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Spectroscopy and Spectral Analysis
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Fig. 1

Schematic diagram of on-line detection equipment for fruit internal quality by near infrared diffuse transmission spectroscopy

1: Porximity switch; 2: Coding mask; 3: Chain wheel; 4. Link chain; 5: Optica fiber; 6. Camera bellows; 7: Optical source;

8: Specimen; 9: Terminal PC; 10: PLC control cabinet; 11: Fruit cup; 12: Bionic boot; 13: Grading export;

14 Electromotor; 15;: Reducer; 16;: Drive sprocket
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Fig. 2 Diffuse transmission testing mechanism (a). Gongli placement position (b)
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Fig. 3 Establishment of local model and global model

and experimental verification scheme
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Fig. 4 Average spectra of fruit No. 11 in six directions
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Table 1 Range, standard deviation and average value of SSC

content in calibration set and prediction set

Data set Samples Mean S.D
SSC/ Calibration 115 12.06 1.05

(°Brix) Prediction 35 12.09 0.93

Range
9.53~14.70
9.60~13. 37

Parameter
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Table 2 Local model and local prediction

effect in six directions

Prediction
RMSEP

Calibration
R.  RMSEC R,

Orientation Pretreatment

Al Raw 0.916 0. 406 0. 870 0. 456
SGS 0. 870 0. 497 0. 873 0. 453
MSC 0. 886 0. 468 0. 839 0.503
GFS 0. 898 0. 443 0.873 0. 452
A2 Raw 0. 987 0.151 0. 898 0. 327
SGS 0. 955 0. 280 0. 869 0.374
MSC 0.938 0. 327 0. 879 0. 398
GFS 0.982 0.175 0. 897 0.331
A3 Raw 0.922 0.377 0.919 0. 363
SGS 0. 900 0. 424 0. 856 0.339
MSC 0.913 0.397 0. 885 0. 315
GFS 0.913 0.397 0.872 0. 342
A4 Raw 0.961 0.278 0. 871 0.399
SGS 0.922 0. 387 0. 883 0. 375
MSC 0. 965 0.262 0. 865 0. 402
GFS 0. 950 0.311 0. 880 0. 386
A5 Raw 0. 945 0.301 0. 863 0. 384
SGS 0. 892 0.414 0. 846 0. 407
MSC 0.932 0.333 0. 896 0. 344
GFS 0. 930 0. 337 0. 859 0. 389
A6 Raw 0. 835 0.527 0. 794 0.508
SGS 0. 825 0.542 0. 794 0.509
MSC 0.910 0.402 0.762 0. 542
GFS 0. 831 0.534 0. 794 0.508
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Table 3 Global model and prediction effect of A3. A4 and AS directions
Prediction
) ) Calibration
Orientation Pretreatment LVs Al A2 A3
R, RMSEC R, RMSEP R, RMSEP R, RMSEP
- . Raw 16 0. 844 0. 406 0. 810 0.497 0.766 0.523 0.792 0.479
Omnidirectional
GFS 16 0. 828 0.424 0. 818 0. 446 0. 765 0.525 0.799 0.478
x4 EREBPR A4, AS F1 A6 FEFMHR
Table 4 Global model and prediction effect of A4, A5 and A6 directions
Prediction
) . Calibration —
Orientation Pretreatment LVs A4 A5 A6
R. RMSEC R, RMSEP R, RMSEP R, RMSEP
o Raw 16 0. 844 0. 406 0. 801 0.538 0.785 0. 492 0. 821 0.612
Omnidirectional
GFS 16 0. 828 0.424 0. 821 0.538 0. 794 0. 486 0. 824 0.619
1407 oo . SR AR 2% . 0 00R FRRL AL B A2, A3, Ad Al A5
13.51 RMSEP=0.548 o~ ¢ RMSEP 43524 1. 431, 0. 816, 0. 767 Fl 1. 015; Ja#RA<Al A2
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Fig. 5 Scatter plot of omnidirectional verification
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Table 5 Prediction effects of local model and global model on Al. A2 and A3 direction validation sets

) . Prediction
Orientation LVs Calibration Al A2 A3
R. RMSEC R, RMSEP R, RMSEP R, RMSEP
Omnidirectional 16 0. 828 0.424 0.818 0. 446 0.765 0.525 0.799 0.478
Al 13 0. 898 0.443 0.873 0.452 0.182 1. 431 0. 731 0.816
A2 14 0. 982 0.175 NA 0.336 0.897 0.331 0.765 0.914
A3 9 0.913 0.397 NA 13.972 NA 3. 493 0.872 0.342
Al 12 0. 950 0.311 0.328 0.410 0.532 1.735 0.814 0.545
A5 14 0. 930 0.337 NA 0.134 0.552 1.058 0.797 0.633
A6 7 0.831 0.534 0.348 0. 330 NA 1.133 0.794 0.056

I NA B“NOT Available” CF [
Note: NA represents “NOT Available” (the same below)
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Table 6 Prediction effects of local model and global model on A4, AS and A6 direction validation sets
o . Prediction
Orientation LVs Calibration Al A5 A6
R. RMSEC R, RMSEP R, RMSEP R, RMSEP
Omnidirectional 16 0. 828 0. 424 0. 821 0.538 0. 794 0. 486 0. 824 0.619
Al 13 0. 898 0.443 0. 684 0. 767 0. 490 1. 015 0.372 0. 089
A2 14 0. 982 0.175 NA 1. 196 NA 2.024 NA 1. 618
A3 9 0.913 0. 397 0.714 0.791 0.471 1. 564 0. 709 0. 820
A4 12 0. 950 0.311 0. 880 0. 386 0.153 2.144 0. 190 1. 946
A5 14 0. 930 0. 337 0.752 0. 650 0. 859 0. 389 0.722 0. 659
A6 7 0. 831 0.534 0.728 0.632 0. 827 0.537 0. 794 0.508
ZNAN TS ] Y FIOI B X B AT AT A . 5 2R 3R WA S A A U
34 T M A 0 T AL SSC ) TR S . R BSR4 5 e A
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Robustness of Global Model of Soluble Solids in Gongli Pear Based on
Near-Infrared Spectroscopy

LIU Yan-de, LIAO Jun, LI Bin, JIANG Xiao-gang, ZHU Ming-wang, YAO Jin-liang, WANG Qiu
School of Electromechanical and Vehicle Engineering, East China Jiaotong University, Institute of Intelligent Electromechanical

Equipment Innovation, Nanchang 330013, China

Abstract Gongpear is a popular fruit. In order to study the influence of different detection directions on the online detection of
soluble solid SSC in Gongpear by NIR, a global model was proposed, and its robustness was analyzed. The spectra were
collected from Gongpears in six directions: stem-calyx axis vertical, stem-upward (Al) and stem-downward (A5), between the
stem-calyx axis and horizontal 45°, stem-upward sloping (A2) and stem-downward sloping (A4), stem-calyx axis horizontal,
stem-right light oriented (A3), stem-calyx axis horizontal, stem-band moving direction (A6). The 150 samples with SSC
ranging from 9. 53 to 14. 70 were divided into 115 calibration sets with a standard deviation of 1. 05 and 35 prediction sets with
a standard deviation of 0. 93. Six local models and one global model were established by partial least-squares regression (PLSR).
The local models were established by partial least-squares regression (PLSR) after 115 calibration sets of data in each direction
were preprocessed by Savitzky-Golay convolution smoothing, Multiple Scattering Correction ( MSC) and Gaussian Filtering
Smoothing (GFS). The local model established by the local correction set was used to verify the data of 35 prediction sets in the
local direction. Compared with the PLSR model established by the three pretreatment methods, the results showed that the
model established by GFS processing had the best validation effect. Therefore. the PLLSR model established by GFS processing
was used for all the six local and global models. The global model is a Gongpears SSC model established by PLSR after GFS
pretreatment from 690 calibration sets of spectral data in Al, A2, A3, A4, A5 and A6. The prediction sets in each direction
verified the seven models. The verification results showed that although the prediction effect of the local model was stronger than
that of the global model in the local direction, it could not be verified in other directions and the robustness was poor. Therefore,
different detection directions had a great influence on the prediction effect. The global model can accurately predict the SSC of
Gongpears pear in each detection direction. The global model”’s correlation coefficient (R.)is 0. 828, and the root mean square
error RMSEC is 0. 424. The correlation coefficients (R,) of Al, A2, A3, A4, A5 and A6 prediction sets were 0. 818, 0. 765,
0.799, 0.821, 0.794 and 0.824, and the root mean square errors RMSEP were 0.446, 0.525, 0.478, 0.538, 0.486 and
0. 619, respectively. The R, and R. in six directions are close to each other and are around 0. 800, the RMSEC and RMSEP are

around 0. 500. The results show that the global model has excellent robustness in detecting gongpear SSC in different directions.
Keywords Near-infrared; Gongpear; Soluble solid SSC; Global model; Robustness
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