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Design and application of an online evaluation system for blueberry

quality based on spectral image fusion technology

XUN Shihu' XIAN Jiawei' WANG Weina' SHI Linying' CHEN Qiuxi® FAN Wei'

(1. School of Food Science and Technology, Hunan Agricultural University, Changsha, Hunan 410128, China;
2. Center for Rural Revitalization Development of Chengjiang City, Yuxi, Yunnan 653100, China)

Abstract: [ Objective] To achieve precise non-destructive detection and sorting of blueberry quality. [ Methods] An online evaluation
system for blueberry quality based on near-infrared spectroscopy and visible light image fusion is designed. The system consists of a fruit
box chain conveyor module, a linear array image detection module, a near-infrared spectroscopy detection module, and a control system. A
diffuse reflection optical path is designed by the near-infrared spectroscopy detection module, and a partial least squares regression model is
established to predict the soluble solids content in blueberries through S-G convolution smoothing, second-order derivative connection
preprocessing, and sequential projection algorithm for feature variable extraction. [Results] The developed system shows an average
relative error of 0.093 in determining the individual diameter of blueberries and the accuracy of 91.85% in measuring fruit diameter
uniformity. The predicted correlation coefficients for superior, first-class, and second-class blueberries are 0.843 4, 0.782 2, and 0.723 7,
respectively, with predicted root mean square errors of 0.831 6, 0.951 0, and 1.070 5, respectively. [ Conclusion] The overall evaluation
accuracy of the decision tree quality evaluation model for blueberries, integrating both external and internal quality, reaches 89.55%.

Keywords: blueberry; near-infrared spectroscopy; visible images; quality evaluation; non-destructive detection
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Figure 1  Online evaluation system for blueberry quality
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Figure 2 Workflow diagram of the online evaluation system for blueberry quality
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Figure 3 Schematic diagram of the image detection module

2R B 2 T A HIL A 1B B 1 A% 0 BB L 8 R T

2 [ AH LS S HT-GEL41C-T, H: 5 %000 4 14 BE 55 0 AH

MLAGAT A | B2 Sk A2 B 0625 DU T, 75 D) 2% 15 B A% TR 4 A hr

s e CO B R BE R PLAT I, A U AR 4 1 -
VX[

— 1
H X 7.02 (v

Lpe=

K.

Lys— 2 B AHBLAT AR, Hz;

V——AE IR L, pm/s;

S—Bi kA  mm;

H— ML 21 R B B S, mm

7.02—— AL CMOS 4 It K/, pm,
1.3 AR Hh S 46 A

A 18 T BT R ) i Sy FRAE A B ) R
FERRTS L SSCE MR, S KR AN G, 5T 2
SRR (I RE LR R DDA O o SR T LD AR A
DU ASE P e 37 W A T I M R 4 e I AR TR T A
Sy /INTU S HLR A M S 0 R S SR T O B i R 4 =0k
B 0T DA EOIR B & AR RE S RGOS R A BP0
B 4% .

T 2T AN ARG I AR e AT 2T AR e A R A% L . R
TE 28 VT 21 4P 63 AL (PATPro-NIR-1.7, |- i 3% B 3 A BR

HEE 2008 | 2025 FF 12 A | RR5UUR

At AL
ITLLAMEIEAY

o

TR
L Lasssl |
° °

B4 s EgRAHARRIT~EA
Figure 4 Schematic diagram of diffuse reflection light

path design for near-infrared spectroscopy
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Figure 5 Near-infrared spectroscopy detection module
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Figure 6 Output interface of the online evaluation system for blueberry quality
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Figure 9 Spectral changes before and after treatment by different pretreatment methods
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Table 2 Modeling results of the PLS quantitative model

for the soluble solids content of blueberries
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Table 3  Fruit diameter detection accuracy for blueberries
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Table 5 Accuracy of blueberry fruit diameter uniformity

gy SEBREY RE, daXTER AR MR
e B4 /mm mm 22 /mm s N H
1 16.23 17.69 1.46 0.090
2 16.47 17.42 0.95 0.058
3 17.05 16.81 —0.24 0.014
4 15.76 16.49 0.73 0.046
5 16.79 18.84 2.05 0.122
6 13.62 12.31 —131 0.096
7 14.41 13.71 —0.70 0.049
8 13.73 12.12 —1.61 0.117
9 12.88 13.94 1.06 0.082
10 14.12 13.34 —0.78 0.055
11 10.37 11.33 0.96 0.093
12 11.24 10.09 —1.15 0.102
13 10.05 8.16 —1.89 0.188
14 9.64 8.41 —1.23 0.128
15 9.42 7.96 —1.46 0.155
Rl / / 1.172 0.093
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Table 4 Discrimination results of fruit diameter uniformity

for blueberries

b2 WA A HABSFSR ERARAE
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TRIRAR AR R 22

Bl GECGE BSRE% BWEE%  dXE

1 58 4 93.10 93.08 0.000 2

2 55 1 98.19 97.48 0.007 2

3 56 2 96.43 95.31 0.0116

4 60 3 95.00 95.22 0.002 3

5 60 2 96.67 96.72 0.000 5

6 58 3 94.48 9476 0.003 0

7 45 1 97.78 97.46 0.003 3

8 50 2 96.00 96.42 0.004 4

9 52 2 96.15 96.21  0.000 6

10 54 1 98.15 98.21 0.000 6
11 56 3 94 .46 94.10 0.003 8
12 51 2 96.08 96.14  0.000 6
13 52 2 96.15 96.26 0.001 1
14 53 1 98.11 98.23 0.001 2
15 54 2 96.30 96.37  0.0007

- imﬁﬁ ok BWAEVUIER e P
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Table 6 Prediction and discrimination of blueberry soluble

solids
e SPRFH RS RE, AT M2
P EJE ¥ /Brix Brix % 2% /Brix 46 X0HE
1 11.87 11.9225 0.0525 0.004 4
2 12.14 12.125 4 0.014 6 0.001 2
3 11.89 11.958 4 0.068 4 0.005 8
4 11.71 11.870 8 0.160 8 0.0137
5 11.72 11.6953 0.024 7 0.002 1
6 12.17 12.145 3 0.024 7 0.002 0
7 12.21 12.376 8 0.166 8 0.0137
8 12.13 12.211 0 0.081 0 0.006 7
9 12.13 12.080 4 0.049 6 0.004 1
10 12.55 12.607 3 0.057 3 0.004 6
11 12.13 12.081 1 0.048 9 0.004 0
12 12.27 12.220 9 0.049 1 0.004 0
13 12.23 12.2556 0.025 6 0.002 1
14 11.85 11.648 0 0.202 0 0.0170
15 11.17 10.987 9 0.182 1 0.016 3
T {E 0.080 5 0.006 8
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