I 0 A D't i A A A A G
T SR B RE 7 K B SR AR . A SR AR AE BOH N . TR
A L ARG I R — o LA A SR O TE R I
N

BN o

Gao LL, Zhang Q, Sun X Y, et al. Plant Disease, 2013, 97(4); 510.

Khatiwada B P, Subedi P P, Hayes C, et al. Postharvest Biology and Technology, 2016, 120 103.

Shenderey C, Shmulevich I, Alchanatis V, et al. Food and Bioprocess Technology, 2010, 3(1): 79.

Sun X D, Liu Y D, Li Y F, et al. Postharvest Biology and Technology, 2016, 116 80.

Mogollon M R, Jara A F, Contreras C, et al. Postharvest Biology and Technology, 2019, 116 111060.

Zhou Z Y, Lei Y, Su D, et al. International Journal of Agricultural and Biological Engineering, 2016, 9(6). 148.

Tian S J, Zhang ] H, Zhang Z X, et al. Infrared Physics and Technology, 2019, 100. 117.

Hu Q X, Tian J, Fang Y. International Journal of Pattern Recognition and Artificial Intelligence, 2019, 33(12): 1950020.
Cortes V, Cubero S, Blasco J, et al. Food and Bioprocess Technology, 2019, 12(6); 1021.

Dong X G, Dong J, Li Y L, et al. Computers and Electronics in Agriculture, 2018, 156 669.

LIU Yan-de, XIAO Huai-chun, SUN Xu-dong, et al(X|FEfE, ¥ 4%, FMEA . ). Spectroscopy and Spectral Analysis(Jt i 24 56 i



3410 i 2% 5 61 43 Hr %41 %

43#T) 5 2018, 38(2): 52.
[12] Ziegler J U, Leitenberger M, Longin C F H, et al. Journal of Food Composition and Analysis, 2016, 51: 30.
[13] Teye E, Amuah C L Y, McGrath T, et al. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 2019, 217 147.
[14] Yang M H, Xu D Y, Chen S C, et al. Sensors, 2019, 19(2); 263.
[15] Parastar H, van Kollenburg G, Weesepoel Y. et al. Food Control, 2020, 112 107149.

Optimization of Fruit Pose and Modeling Method for Online Spectral
Detection of Apple Moldy Core

QIN Kai' , CHEN Gang’» ZHANG Jian-yi'” , FU Xia ping*
1. Faculty of Mechanical Engineering and Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China
2. Zhejiang DEKFELLER Intelligent Machinery Manufacturing Co. , Ltd. , Hangzhou 310014, China

Abstract Moldy core of apples is a fungal disease that affects many commercially popular cultivars of apples. It is difficult to
distinguish moldy core of the fruit from its appearance until the fruit is cut open. The objective of this study was to detect moldy
core of apples by visible near-infrared spectroscopy (NIRS). The discrimination effects of four kinds of apple on-line
transportation postures were compared: the apple stem upward, the apple stem downward, the apple stem towards the
transportation direction, and the apple stem perpendicular to the transportation direction. Principal component analysis (PCA)
was used to extract the principal components from the transmission spectra of 600~900 nm, and then linear discriminant analysis
(LDA), Mahalanobis distance (MD) and k-nearest neighbor (KNN) models were established for comparison. The partial least
squares discriminant analysis (PLS-DA) model was established after the central pretreatment of 600~ 900 nm. Two machine
learning algorithms, extreme learning machine (ELLM) and support vector machine (SVM)were also used to predict moldy core
of apples. The best modeling method is PLS-DA. The accuracy rate of stem upward and stem downward was 93. 75% , and the
accuracy of the other two postures were more than 85%. Then according to VIP (variable importance in projection) scores, the
characteristic band 690~720 nm was extracted, and the model was rebuilt. The best result of the four postures was apple stem
upward. The accuracy rate of the prediction set was 93. 75%. The results showed that PLS-DA could be used as an effective
method to distinguish moldy core of apples, and the stem upward can be used as an effective posture for on-line detection of

moldy core of apples.
Keywords Apple; Moldy core; Spectrum; Posture; Modeling method
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