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Abstract

This study aimed to investigate the potential of hyperspectral imaging for non-destructively
prediction of tensile strength of the tomato fruits, and the impact on the prediction models
according to the ROI (Region of interests) selection methods in hyperspectral imaging. A
total of 180 tomatoes grown in a hydroponic greenhouse was used as samples. Tomatoes
images were obtained by using hyperspectral camera (400-1,000 nm), and then the tensile
strength of tomatoes was measured by using UTM (Universal testing machine). Two ROI
selection methods were considered in this study: first, whole area of tomatoes was selected

,.) | as RO, and second, 15 points in whole ROl were selected randomly. The spectrum extracted
by two methods was calculated as average value. And then, the averaged spectrum and the

Shesk for measured tensile strength were used as input data to develop the tomatoes tensile strength
S prediction models based on PLSR (Partial least square regression). As a result, there were no
& OPEN ACCESS significant difference between whole ROI (R*=0.691, RMSE=2.967 N) and random ROI (R*=0.690,
DO https.//doi.org/10.12972/jame.20230006 RMSE=2.971 N) methods. Therefore, we confirmed that hyperspectral imaing and PLSR model

could be used to non-destructively predict the tensile strength of tomatoes. However, it will
be necessary to carry out more experiments to achieve a more comprehensive prediction in
the future.
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Table 1. Maturity stages of tomato fruits

Stage Image Description a value

Green Entirely green -4.87 £2.73
Breaker First appearance of external pink or red color. -0.33 £ 2.50

not more than 10%

Turning Over 10% but not more than 30% red or pink 4.98 +2.70
Pink Over 30% but not more than 60% pinkish or red 10.70 =+ 2.53
Light red . Over 30% but not more than 60% pinkish or red 16.57 +2.32
Red ‘ Over 90% red 19.31 * 1.60

a value expresses the red/green scale, and ranges from -127 to 127 (positive is red, negative is green)

2 dFolME 28 Qe HASSH] Aol Fig. 13 22 AIARRE F/dskglt. o] AlARlol|A &= gt 400-
1,000 nmo| D%, 2047H94 ':EE% A|Z5H= 2232 7H 2K SPECIM IQ, SPECIM, Ouly, Finland) S AFE-3F3A T tESF QHg 29l
=S 741 2 I (H1000, Fomex, Seoul, Korea) S T 0 & AR&5191 o1, 7hH|2tH ct ok& Enf
EY % HXI fod ZE’ﬂ‘Oﬂ OJ5t THAH Y S AT 5 U= F /5Tt
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Fig. 1. The (A) schematic diagram and (B) actual images of hyperspectral image acquisition system
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Fig. 3. The schematic diagram for tensile strength measurement points and actual image
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least square regression) &3 AHE-SF{TE PLSR 2 9] thafet £4S ol S5he o Wol ARSSe iR oket 54
H] 0 2(Visquez et al, 2018), 0] BE- A MA2 7]Hko 2 HuhelEa} 289 E4 7to] A3 S melgsl=g) A}
2EthJic etal, 2013), 2 Aol A= ROT )% W (Case T, 1ol whek 212t 1807]9) 253 dfjo] e} 2 A}&to] o]€]
HIEE 735121, Training set (60%), Validation set (20%), Testing set (20%)% U+0f o) s} Bl A5-5 213t
(Wang et al., 2018). o] 251°] &84 H7}s}7] 913t 2| E 2 ZAA4R’, Coeflicient of determination)2} 2% TE A ii}
(RMSE, Root mean square error) S AF&-6131 01, 2RFA 0 2 R*= 10] 717245, RMSEE S&4-5 0|5 530| B 9
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Fig. 4. The reflectance spectrum of tomato extracted by whole ROI: (A) raw data and (B) pre-processed data
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Fig. 5. The reflectance spectrum of tomato extracted by random ROI: (A) raw data and (B) pre-processed
data
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Fig. 6. The result of correlation analysis according to whole ROl and random ROI
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ERAQICE AHAZ Case 1, 1T 25 PC1, PC27}F 22} 94.2%, 4.3%2 4] HA] 98 595 EHSH= 710 2 LERT) Fig,
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Table 2. The variance explained of PC1 and PC2

% of variance

PC1 PC2 Total
Whole ROIL 94.2 4.3 98.5
Random ROI 94.2 4.3 98.5
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Fig. 8. The match between measured and predicted tensile strength of tomato by using PLSR model: (A)
whole ROI and (B) random ROI
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