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Design and experiment of an online detection and sorting system for
citrus sugar content based on visible/near infrared spectroscopy

LIU Hao, GONG Zhongliang”, WEN Tao, WANG Zhiyu, DAI Xingyong

(School of Mechanical and Electrical Engineering, Central South University of Forestry and Technology, Changsha,
Hunan 410004, China)

Abstract: In the 6GF-4 forest fruit non-destructive testing and sorting equipment, an online citrus sugar content detection
and sorting system was designed based on visible/near-infrared spectroscopy technology. The system mainly includes
transmission devices, spectral acquisition devices, control systems, and sorting devices, which achieves spectral information
collection during citrus movement, and synchronously calculates through the established sugar content model, achieving
online sorting based on the obtained sugar content values. A dual lens optical path has been designed in the spectral
acquisition device, to change the size of the light spot transmitted on citrus fruits. By comparing and analyzing the
integration time and spot size of the experimental parameters, it is found that the optimal collection parameters for the system
were the integration time of 100 ms, the spot size set to small, and the sample movement rate of 5 pieces/s. An
SPXY-CARS-PLSR online detection model was established for citrus sugar content. The determination coefficients is 0.938
and 0.836 for the calibration and prediction sets of the model, respectively. The root mean square error is 0.273 Brix and
0.418 Brix for the calibration and prediction sets, respectively. 25 citrus samples not involved in modeling were used for
online detection and sorting of external validation sets. It is found that the detecting sugar contents are within the error range
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of 1 Brix with the accuracy of 92%. When the sample is divided into 4 levels, the system’s sorting accuracy is 92%; When
the samples are divided into three levels, the system’s sorting accuracy can reach 100%.

Keywords: citrus; sugar content; online detection; visible/near-infrared spectroscopy; integration time; spot size

A ILAELLAMS GRS (Vis-NIRYNE AR B 200 T
BRI A TCHASI I | A B I 1) T A 2
ATHE = S| B PR I M AR R
ZHATRINOIAE | oSBT B ] s 1 [ T 0 o
FITELR KGN AN 43 e th B AR RS, ZHAO 256 175F
BT SERNFRGG A S S o Las ARG,
FAA P TG R R AT LTINS, SR
AT PEEE ) o m A T T, TN XY AR R 25 R
0.393, PANFEARRIDIHER LN 5.2 s, AR
W TR NI BRI R R G, R P8 Uk
W77 =R, FEES 7 ARIRZE N 0.448 7, FANFEARY)
RN B[] A 0.71 s, RIFEAEAFECLR FH 1 B 56, LA
FE 2L IR Z B 77 U AT 3 0 0 B % it R A5
T LRI AL, Forr, R EE S RO AR
#H 043, EIEFHRN 91%., oKL 4 43R
TEAT B HL 1) N RH) o 25T REGIAEAS SR B R, DA
3 Ms BUrHE] 100 ms A EE S5 1R 4B GIE(E A,
T OSSR E T AR TR U AR AR 5 R0 0.89,
YRR ZE A 0.69 Brix.

SEHAE 6GF-4 RUMRF TGN 15 o0k il A 15
Tt TGS B O A AT AR B R AR LAl
SRS WSS/, FEUARFRIRESEL
T KA RS2 f ] DA LL A ERE , A R
SO R A RTIASE R 5 5 g O TOUINASL Y 1o FH TR 43
ARG, 7 7 ER G rEREIIE 5 AMEERIE.,

1 HEEEEZRNTERFENEHST
{EIR3E

MR L AR I 5 70 18 R GE 2SR an 4] 1 e

e —

1 #HIBREEALENS ME RSN
Fig.1 Structure of online detection and sorting system for

citrus sugar content
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Fig.3 Transmittance under different integration times
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Table 1 Results of sugar content prediction models under different integration times

S Ht ) Ims F R R2 R? RMSEC/ Brix RMSEP/Brix
50 8 0.788 0.732 0.437 0.451
80 10 0.823 0.739 0.412 0.457
100 10 0.873 0.794 0.386 0.433
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Fig.4 Transmittance under different spot sizes

A0 B B ASRART, /NEBEAE 710 nm BT
BRI ST AOEBEY, X T RE R BRAGFL S
[ EEL, /INEEREA o 0 AR A0 T R i

A ) B FAH [ AR A B 2506, 6BER/INRE
5 X T ARG I s B ) o AR SRS B T AR A1
JB, A5 P I B AR DA R AT () A5 ) S s
P3G RE I 28 Bl 04 & AR AR AL, TOBBE X R 4h
AN, FEBARE R IERCR I R, A5 S6E T R
PR R B ARG, BRSO S BB A AR B ZAEAA
Bo AIUESCBRER /A R A2, BORH [R] )%
Bt 500~850 nm ##ii/E4 T PLSR i, #iist (%
)R, /NEBEEARCR LT AOEBER), 7l I
BEICHE T AR AR .

*2 TRIEREA/NEIPEREFUURBILER

Table 2 Results of sugar content prediction models under different spot sizes

SEBER T R? RMSEC/Brix R¢ RMSEP/ Brix
Rt 10 0.873 0.386 0.794 0.433
INIERE 10 0.882 0.374 0.798 0.414
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Table 3 Comparison between different sugar content prediction models

fEit RS WAL R? RMSEC/Brix R¢ RMSEP/ Brix
SPXY-Origin-PLSR 1180 0.834 0.402 0.721 0.491
SPXY-CARS-PLSR 67 0.938 0.273 0.836 0.418
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Fig.5 Sugar content predictive results of the SPXY-CARS-PLSR model on calibration set and prediction set
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Table 4 \Verification results of online detection and sorting of citrus sugar content

- WEE/ Brix Paprrt N
FEARS BAIR 2 B3I % FIE SEbRME WE EFERECN 3 MEFRECH 4
1 15.56 15.34 15.29 0.12 15.40 14.7 0.70 1EHf R
2 14.33 14.19 14.36 0.08 14.29 14.2 0.09 1EAf 1E
3 13.40 13.63 13.69 0.12 13.57 13.3 0.27 1EAf 1E
4 13.35 13.45 13.18 0.12 13.33 12.6 0.73 1EAf 1E
5 13.88 13.79 13.50 0.16 13.72 13.3 0.42 1EAf 1E
6 14.59 14.33 13.92 0.27 14.28 13.6 0.68 1E A R
7 12.81 12.73 12.98 0.10 12.84 12.8 0.04 1EHf R
8 14.49 14.76 14.71 0.12 14.65 15.2 -0.55 1E A R
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o BRI Brix Mgttty
LK 2l 3l i 2 EHE SbRME W2 EERBCN 3 SR 4
9 14.82 14.97 15.08 0.10 14.96 15.2 -0.24 E#i EW
10 13.58 13.35 13.77 0.17 13.57 13.1 0.47 1E FR
11 12.10 12.07 12.12 0.02 12.10 133 -1.20 1 1L
12 13.04 13.11 12.91 0.08 13.02 12.7 0.32 1 1L
13 13.79 13.80 13.95 0.07 13.85 13.8 0.05 1 1L
14 13.73 13.68 13.86 0.08 13.76 14.4 -0.64 1E 1L
15 13.46 13.43 13.21 0.11 13.37 14.0 -0.63 1 FER
16 14.11 13.87 13.98 0.10 13.99 14.0 -0.01 E#i EW
17 14.16 14.31 14.15 0.07 14.21 13.8 0.41 E#i EW
18 14.01 14.26 14.22 0.11 14.16 14.2 -0.04 E#i EW
19 12.93 13.37 13.44 0.22 13.25 135 -0.25 1 1L
20 14.04 14.14 13.99 0.06 14.06 15.3 ~1.24 1 1L
21 13.89 14.07 13.96 0.07 13.97 14.2 -0.23 1 1L
22 13.45 13.67 13.49 0.10 13.53 13.8 -0.27 1EH EH
23 13.60 13.77 13.57 0.09 13.65 14.3 -0.65 R EW
24 13.57 13.32 13.47 0.10 13.45 13.1 0.35 EA# EW
25 15.71 15.84 15.74 0.05 15.76 15.5 0.26 R EW
2021, 41(3): 912-917
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