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Apple Internal Quality Online Separation System Based on
Visible/Near-infrared Spectroscopy
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(1. Department of Mechatronics and Vehicle Engineering, East China Jiaotong University, Nanchang 330013, China
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Abstract. Based on the visible/near-infrared spectroscopic analysis technology, a chain-driven online
apple inspection and sorting system was designed to meet the needs of non-destructive on-site quick
inspection and quality testing of apples. The system consisted of hardware such as power mechanism,
spectral acquisition unit, PLC control module and grading actuator. The sensor co-location triggered
spectral acquisition, and the prediction model enabled rapid, non-destructive online discrimination of
apple mouldy core disease and accurate prediction of healthy fruit SSC. Taking Fuji apples as the object,
a dual-response convolutional neural network ( CNN) model was established to discriminate mouldy heart
disease and predict the SSC of healthy fruits, and the accuracy of the model prediction set for
discriminating mouldy heart disease was 100% , and the fit of the SSC prediction of healthy fruits was
97% . Finally, the model was tested by applying apple random validation data after implanting the model
into the software system, with 98% accuracy for mouldy core sorting, 96% fit for healthy fruit SSC
prediction, and an optimal detection and sorting speed of 0.47 m/s. In addition, the decrease in
discrimination accuracy was due to the intersection of the internal characteristics of healthy and slightly
mouldy kernels, which was what we would focus on in the subsequent study. The results showed that the
chain-driven online apple inspection and sorting system developed independently had high modelling
accuracy and stability, and had the functions of quickly realizing the discrimination of apple mouldy heart
disease and the non-destructive detection of healthy fruit SSC.

Key words: apples; chain-driven; separation device; non-destructive testing; visible/near-infrared

spectroscopy; CNN
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Fig. 1  Overall structure diagram of sorting line
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Fig.4 Spectrometer software interface
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fide i SR 672 13.56 1.76 224 13.43 1.72 224 13.28 1. 69
R 648 — — 216 — — 216 — —
A1t 1320 440 440

T —" RN A X & AE R HEAT SSC F .

B0 0 ) B PEAN H8 AR A HEA R ] 3 R
R FL 44, Horp, 43 U RF0RS A R 1T F 5 R DL
AR R IE 2 22 0P SSC OB i AE A HE AR R
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AL 2 (Maxpooling ) 14 25 3k 25 #4512 JOG 1% 040 19
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—
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CNN model structure
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Tab.2 Dual response CNN model structure

I3 A WU OUR WOE R R
ConvlD 8 ReLU 3
Maxpooling - - 2
HeHA ConvlD 16 ReLU 3
Maxpooling - - 2
ConvlD 32 ReLU 3
Maxpooling - - 2
. Flatten - - -
EES Dense 256 ReLU -
Dense 64 ReLU -
Dense 1 Sigmoid -
ConvlD 32 ReLU 3
ConvlD 64 ReLU 3
ConvlD 48 ReLU 3
Maxpooling - - 2
A Flatten - - -
Dense 512 ReLU -
Dense 256 ReLU -
Dense 1 Linear -

TEARE BRI Zhad B2 v, 2328 23 SR A — 0238 U0
(binary_crossentropy ) /A 454 H 5, T 181 U3 73 3 )
i F #) J5 1% 2% (Mean square error, MSE ) 347 2 %041
o AR AUTE 55 B9 U 250 78 AL ST AT B 3E
K T RL ) 3 A A T 10 AT L 52 L
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TESF S UERZ A SSC RTINS FE 22 ]38 B RHEHA
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BPNN i A DL o f /A 900 {5 0 S 22 18] B 2
DR 28 MR ) A R Sk LA W 2 280, ATl &
SORBYAR LR B S OC R |, 3k L R0 A 2y i o
JH T 40 530 5 ARG 00 K SR A W TR o PR IR AR S
SVM F1 BPNN [ 5 78 6 iF A58 78 73 2 73 S 1 PERE , OF
fili 1 PLSR A1 BPNN ¥ A58 78 56 i A Y [1] 9 73 32 64 1
AE. XF T PLSR A KLY 8 fIL , #1722 1 % ( Latent
variables ,LV) PEAT 2 ~ 50 JU Rl 25 KO 1 A3 7 5
6, Ot B2 45 2R B 4 19 LV AE Dl PLSR ) e fE S
B, TEA A SVM BRI, PE £ 4% bk B obf , AR 4R
— G JF N BT ARSI ¢ MR S5 g 105
L, LA E B B e A 2 8 Ao [RIE, S 1 i
SVM A 2 5 4 K 0 7 Az 2 $0L [) R, RS AT e Ml
BTN ¢ LRI SO . X T BPNN 544,
P T SRR S 0 T o 2SR B AR 55 o 3 AR
R 3 R, ph g TT o o 256 .64 F
L AR A 4 2 e =, #2004 8o il o
1024 512,256 Fl 1. Bl ok B PF O 6 45 Lo o R
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Tab.3 Performance of models for both myxomatosis

discrimination and SSC prediction

1% il RN YIgrdE  Ml4E
R/ % 96 94
SVM
B R/ % 97 95
(¢=0.6,
KR % 96 93
g=0.3)
F1 5340/ % 96 94
WEH 2/ % 97 95
) AR/ % 98 96
e e il BPNN
K2/ % 96 94
F1 5340/ % 97 95
UEH 2/ % 100 100
S Y CNN A/ % 100 100
e T R % 100 100
F1 4350/ % 100 100
R? 0.94 0.89
PLSR
RMSE/°Brix 1. 40 2.17
(LV 3 9)
RPD 1.21 0.78
R? 0.94 0.91
SSC K il BPNN RMSE/°Brix 1.72 1.95
RPD 0.98 0. 87
R? 0.98 0.97
XL i CNN
RMSE/°Brix  0.92 1.01
BVER: 53
RPD 1.84 1.67
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Fig.6 Scattered point fit plot
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Tab.4 Evaluation of percentage difference of apple

peak intensity at different speeds

R/ S BL/ %

(mes™') I RAH /ME ofics i 2%
0.36 58 14 29 13
0.47 37 8 24 8
0.56 44 10 27 9

— M, B R 0.47 m/s B, 6% 25 R A i
e KA A IME /N, UL 0. 47 m/s FOGHE R 4R
%Ex%ﬂ’b‘ﬁ W95 SN, T H 0.47 m/s RO

T 22 5 AR E 22 /N AL 8% L, ULH 0. 47 m/s I
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e iy R R 6 A 80 ) ' 1 S AR Y B EORE B, R
PRIER AR R G0 TAR RS 19 ] S8, vl AR ol i R 4
PH M RSB E .
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TN, TERR O ) BT 55 v, 25 AR X 00 7 R AR 11 )
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Fig.7  Section of 50 apples
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Tab.5 Model validation results for moldy core

detection and SSC prediction

1155 ZH Bl

W R/ % 98

R 1A R/ % 97
B L H 5 % 100
F1 5380/ % 98

R? 0. 96

SSC i RMSE/°Brix 0.97
RPD 1.89
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