144

FOOD& MACHINERY

DOI:10.13652/.issn.1003-5788.2020.07.030

HIHETH BE2258 | 220F 7 A | RS

E T Trace Pro (A ER#E R Byl 4 i

EES

i

Zit 516

Parameter design and experiment of spectral detection tray for orange

fruit quality based on Trace Pro simulation
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Abstract: In order to realize the visible/near infrared spectroscopy
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nondestructive testing of the internal quality of orange fruits,
Trace pro software is used to carry out optical simulation analysis
on the designed orange fruit online testing and conveying tray
model. referring to the luminance/illuminance value in the simu-
lation result, the tray model with higher value is processed in
kind, and is tested and verified by combining with the actual
spectrum testing platform. The simulation results show that the
optimal shape parameters of the achievement transfer tray were:
outer diameter 80 mm, inner transverse diameter 55 mm, inner
longitudinal diameter 50 mm, and thickness 20 mm. Different
materials were used to process the tray for the detection of
soluble solids content (SSC) of actual orange fruits. After the
spectral data were preprocessed, the partial least squares regres-
sion (PLSR) prediction model was used, among which acrylic
tray had the best prediction result. In order to further optimize
the detection model, genetic algorithm (GA) and stability com-
petition adaptive re-weighted sampling (SCARS) algorithms are
used to extract spectral characteristic bands respectively, and a
prediction model of PLSR of orange SSC is established. The
SCARS algorithm has the best feature extraction method, and
the prediction decision coefficient R%. is 0.920 9. The predicted
rms error (RMSEP) is 0.468 3.

Keywords: VIS/NIR spectroscopy; detection; tray; soluble
solids content; orange; simulation
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Table 1 Morphological characteristics of
120 orange fruits

T &R AE A2/ mm A/ mm B/ g
S ¥ 1 80.45 83.93 270.56
i i 22 3.48 4.20 22.13
e RAH 86.79 93.32 334.48
e /IME 69.91 71.34 227.88
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Figure 1 Three views of the tray
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Figure 2 Schematic diagram of dome lamp

lighting mechanism
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Table 2 Statistics of orange’s soluble solids

(b) el BT R OR EIE HEA Kt SFHME/“Brix  FRifE2E /" Brix
B3 Sy AR AR K IESE 80 10.77 0.85
Figure 3 Optical simulation model and effect LS o 1058 091
x3 TMATHESEE/RENXAR
Table 3 Relation between number of dome lamps and irradiance/illumination value
SRIUE JEE/ Wi, AR/ o I/ IR/ I KA R/ S ME/
/5% mm mm mm (Wem %) (Wem ?) (Wem ?)
1 20 50 50 PC ¥k} 1.845 9E—013 1815.1 16.041
7 20 50 50 PC ¥k} 2.154 8E—012 1 815.1 26.355
13 20 50 50 PC %3k} 5.647 8E—009 1815.1 49.109
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Experimental damage to orange fruit
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Figure 4
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120 A48 JRAEZ A TE 1 N 1Y JR R D63
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PLSR 5 1) 5 A% W00 45 % R2, 20 0.952 9, RMSEC
4 0.256 8,R%.H 0.805 2,RMSEP 4 0.653 9, X 51 &
S50 — B0 FE M R S 80T W 5 T3 M ORHIG FE £ RO
R T A T A 5 g — 2 Ak
2.2.2 IRAETOMBIR  dy T 4G o6 3 R AE A BE A B 4 2
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Table 4 Relation between inner diameter of tray and irradiance/illumination value

AR/ WPR/ IR JERE/ T/ N IR B/ S KR IR EE/ A/
mm mm e M mm (Wem %) (Wem 2) (Wem 2)
40 40 7 PC ¥k 20 1.638 2E—010 1.815.1 25.643
45 40 7 PC ¥k} 20 2.965 9E—011 1 815.1 27.609
50 50 7 PC ¥k} 20 2.154 SE—012 1 815.1 26.355
55 50 7 PC ¥k} 20 1.456 6E—012 1944.2 26.865
55 55 7 PC ¥8 k) 20 1.173 2E—014 1 815.1 24.877

x5 REEESEE/REMXER
Table 5 Relation between thickness of tray and irradiance/illumination value
JERE/ WHERE/ R/ KT 5K " S /N IR EE/ T KR IR EE/ F-HfE/
mm mm mm /a5 R (Wem ?) (Wem 2) (Wem 2)
20 50 50 7 PC ¥k} 2.154 8E—012 1 815.1 26.355
25 50 50 7 PC ¥k  6.163 6E—014 1 815.1 23.555
30 50 50 7 PC ¥k  6.163 0E—014 1 815.1 23.555
35 50 50 7 PC ¥k  2.241 TE—012 1 815.1 26.142
*6 REAMMEEE/BENXER
Table 6 Relation between material type of tray and irradiance/illumination value
BORER e mm R /mm s/ NiE BREE/ B KA BREE/ - B {E/
(Wem2) (Wem?2) (Wem2)
W5 77 55~50 20 2.328 4dE—012 1965.8 29.035
ABS g 55~50 20 1.332 2E—012 1815.1 25.572
PC ¥ %} 55~50 20 1.456 6E—012 1944.2 26.865
4 55~50 20 2.602 4dE—013 1 815.1 24.217
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Figure 5 Spectra of trays made of four different materials
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diffuse transmission of 120 orange fruits

®7 ETAEREEN PLSR ZERMNER
Table 7 PLSR modeling and forecast results

based on different trays

\ 1 1E 4 BUIRIIUES
R3]
2 RMSE Rl RMSE
ABS #f g 0.952 2 0.221 2 0.662 7 0.583 3
¥ 0.769 2 0.600 7 0.537 4 0.906 7
PC ¥} 0.803 5 0.385 5 0.750 9 0.433 9
DIAW) 0.952 9 0.256 8 0.805 2 0.653 9
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Figure 8 SSC detection results of orange fruit based on
GA algorithm feature extraction method
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Figure 9 SSC detection results of orange fruit based on

SCARS algorithm feature extraction method
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