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Transmittance Spectrum
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Abstract

The goal of this study was to develop prediction models to estimate the storage days of tomato. The transmittance spectral
data measured on tomato were preprocessed through normalization, SNV, Savitzky-Golay, and Norris Gap and then were
used to build the prediction models using partial least square (PLS}) method.

For the experiments, the tomato samples of different varieties were collected at different harvest time. The samples were
taken right after harvest from the field and then were stored in a low-temperature storage room in which room temperature
was maintained at 10C. The transmittance spectral data of the tomato samples were measured at three-day intervals for

16 days.

The performance of the prediction models was affected by the preprocessing techniques as well as the varieties and
harvest time of the tomato. The best model was found when SNV was applied. The accuracy of the best model was 90.2%.
It can be concluded that the transmittance spectra are useful information for predicting the period of storage of tomato.
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Fig. 1 Schematic diagram of experimental setup to measure tran-
smittance spectrum from a tomato.

2) &Y Uy

T"I T 44%1}&]

é o= EU]—E—E—
3 vhe, 10T Bae] sasids APUZHE 1643Y

A2y S5,

T AHEYS 2 AT
X 13 Po] 7t PR 67l 2FOE T

Table 1 Number of samples used to develop a model to predict the storage days after harvest of tomato

S8

. Number of samples
Exp. Cultivar
date 1 date 4 date 7 date 10 date 13 date 16 Total
Super-sunload 53 54 51 52 49 52 311
Super-sunioad 73 72 64 53 61 44 367
3 Ho-yong 60 60 60 60 60 60 360
Total 186 186 175 165 170 156 1038
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Table 2 Number of commingled spectrums used to develop a model to predict the storage days after harvest regardless of harvest time and

cultivar of tomato

Number of spectrums
date 1 date 4 date 7 date 10 date 13 date 16
Calibration 110 102 99 86 97 84
Validation 76 84 76 79 73 72
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Table 3 Results of calibration and validation data obtained by the developed experiment

Calibration
Preprocessing Exp. 1 Exp. 2 Exp. 3
LA B B
Raw data 0.83 0.75 0.70
Mean 0.82 0.76 0.84
Normalization Maximum 0.83 0.76 0.80
Range 0.83 0.76 0.80
SNV 0.83 0.75 0.79
. Ist deri. 0.63 0.66 0.76
Savitzky-Golay 2nd deri. 0.64 0.65 0.69
Norris Gap Ist deri. 0.62 0.65 0.72
2nd deri. 0.66 0.65 0.76
Preprocessing Validation
Exp. 1 Exp. 2 Exp. 3
Raw data 89.2% (116/130) 96.6% (144/149) 95.0% (171/180)
Mean 94.6% (123/130) 96.6% (143/149) 97.8% (176/180)
Normalization Maximum 93.8% (122/130) 96.6% (144/149) 93.9% (169/180)
Range 96.2% (125/130) 96.6% (144/149) 95.0% (171/180)
SNV 96.2% (125/130) 97.3% (145/149) 91.7% (165/180)
Savitzky-Golay 1st deri. 87.7% (114/130) 96.6% (144/149) 94.4% (170/180)
2nd deri. 87.7% (114/130) 96.6% (144/149) 97.2% (175/180)
Norris Gap Ist deri. 88.5% (115/130) 94.0% (140/149) 93.9% (169/180)
2nd deri. 88.5% (115/130) 96.0% (143/149) 97.2% (175/180)
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Table 4 Results of validation for experiment 2 and 3 by the prediction model (obtained using the data of experiment 1)

a) Experiment 2

= Sl T =
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Preprocessing date 1 date 4 date 7 date 10 date 13 date 16 total
Raw data 47.9% 55.6% 51.6% 52.8% 34.4% 52.3% 49.0%
(35/73) (40/72) (33/64) (28/53) 21/61) (23/44) (180/367)
Mean 82.2% 77.8% 89.1% 92.5% 95.1% 93.2% 87.5%
(60/73) (56/72) (57/64) (49/53) (58/61) (41/44) (321/367)
Normalization Maximum 91.8% 83.3% 92.2% 92.5% 98.4% 93.2% 91.6%
(67/73) (60/72) (59/64) (49/53) (60/61) (41/44) (336/367)
Range 81.8% 88.9% 95.3% 96.2% 98.4% 97.7% 94.3%
(67/73) (64/72) (61/64) (51/33) (60/61) (43/44) (346/367)
SNV 86.3% 88.9% 93.8% 90.6% 98.4% 93.2% 91.6%
(63/73) (64/72) (60/64) (48/53) (60/61) (41/44) (336/367)
Ist deri. 52.1% 59.7% 54.7% 62.3% 36.1% 45.5% 52.0%
Savitzky-Golsy (38/73) (43/72) (35/64) (33/53) (22/61) (20/44) (191/367)
ond deri. 64.4% 80.6% 90.6% 90.6% 90.2% 84.1% 82.6%
(47/73) (58/72) (58/64) (48/53) (55/61) (37/44) (303/367)
Ist deri. 53.4% 58.3% 53.1% 64.2% 44.3% 61.4% 55.3%
Norris Gap (39/73) (42/72) (34/64) (34/53) (27/61) (27/44) (203/367)
ond deri. 63.0% 65.3% 62.5% 79.2% 63.9% 77.3% 67.6%
(46/73) (47/72) (40/64) (42/53) (39/61) (34/44) (248/367)
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Table 4 Results of validation for experiment 2 and 3 by the prediction model (obtained using the data of experiment 1) (Continued)

b) Experiment 3

Preprocessing date 1 date 4 date 7 date 10 date 13 date 16 total
Raw data 18.3% 61.7% 60.0% 73.3% 33.3% 11.7% 43.1%
(11/60) (37/60) (36/60) (44/60) (20/60) (7/60) (155/360)
Mean 56.7% 61.7% 86.7% 83.3% 90.0% 86.7% 77.5%
(34/60) (37/60) (52/60) (50/60) (54/60) (52/60) (279/360)
Normalization Maximum 66.7% 83.3% 93.3% 91.7% 96.7% 90.0% 86.9%
(40/60) (50/60) (56/60) (55/60) (58/60) (54/60) (313/360)
Range 70.0% 88.3% 93.3% 98.3% 98.3% 90.0% 89.7%
(42/60) (53/60) (56/60) (59/60) (59/60) (54/60) (323/360)
SNV 68.3% 90.0% 96.7% 98.3% 98.3% 90.3% 90.3%
(41/60) (54/60) (58/60) (59/60) (59/60) (54/60) (325/360)
Ist deri. 41.7% 70.0% 83.3% 76.7% 70.0% 78.3% 70.0%
Savitzky-Golay (25/60) (42/60) (50/60) (46/60) (42/60) (47/60) (252/360)
nd deri. 50.0% 85.0% 95.0% 98.3% 80.0% 83.3% 81.9%
(30/60) (51/60) (57/60) (59/60) (48/60) (50/60) (295/360)
Ist deri. 38.3% 66.7% 80.0% 75.0% 63.3% 63.3% 64.4%
Norris Gap (23/60) (40/60) (48/60) (45/60) (38/60) (38/60) (232/360)
ond deri. 41.7% 71.7% 86.7% 86.7% 70.0% 76.7% 72.2%
(25/60) (43/60) (52/60) (52/60) (42/60) (46/60) (260/360)
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Table 5 Results of validation for experiment 1 and 3 by the prediction model (obtained using the data of experiment 2)

a) Experiment 1

Preprocessing date 1 date 4 date 7 date 10 date 13 date 16 total
Raw data 98.1% 50.0% 39.2% 36.5% 44.9% 32.7% 50.5%
(52/53) (27/54) (20/51) (19/52) (22/49) (17/52) (157/311)
Mean 62.3% 0.0% 0.0% 0.0% 0.0% 0.0% 10.6%
(33/53) (0/54) (0/51) (0/52) (0/49) (0/52) (33/311)
Normalization Maximum 66.0% 0.0% 0.0% 0.0% 0.0% 0.0% 11.3%
(35/53) (0/54) (0/51) (0/52) (0/49) (0/52) (35/311)
Range 62.3% 0.0% 0.0% 0.0% 0.0% 0.0% 10.6%
(33/53) (0/54) (0/51) (0/52) (0/49) (0/52) (33/311)
SNV 60.4% 0.0% 0.0% 0.0% 0.0% 0.0% 10.3%
(32/53) (0/54) (0/51) (0/52) (0/49) (0/52) (32/311)
Ist deti. 96.2% 63.0% 56.9% 44.2% 57.1% 40.4% 59.8%
Savitzky-Golay (51/53) (34/54) (29/51) (23/52) (28/49) (21/52) (186/311)
nd deri. 98.1% 94.4% 98.0% 96.2% 89.8% 98.1% 95.8%
(52/53) (51/54) (50/51) (50/52) (44/49) (51/52) (298/311)
Ist deri. 96.2% 63.0% 56.9% 48.1% 59.2% 42.3% 61.1%
Nortis Gap (51/53) (34/54) (29/51) (25/52) (29/49) (226/52) (190/311)
2nd deri. 96.2% 70.43% 86.3% 63.5% 67.3% 59.62% 74.0%
(51/53) (38/54) (44/51) (33/52) (33/49) (31/52) (230/311)
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Table 5 Results of validation for experiment 1 and 3 by the prediction model (obtained using the data of experiment 2) (Continued)

b) Experiment 3

Preprocessing date 1 date 4 date 7 date 10 date 13 date 16 total
Raw data 51.7% 71.7% 88.3% 98.3% 78.3% 38.3% 71.1%
(311/60) (437/60) (53/60) (59/60) (47/60) (23/60) (258/360)
Mean 78.3% 80.07% 95.07% 85.0% 78.3% 70.0% 81.1%
(47/60) (48/60) (57/60) (51/60) (47/60) (42/60) (292/360)
Normalization Maximum 78.3% 86.7% 90.03% 85.0% 78.37% 65.0% 80.6%
(47/60) (52/60) (54/60) (51/60) (47/60) (39/60) (290/360)
Range 78.3% 83.3% 90.0% 85.0% 78.3% 61.7% 79.4%
(47/60) (50/60) (54/60) (51/60) (47/60) (37/60) (286/360)
SNV 73.3% 73.30% 91.7% 86.7% 78.3% 65.0% 78.1%
(44/60) (44/60) (55/60) (52/60) (47/60) (39/60) (281/360)
Ist deri. 90.0% 95.0% 96.7% 100.0% 91.7% 91.7% 94.2%
Savitzky-Golay (54/60) (57/60) (58/60) (60/60) (55/60) (55/60) (339/360)
ond deri. 91.7% 98.3% 96.70% 100.0% 98.3% 96.7% 96.9%
(55/60) (59/60) (58/60) (60/60) (59/60) (58/60) (349/360)
Ist deri. 90.0% 93.3% 96.70% 100.0% 86.7% 90.0% 92.8%
Norris Gap (54/60) (56/60) (58/60) (60/60) (52/60) (54/60) (334/360)
ond deri. 75.0% 80.0% 88.37% 91.7% 71.7% 80.0% 81.1%
(45/60) (48/60) (53/60) (55/60) (43/60) (48/60) (292/360)
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Table 6 Results of validation for experiment 1 and 2 by the prediction model (obtained using the data of experiment 3)

a) Experiment 1

Preprocessing date 1 date 4 date 7 date 10 date 13 date 16 total
Raw data 86.8% 83.3% 76.5% 61.5% 55.1% 44.2% 68.23%
(46/53) (45/54) (39/51) (32/52) (27/49) (23/52) (212/311)
Mean 18.9% 0.0% 0.0% 0.0% 0.0% 0.0% 32%
(10/53) (0/54) (0/51) (0/52) (0/49) (0/52) (10/311)
Normalization Maximum 54.7% 0.0% 0.0% 0.0% 0.0% 0.0% 9.3%
(29/53) (0/54) (0/51) (0/52) (0/49) (0/52) (29/311)
Range 58.5% 0.0% 0.0% 0.0% 0.0% 0.0% 10.01%
(31/53) (0/54) (0/51) (0/52) (0/49) (0/52) (31/311)
SNV 71.73% 37.07% 43.1% 38.5% 14.3% 3.8% 35.0%
(38/53) (20/54) (22/51) (20/52) (7/49) (2/52) (109/311)
Ist deri. 81.1% 51.9% 37.3% 34.6% 36.7% 28.8% 45.3%
Savitzky-Golay (43/53) (28/54) (19/51) (18/52) (18/49) (15/52) (141/311)
ond deri. 90.6% 88.9% 88.2% 73.1% 73.5% 73.1% 81.4%
(48/53) (48/54) (45/51) (38/52) (36/49) (38/52) (253/311)
Ist deri. 83.0% 66.7% 64.7% 48.1% 55.1% 30.8% 58.2%
Norris Gap (44/53) (36/54) (33/51) (25/52) (27/49) (16/52) (181/311)
ond deri. 73.6% 46.3% 37.3% 30.8% 38.8% 28.2% 42.8%
(39/53) (25/54) (19/51) (16/52) (19/49) (15/52) (133/311)
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Table 6 Results of validation for experiment 1 and 2 by the prediction model (obtained using the data of experiment 3) (Continued)

b) Experiment 2

Preprocessing date 1 date 4 date 7 date 10 date 13 date 16 total
Raw data 41.1% 51.4% 45.3% 56.6% 32.8% 43.2% 45.01%
(30/73) (37/72) (29/64) (30/53) (20/61) (19/44) (165/367)
Mean 37.3% 44.4% 35.90% 69.8% 42.6% 47.7% 45.2%
(27/73) (32/72) (23/64) (37/53) (26/61) (21/44) (166/367)
Normalization Maximum 30.1% 52.8% 57.8% 66.0% 41.0% 43.2% 48.0%
(22/73) (38/72) (37/64) (354/53) (25/61) (19/44) (176/367)
Range 41.1% 69.4% 70.3% 71.7% 45.9% 34.1% 56.1%
(30/73) (507/72) (45/64) (38/53) (28/61) (15/44) (206/367)
SNV 30.1% 54.2% 75.0% 67.93% 54.1% 52.3% 54.8%
(22/73) 39/72) (483/64) (36/53) (33/61) (23/44) (201/367)
Ist deri 37.0% 54.2% 43.8% 52.8% 31.1% 40.9% 43.3%
Savitzky-Golay (27/73) (39/72) (28/64) (28/53) (190/61) (18/44) (159/367)
2nd deri. 76.7% 77.8% 64.1% 73.6% 42.6% 59.1% 66.5%
(56/73) (56/72) (41/64) (39/53) (26/61) (26/44) (244/367)
Ist deri. 38.4% 58.37% 50.0% 58.5% 31.1% 38.6% 46.0%
Norris Gap (28/73) (427/72) (32/64) (31/53) (19/61) (17/44) (169/367)
ond deri. 34.2% 51.4% 34.4% 56.6% 27.9% 38.6% 40.3%
(25/73) (37/72) (22/64) (304/53) (17/61) (17/44) (148/367)
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Table 7 Validation results for the models to predict freshness of tomato regardless of harvest time and cultivar by the developed PLS model

Preprocessing date 1 date 4 date 7 date 10 date 13 date 16 total
Raw data 82.9% 83.3% 82.9% 67.1% 67.1% 62.5% 74.6%
(63/76) (70/84) (63/76) (53/79) (49/73) (45/72) (343/460)
Mean 93.4% 90.5% 94.711% 88.6% 87.7% 81.9% 89.6%
(71/76) (76/84) (72/76) (70/79) (64/73) (59/72) (412/460)
Normalization Maximum 93.4% 88.1% 89.5% 88.6% 83.6% 79.2% 87.2%
(71/76) (74/84) (68/76) (70/79) (61/73) (57/72) (401/460)
Range 93.4% 88.1% 94.7% 87.3% 87.7% 81.9% 88.9%
(71/76) (74/84) (72/76) (69/79) (64/73) (59/72) (409/460)
SNV 93.4% 90.5% 94.7% 89.9% 89.0% 83.3% 90.2%
(71/76) (76/84) (72/76) (71/79) (65/73) (60/72) (415/460)
Ist deri. 82.9% 81.0% 84.2% 74.7% 69.9% 69.4% 77.21%
Savitzky-Golay (63/76) (68/84) (64/76) (59/79) (51/73) (50/72) (355/460)
ond deri 85.5% 90.5% 93.4% 79.7% 76.7% 83.3% 85.0%
(65/76) (76/84) (71/76) (63/79) (56/73) (60/72) (391/460)
Ist deri 82.9% 82.1% 84.2% 72.2% 68.5% 69.4% 76.7%
Norris Gap (63/76) (69/84) (64/76) (57/79) (50/73) (50/72) (353/460)
ond deri 84.2% 76.2% 85.5% 75.9% 69.9% 69.4% 77.0%
(64/76) (64/34) (65/76) (60/79) (51/73) (50/72) (354/460)
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