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Comparative Analysis of Harvest Maturity Model for Fuji Apple
Based on Visible/Near Spectral Nondestructive Detection

ZHAO Juan'? QUAN Pengkun' MA Minjuan' LI Lei' HE Dongjian'> ZHANG Haihui'’
(1. College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China
2. Key Laboratory of Agricultural Internet of Things, Ministry of Agriculture and Rural Affairs, Yangling, Shaanxi 712100, China)

Abstract: Harvest maturity is a key factor affecting apple storage performance. Thus, in order to achieve
batch harvesting and suitable picking maturity of apple, rapid and non-destructive discrimination model
was studied based on visible/near infrared spectral technology. Apple samples were classified into three
maturity levels ( mid-ripe, ripe and over-ripe ) according to different fruit development times after
flowering. Spectral information of all samples was acquired by using the visible/near-infrared spectral
system with a wavelength range from 200 nm to 1 100 nm in the laboratory, and spectral differences of
samples at different mature stages were analyzed. It was found that the spectral reflectance of the mid-ripe
samples was significantly higher than that of the ripe and over-ripe samples. However, the spectral bands
behind the ripe and over-ripe samples had similar spectral characteristics, resulting in overlapping.
Then, after the preprocessing of SG and multivariate scatter correction method, a method using callback
arithmetic operator named twice-detect was used to detect outlier sample for different quality parameters.
Among them, five outlier samplers of the soluble solids content, two outlier samples of firmness and no
outlier sampler in color factor were removed. Finally, the remaining 235 samples were participated in the
modeling analysis. The characteristic variables of soluble solids, firmness and the parameters of L™, C* ,
h*, a and b were extracted by the random algorithm which can be modeled with a small number of
variables. A maturity index coupling internal quality named simplified internal quality index (SIQI) and
another maturity index coupling with factor analysis named factor quality index (FQI) were applied to
evaluate the maturity of apple. Using the characteristic variable as input, the partial least squares
prediction model of SIQI index and FQI index was established. The prediction correlation coefficient of

SIQI index was 0. 938, and the root mean square error was 0.216. Similarly, the prediction correlation
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coefficient of FQI index was 0. 917 and the root mean square error was 1. 152. Therefore, it was feasible

to use spectral information to predict the maturity evaluation index of coupled multiple indexes. At the

same time, the classification model using spectral information was directly established by the extreme

learning machine ( ELM) algorithm and the support vector regression ( SVR) algorithm. By comparing

the results of the four classification models, it was found that the classification results based on SIQI index

combined with SVR algorithm were the best, which was better than the direct classification model. The

classification accuracy was 85.71% . The results stated that the classification of apple harvest maturity

can be achieved by using visible/near-infrared spectroscopy information and the maturity evaluation index

coupling with related internal quality indicators. The research result can provide a theoretical reference

for the development of non-destructive testing equipment for subsequent apple harvesting maturity.

Key words: apple; harvest maturity; classification model; visible/near-infrared spectroscopy detection ;

maturity evaluation index
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Fig.1 Schematic of spectral acquisition system
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SSC/°Brix  11.10 ~15.80 13.71 1.06

F/N 14.23 ~21.06 17.58 1.38

" 44.32 ~62.41 54.13 3.45

eSS 74 19.49 ~31.18 23.32 2.38
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Fig.2  Average reflectance spectra of apple samples

with different maturities
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random frog



5 12 3]

IR A SR SR SO S T TG A5 B0 A B L 2 A 351

3 BAESEKBEST

3.1 ET SIQIiTFM s HHy A A R EY

¥ ] Kennard — Stone (K — S) J7 ¥ 235 ~3EH
FEA SR 22 173 D A0 4 VI 46, X 5t iR O 38 45 B
25 MSC FiUAb B3 47 )5 , R ] RF L R UK R br 2
HORRAE S 8 O 0k 09 W VA MR DR Y S R R
L™ [C™ (b7 AR HR B RRAE AR AR R S R, B
P B 15 Ky D A /) R BRIk B A R SIQI
TEBO PRI 25 AN 4 Fir s  BIEEAH G R B R, N
0.962, %77 iR 22 2 0. 220, I AL AH C R AL R,
0.938, B 5 % 22 0. 216, SIQI 5 % 1y 5 315 45 1l
I 1 RE AL AT

117

R=0.962
R\yec=0-220 2
10} 0 082 °
0 2l
g oo&v o
= ]
=
7] %% %
o
8F o o
9%
0,
7 75 80 85 90 9.5 10.0 105 110
SIQUZ i
(a) KIEHE
111
pr:0.938
R..=0.216
10+
°
g
2, °
& o? ]
st 025
b
7 75 80 85 90 95 100 105 11.0

SIQISLM B
(b) TR

P4 BT /N AR Y STQT 45 KT il 45
Fig.4 Prediction results of SIQI index based on partial

least squares algorithm
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Fig.5 Prediction results of FQI factor index based on

partial least squares algorithm
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by ELM algorithm
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Tab.3 Classification results for apple samples with

different algorithms
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