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Comparison of Performance of Models to Predict Hardness of Tomato using
Spectroscopic Data of Reflectance and Transmittance

Y. T. Kim

S. R Suh

This study was carried out to find a useful method to predict hardness of tomato using optical spectrum data. Optical
spectrum of retlectance and transmittance data were collected processed by 9 kind of preprocessing methods-normalizations
of mean, maximum and range, SNV (standard normal variate), MSC (multiplicative scatter correction), the first derivative
and second derivative of Savitzky-Golay and Norris-Gap. With the preprocessed and non-processed original spectrum data,
prediction models of hardness of tomato were developed using analytical tools of PLS (partial least squares) and MLR
(multiple linear regression) and tested for their validation. The test of validation resulted that the analytical tools of PLS
and MLR output similar performances while the transmittance spectra showed much better result than the reflectance

spectra.
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Fig. 1 Schematic diagram of experimental setup to measure reflec-
tance spectrum from a tomato.
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Fig. 2 Schematic diagram of experimental setup to measure trans-
mittance spectrum from a tomato.
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Table 1 Number of data used to develop prediction model and to validate the developed model for prediction of hardness of tomato

Number of data Hardness range (N)
Cultivar For calibration For validation o o
, ) For calibration For validation
Reflectance Transmttance Reflectance Transmittance
Super-sunload 2421 269 756 84 18.7~54.8 16.9~58.5
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Table 2 Results of calibration and validation of the developed models using reflectance spectrum by PLS method

. Calibration Validation
Preprocessing 5 -
R SEC R SEP
Raw data 0.44 8.3 0.17 7.0
Mean 0.34 9.0 0.20 6.7
Normalization Maximum 0.35 9.0 0.21 6.7
Range 0.29 94 0.16 6.8
MSC 0.33 9.1 0.18 6.6
SNV 0.34 9.0 0.18 6.7
1% derivative 0.40 8.1 0.14 7.0
Savi -Gola
tzky-Golay 2™ derivative 0.41 8.5 0.13 6.0
, 1% derivative 0.41 8.5 0.15 6.8
Norrs Gap v I
2" derivative 0.42 8.5 0.15 6.8
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Table 3 Results of calibration and validation of the developed models using transmittance spectrum by PLS method

. Calibration Validation
Preprocessing 5 T 2

R SEC R SEP

Raw data 0.50 5.1 0.52 6.9

Mean 0.66 4.2 0.62 6.0

Normalization Maximum 0.64 4.2 0.61 6.1
Range 0.64 4.3 0.64 5.9

MSC 0.62 4.2 0.62 6.2
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I 1% derivative 0.55 4.5 0.36 7.9

Savitzky-Golay — en.va %Ve : : i :
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Table 4 Results of calibration and validation of the developed models using reflectance spectrum by MLR method

|

_ Calibration Validation
Preprocessing 5 3

R SEC R SEP

Raw data 0.44 8.0 0.10 12.9

Mean 0.36 8.4 0.11 12.8

Normalization Maximum 0.37 8.6 0.13 10.8

Range 0.35 8.7 0.21 12.6

MSC 0.35 8.8 0.14 10.7

SNV 0.35 8.7 0.13 10.9

, 1" derivative 0.48 7.8 0.18 11.5
Savitzky-Golay — rTva %V

2" derivative 0.41 8.3 0.15 12.0

_ 1% derivative 0.47 7.9 0.19 114

Norris gap > —
2" derivative 0.44 8.1 0.17 11.8
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Table S Results of calibration and validation of the developed models using transmittance spectrum by MLR method

Preprocessing Calibration Validation

R SEC R SEP

Raw data 0.57 7.1 0.55 6.7

Mean 0.66 6.4 - -

Normalization Maximum 0.58 7.0 - -
Range 0.57 72 0.64 5.8

MSC 0.67 6.8 - -

SNV 0.65 59 0.62 6.0

, 1 derivative 0.64 6.2 0.51 6.8
Savitaky-Golay 2™ erivative 0.68 6.3 0.30 8.3
, 1 derivative 0.58 6.9 0.60 6.1

Norris gap o —

2™ derivative 0.61 6.0 0.66 5.8

ARl FRE AU 5EE S 3] 9
ot =33I3iT). o5 fJ5te] BEvkE WY Falg A
da SET the, olF 9% AHEY A Pl o3
Axestal AA2jsiA] o2 Aw7kx] £3 ¢ WA 5
g ABEY Z7e] F10F ARE o E PLSSE MLR
el A3 BrelSs B ekl 1 dee AU A
FAME vlusigitt.

O AW, BERE AR CG5E AeiMe Fab S
o] g3sh= o] F B axtAoly AR Sl ALk A%

2 ] el o o Be A7t 1ol ow

4 o

wAE Q) 83 T A e o) pLSgt MLRY &3]
7H1:ﬂ—6]— AT 01]

7HH1—H]—1ﬁ_J /\'] —8—

zgo] 4P AFAAE vlad A3
B3 7oz Bl

1. Choi, C. H, K. J. Kang and B. S. Park. 1997. Prediction of
soluble and firmness in apple by Visible/Near-Infrared spec-
troscopy. J. of the Korean Society for Agricultural Machinery
22(2):256-265. (In Korea)

2. Joseph, I. Jen. 1989. Quality factors of fruits and vegetables-
chemistry and technology. American Chemical Society, Wa-
shington D.C., ACS Series pp. 405-410.

3. Ketelaere Bart De, J. Lammertyn, G. Molenberghs, B. Nicolai
and J. De Baerdemaeker. 2003. Statistical modeling of tomato

firmness evolution during postharvest storage. ASABE Paper
No. 036136.

68

4.

5.

6.

7.

9.

10.

11.

12.

Lammertyn, J., B. Nicolai, K. Ooms, V. De Smedt and K.
De Baerdemaeker. 1998. Non-destructive measurement of acidity,
soluble solids and firmness of Jonagold apples using NIR-
spectroscopy. Trans. of the ASABE 41(4):1089-1094.

Lee, J. D., Y. T. Kim, S. R. Suh, S. N. Yoo and Y. S. Choi.
2007. Development of an algorithm to predict firmness of a
tomato using spectrometric property. Proceedings of the KSAM
2007 summer conference. pp. 387-390. (In Korea)

Liu Yan-de, Yi-bin Ying, Xiaping Fu and Huishan Lu. 2007.
Experiments on prediction sugar content in apples by FT-NIR
Technique. J. of Food Engi. 80(3):986-989.

Lu Renfu, D. E. Guyer and R. M. Beaudry. 2000. Deter-
mination of firmness and sugar content of apples using near-
infrared diffuse reflectance. J. of Texture Studies 31:615-630.
Lu Renfu. 2001. Predicting firmness and sugar content of sweet
cherries using near-infrared diffuse reflectance spectroscopy.
Trans. of the ASABE 44(5):1265-1271.

McGlone, V. A. and S. Kawano. 1998. Firmness, dri-matter
and soluble solids assesment of postharvest kiwifruit by NIR
spectroscopy. Postharvest Biology and Technology 13:131-
141.

Park, B. S., J. A. Abbott, K. J. Lee, C. H. Cho1 and K. H.
Choi. 2002. Near-infrared spectroscopy to predict soluble
solids and firmness in apples. ASABE Paper No. 023066.
Suh, S. R, Y. T. Kim, S. N. Yoo and Y. S. Choi. 2007.
Development of an algorithm to predict internal qualities of
tomatoes using spectrometric propery. Proceedings of the
KSAM 2007 summer conference. pp. 391-396. (In Korea)
Yong He, Y. Zhang, A. G. Pereira, A. H. Gomez, and J. Wang,
2005. Nondestructive determination of tomato fruit quality
characteristics using Vis/NIR spectroscopy technique. Intern.
J. of Information Tech. 11(11):97-108.



