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Abstract

Hyperspectral reflectance imaging technology was used to predict internal quality of cherry tomatoes with the spec-
tral range of 400-1000 nm. Partial least square (PLS) regression method was used to predict firmness, sugar content,
and acid content. The PLS models were developed with several preprocessing methods, such as normalization, stan-
dard normal variate (SNV), multiplicative scatter correction (MSC), and derivative of Savitzky Golay. The perfor-

mance of the prediction models were 1nvest1gated to find the best combination of the preprocessing and

PLS

models. The coefficients of determination (R;) and standard errors of predlctlon (SEP) for the prediction of firm-
ness, sugar content, and acid content of cherry tomatoes from green to red ripening stages were 0.876 and 1.875
kgf with mean of normalization, 0.823 and 0.388°Bx with maximum of normalization, and 0.620 and 0.208% with

maximum of normalization, respectively.
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‘ Harvest cherry tomatoes and sort them by quality

"

‘ Acquire hyperspectral Images

"

Compressive force measurements

.

Sugar content measurements

.

Acid content measurements

«

‘ PLSR model developments

Fig. 1. Entire procedures for the measurements of internal
quality of cherry tomatoes using the hyperspectral imaging
system.
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Fig. 2. Schematic diagram of the hyperspectral imaging system.
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Fig. 3. Procedure for obtaining reflectance spectra from hyperspectral images.
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Where, T4: Concentration of acidity in the 100 mL
Citric acid M. W. of 1 N : 64.04 g/L
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SEC = (5)
> (0-») - Bias)’

SEC = — T (6)

Bias = (7)

Where, ):l» : Predicted value of the i-th observation
¥, : Measured value of the i-th observation
m : Number of observations in the calibration set
n : Number of observations in the validation set
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Table 1. Properties of the samples.
Items
Characteristics Set
No. Range Mean Std. dev.
Fi K Calibration 125* 4.76 -25.27 12.31 5.15
trmness (kg,) Prediction 54 499-27.17 12.42 5.36
S ont (B Calibration 126 42-89 6.05 0.94
ugar content ("Bx) Prediction 54 44-84 6.04 0.93
Acid contents (% Calibration 126 0.58-1.94 127 033
cid contents (%) Prediction 54 0.65-2.11 128 034

*one test failure of firmness measurement
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Fig. 4. Reflectance spectra of cherry tomatoes acquired by hyperspectral imaging system (a) individual reflectance spectra of cherry
tomatoes (b) average reflectance spectra according to six grades of cherry tomatoes.

Table 2. PLS results for the calibration of firmness, sugar content and acid content using reflectance spectra of cherry tomatoes.

. Firmness (kg Sugar contents (°Bx) Acid contents (%)
Preprocessing 5 5 5 5 5 5
R. SEC R.,, SECV R SEC  R.,, SECV R, SEC R.,, SECV

Raw data 0.869 1.862 0.858 1950 0.663 0.542 0.634 0.569 0.806 0.146 0.700 0.183

Mean 0.888 1.718 0.874 1.841 0.885 0316 0.758 0.462 0.806 0.146 0.703 0.182
Normalization Maximum 0.888 1.722 0.872 1.852 0.885 0315 0.757 0463 0.816 0.142 0.724 0.175

Range 0.887 1.726 0.872 1.856 0.871 0335 0.737 0482 0.809 0.144 0.688 0.186
MSC 0.863 1.904 0.851 1999 0.882 0320 0.737 0.482 0.810 0.144 0.699 0.184
SNV 0.877 1.798 0.863 1914 0.737 0.478 0.677 0.535 0.815 0.142 0.697 0.184
Savitzky-Golay 15; deri_. 0.871 1.846 0.858 1949 0922 0259 0.752 0468 0.773 0.158 0.691 0.186

2" deri. 0.883 1.758 0.851 2.001 0.808 0.408 0.699 0.516 0.612 0.206 0.563 0.221
R’ and R, : Coefficient of determination of calibration and validation
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Table 3. PLS results for prediction of firmness, sugar content and acid content using reflectance spectra of cherry tomatoes.

) Firmness (kg Sugar contents (°Bx) Acid contents (%)
Preprocessing . . 5
R} SEP R} SEP R SEP
Raw data 0.848 2.084 0.642 0.552 0.583 0.217
Mean 0.876 1.875 0.821 0.390 0.615 0.209
Normalization Maximum 0.874 1.896 0.823 0.388 0.620 0.208
Range 0.863 1.969 0.805 0.407 0.609 0.211
MSC 0.836 2.161 0.809 0.403 0.614 0.210
SNV 0.853 2.047 0.692 0.510 0.620 0.209
Savitzkv-Gola 1 deri. 0.850 2.070 0.752 0.452 0.569 0.221
O 2" deri. 0.838 2.153 0.786 0.426 0.586 0215
R; : Coefficient of determination of prediction.
% : R’ : 0.876 7 "1 R?: 0823 ~ 201 R 1 0,620
€77 SEP : 1875 £ 4] SEP : 0388 Y S | SEP: 0208 e gt e
g 50 % g g . T
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Fig. 5. Best results for the prediction of (a) firmness with mean of normalization, (b) sugar content with maximum of normalization,
and (c) acid contents with maximum of normalization of cherry tomatoes.
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Table 4. PLS results for the calibration of firmness, sugar content and acidity content using reflectance spectra of cherry tomatoes
at PK, LR, and RD grades.

. Firmness (kg,) Sugar contents (°Bx) Acid contents (%)

Preprocessing 5 7 5 5 5 5
R, SEC R,, SECV R SEC R.,, SECV R; SEC R., SECV
Raw data 0.790 0.927 0.718 1.091 0935 0.231 0.662 0.538 0.536 0.193 0.512 0.201
Mean 0903 0.629 0.764 0.997 0951 0.200 0.694 0.511 0.568 0.186 0.541 0.195
Normali-zation Maximum 0920 0.571 0.754 1.081 0940 0.222 0.696 0.509 0.548 0.190 0.534 0.196
Range 0.893 0.660 0.744 1.040 0.937 0.228 0.706 0.502 0.568 0.186 0.542 0.195
MSC 0.927 0.546 0.771 0.983 0.861 0.339 0.665 0.536 0.541 0.192 0.528 0.198
SNV 0905 0.622 0.741 1.046 0.859 0.342 0.640 0.556 0.538 0.192 0.525 0.198
. 1** deri. 0908 0.613 0.748 1.031 0.820 0.386 0.631 0.562 0.555 0.189 0.516 0.200

Savitzky-Golay 4

2" deri. 0.885 0.684 0.726 1.076 0.844 0.359 0.642 0.553 0.832 0.116 0.603 0.181

Table 5. PLS results for the prediction of firmness, sugar content and acidity content using reflectance spectra of cherry tomatoes
at PK, LR, and RD grades.

Firmness (kg,) Sugar contents (°Bx) Acid contents (%)
Preprocessing Prediction Prediction Prediction
R, SEP R, SEP R, SEP
Raw data 0.612 1.110 0.524 0.583 0.525 0.190
mean 0.626 1.074 0.572 0.555 0.510 0.192
Normalization maximum 0.614 1.079 0.586 0.546 0.523 0.190
range 0.679 0.976 0.576 0.552 0.512 0.191
MSC 0.567 1.136 0.539 0.569 0.522 0.191
SNV 0.550 1.174 0.548 0.565 0.522 0.191
. 1" deri. 0.555 1.167 0.274 0.703 0.517 0.191
Savitzky-Golay .
2" deri. 0.602 1.119 0.559 0.548 0.547 0.188
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Fig. 6. Best results for the prediction of (a) firmness with range of normalization, (b) sugar contents with maximum of normalization,
and (c) acid contents with 2nd derivative of Savitzky Golay of cherry tomatoes at PK, LR, and RD grades.
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