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Comparison of Performance of Measuring Method of VIS/NIR Spectroscopic
Spectrum to Predict Soluble Solids Content of ‘Shingo’ Pear

S.R . Suh K H. Lee S H Yu S. N Yoo V.S Choi

Three modes of VIS/NIR spectroscopic measurement (interactance and two modes of transmission) were compared for
their ability to estimate soluble solids content (SSC) of ‘Shingo’ pear non-destructively. The two transmission modes are
named as full- and semi-transmission, where full-transmission stands for passing of light through abdomen of pear and
semi-transmission is for transit of light mainly through flesh of pear. For comparison of the modes, prediction models
developed from the collected spectroscopic data by the three modes were developed and tested for comparison of their
performance. Partial least square regression (PSLR) was used to develop the models and various pre-processing methods
were applied to develop models of high accuracy. The experiment was repeated three times with pears produced in different
regions.

The experiments resulted that selection of pre-processing is very important to attain accurate models, and multiplicative
scatter correction (MSC) was selected as a pre-processor of high accuracy for the three modes of spectroscopic measurement
in every experiment. Except for MSC, different group of pre-processing methods were selected for the three modes of
measurement in every experiment without any tendency to the tested modes of measurement and pears of different produced
region.

Root-mean-square error of prediction (RMSEP) of prediction models of the three modes of measurement using pre-
preocessor of MSC were compared for their ability to estimate SSC. The models resulted in ranges of 0.37~0.57°Brix,
0.65~0.72°Brix, 0.39~0.51°Brix for interactance, full- and semi-transmission, respectively. As shown, modes of semi-transmission
and interactance resulted about the same level of prediction accuracy and were noted as modes of high performance to
predict SSC.
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No. of sample 56 80 100
. Range 478~926 605~782 516~579
Weight Mean 693 656 548
© s.d. 106 28 14
SSC Range 10.3~14.2 11.5~14.7 9.3~15.0
(°Brix) Mean 12.7 13.1 12.7
s.d. 0.80 0.70 1.01

131



VIS/NR 2BEY 2YRE0) T2 A2 B g oj3ys b)2

: Light source
Spectrometer

Fig. 2 Photo and schematic of the transmission mode of VIS/NIR spectral data acquisition system.
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Fig. 3 Location of 3 points in a pear to measure spectrum data for
the prediction of soluble solids content.



(a) transmission-180°

(b) transmission-90°

Fig. 4 Locations of light source and spectrum measurement in the
two transmission modes.
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Table 2 Various preprocessing methods tried to develop models to predict SSC (soluble solids content) of pears

Group Preprocesssing Method*

Sinel Norm-Mean, Norm-Max, Norm-Range, SNV, MSC
et MedF, SGI, SG2, NGI, NG2

Combined SNV+MedF, SNV+SGI, SNV+SG2,
ombine MSC+MedF, MSC+SGl, MSC+SG2

* Norm = Normalization
SG1 = the Ist derivative of Savitzky-Golay
NG1 = the 1st derivative of Norris Gap

MedF = Median Filter
SG2 = the 2nd derivative of Savitzky-Golay
NG2 = the 2nd derivative of Norris Gap
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Fig. 5 Typical spectra collected by the 3 modes of the data acquisition method for the Ist experiment.
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Fig. 6 Typical spectra collected by the 3 modes of the data acquisition method for the 2nd experiment.
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Fig. 7 Typical spectra collected by the 3 modes of the data acquisition method for the 3rd experiment.
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Table 3 Selected 7 preprocessing methods of high performance to predict SSC of pear using VIS/NIR spectral data collected from the 3

modes of light path for the 1st experiment

Path of light lggizi R, (f}iﬁ() R Preprocessor Factors
0.37 0.785 0.20 0.938 SNV 11
0.37 0.785 0.20 0.938 SNV+MedF 11
0.37 0.780 0.26 0.891 Norm-Range 10
Interactance 0.37 0.780 0.24 0.906 MSC 10
0.37 0.780 0.25 0.906 MSC+MedF 10
0.38 0.777 0.26 0.891 Raw 11
0.38 0.777 0.26 0.890 MedF 11
0.66 0.355 0.46 0.668 Norm-Mean 9
0.66 0.347 0.45 0.677 Raw 10
0.66 0.347 0.46 0.676 MedF 10
Transmission-180° 0.69 0.349 0.34 0.819 Norm-Max 13
0.70 0.327 0.42 0.726 Norm-Range 11
0.70 0.311 0.45 0.677 MSC
0.70 0.308 0.46 0.675 MSC+MedF
0.48 0.643 0.30 0.860 Raw 12
0.48 0.642 0.30 0.859 MedF 12
0.50 0.622 0.32 0.838 Norm-Mean 11
Transmission-90° 0.50 0.612 0.30 0.857 Norm-Max 12
0.51 0.610 0.32 0.838 MSC 10
0.51 0.610 0.32 0.837 MSC+MedF 10
0.51 0.599 0.31 0.854 Norm-Range 12
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Table 4 Selected 7 preprocessing methods of high performance to pred ict SSC of pear using VIS/NIR spectral data collected from the 3
modes of light path for the 2nd and 3rd experiments

(a) Experiment 2

Path of light RMSEP (°Brix) Ry SEC (°Brix) R Preprocessor Factors

0.43 0.634 0.28 0.836 Norm-Max 11

0.44 0.626 0.26 0.868 SNV 12

0.44 0.625 0.26 0.867 SNV+MedF 12

Interactance 0.44 0.623 0.26 0.861 MSC 11
0.44 0.623 0.26 0.860 SNV+SGl1 11

0.44 0.620 0.25 0.874 Norm-Mean 12

0.44 0.608 0.30 0.820 Norm-Range 10

0.64 0.207 0.49 0.509 Raw 11

0.64 0.207 0.49 0.508 MedF 11

0.65 0.198 0.55 0.399 MSC 6

Transmission-180° 0.65 0.198 0.55 0.400 MSC+MedF 6
0.65 0.175 0.58 0.316 SNV+SGl1 3

0.65 0.170 0.58 0.315 MSC+SG1 3

0.65 0.144 0.60 0.268 Norm-Max 4

0.39 0.708 0.19 0.930 Norm-Mean 15

0.39 0.707 0.19 0.929 MSC 14

0.39 0.706 0.19 0.928 MSC+MedF 14

Transmission-90° 0.38 0.702 0.29 0.931 SNV 11
0.38 0.702 0.29 0.831 SNV-+MedF 11

0.40 0.671 0.30 0.822 Norm-Max 11

0.41 0.667 0.29 0.824 Norm-Range 12
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Table 4 Continued.

(b) Experiment 3

J. of Biosystems Eng. Vol. 36, No. 2.

Path of light RMSEP (°Brix) R, SEC (°Brix) R Preprocessor Factors

0.56 0.686 0.48 0.778 Raw 9

0.56 0.686 0.48 0.778 MedF 9

0.57 0.682 0.46 0.796 MSC 9

Interactance 0.57 0.682 0.46 0.795 MSC+MedF 9

0.58 0.670 0.47 0.786 SNV 9

0.58 0.670 0.47 0.786 SNV+MedF 9

0.58 0.667 0.22 0.952 MSC+SGl1 6

0.69 0.526 0.27 0.930 MSC+SGl1 9

0.70 0.520 0.27 0.930 SNV+SGl 9

0.72 0.516 0.53 0.720 MSC 9

Transmission-180° 0.72 0.514 0.54 0.714 MSC+MedF 9

0.72 0.506 0.53 0.729 Norm-Mean 11

0.73 0.502 0.49 0.767 Raw 13

0.72 0.502 0.58 0.673 Norm-Max 9

0.39 0.852 0.30 0912 Norm-Range 12

0.39 0.851 0.31 0.905 Norm-Mean 11

0.39 0.851 0.30 0912 Norm-Max 12

Transmission-90° 0.39 0.850 0.32 0.902 MSC 10

0.39 0.850 0.32 0.902 MSC+MedF 10

0.39 0.849 0.31 0.903 SNV 11

0.39 0.849 0.31 0.903 SNV+MedF 11
%15 x15 x15
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Fig. 8 Scatter plots of measured versus predicted SSC using MSC preprocessor for the spectral data collected by the 3 modes of the data

acquisition method of the 1st experiment.
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Fig. 9 Scatter plots of measured versus predicted SSC using MSC preprocessor for the spectral data collected by the 3 modes of the data

acquisition method of the 2nd experiment.
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Fig. 10 Scatter plots of measured versus predicted SSC using MSC preprocessor for the spectral data collected by the 3 modes of the data

acquisition method of the 3rd experiment.
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