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Fig.3 Near-infrared transmittance spectra of samples
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Fig.5 External characteristic changes of granulation samples from class 1 to class 5
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Fig.6 Inner quality changes of granulation samples from class 1 to class 5
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Tab.1 Physical and chemical indicators of samples in each granulation level
200 s H/mm L/mm V/em® MC/ % SSC/% TA/ %
1 146 193. 82 £3.93* 216.91 1. 93" 4237.03 +19. 83* 87.9+1.7° 12.4 +0. 8* 0. 86 +0. 09*
2 166 190. 86 +8. 09* 212.93 £8.66"  3956.70 +17. 46* 86.9 +1.4% 10.9 0. 6" 0.82 +0. 13*
3 76 177.72 +8.17" 202.90 +0. 46" 3 358.68 +18. 38" 85.2 +5.5% 10.3 +0.5°¢ 0.64 +0. 09"
4 120 177.51 +3. 68" 197.29 +5. 88¢ 3322.64 +12.97" 84.2 £3.2% 10.1 £0. 8¢ 0.63 £0.07"
5 92 162.03 8. 87¢ 172.58 £6.76¢ 2468. 45 +15.79¢ 83.3 +6.5¢ 10.0 0. 6¢ 0.54 0. 05¢
RIFIARFEF R FRR 227 BE (P <0.05),
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" 12}
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Y=0.916 6X+55.483 2(R*=0.987 9) - +1.96
5000 10r--f- 99
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4000 s | = T,
& Fapl
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4T 44
2000 sl
1 1 1 1 | 0 [ 1 1 1 1 I
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Fig.7 Data analysis of measured and estimated values of volume
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Tab.2 Confusion matrix of classification models
Pl T 5
SRR it/ A~ S SRR 2/ S S 6 it/ A~ S U S £ PR A B A
1 2 3 4 5 1 2 3 4 5
131 1 83 48 0 0 0 15 1 11 4 0 0 0
101 2 12 89 0 0 0 65 2 7 58 0 0 0
SPA-FCM 41 3 0 3 38 0 0 35 3 0 0 35 0 0
70 4 0 0 2 63 5 50 4 0 0 0 45 5
57 5 0 0 3 17 37 35 5 0 0 0 9 26
114 1 104 10 0 0 0 32 1 32 2 0 0 0
131 2 6 125 0 0 0 35 2 1 34 0 0 0
SPA -KNN 21 3 0 0 16 0 5 55 3 0 0 55 0 0
94 4 0 0 0 88 6 26 4 0 0 0 25 1
40 5 0 0 3 4 33 52 5 0 0 0 4 48
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SR B ERA PR | R R R R i IR F) 0,925 9,
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B SRR FIRE S 43 )3k 210 0. 970 0.,0. 923 1 Fil
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Tab.3  Predictive performances of classification models

for predicted set of samples

SPA-FCM
WEGRTE  MUEE RREE ERRE BURME Rk
1 0.9409 0.7333 0.9591 0.9845 0.9412 0.9938

SPA-KNN

2 0.9409 0.8923 0.9669 0.9845 0.9714 0.9874
3 1 1 1 1 1 1

4 0.9259 0.9000 0.9353 0.9845 0.9615 0.9881
5 0.9259 0.7429 0.9675 0.9700 0.9231 0.9932

3 5% it
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G AT LA S b T A A | 76 A P S i B ) £k
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PG AR P, XPREAR TCRIR 3 T 52 IR 4
W, PR, HE T AT 2L A0 a7 56 T AL 5 £ AR XS
SR MR A9 23 SR I EL A A e A T A T, LA
N V5 B2 K R SRR 2 A R B A it JBA: D 1 17—
SE I FESERE IS
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Detection of Honey Pomelo in Different Granulation Levels
Based on Near-Infrared Transmittance Spectroscopy Combined
with Machine Vision

SUN Xiaopeng', LIU Cancan®, LU Huazhong'’, XU Sai*”
(1. College of Engineering, South China Agricultural University, Guangzhou 510642 , China;
2. College of Light Industry and Food Engineering, Guangxi University, Nanning 530004, China;
3. Guangdong Academy of Agricultural Sciences, Guangzhou 510642, China;
4. Public Monitoring Center for Agro-Product, Guangdong Academy of Agricultural Sciences,
Guangzhou 510642, China)

Abstract; Granulation is a physiological disorder of juice sacs in citrus fruit, which made juice sacs
become hard and dry and damaged the internal quality of citrus fruit. Honey pomelo is a thick-skinned
citrus fruit, and it is hard to identify the granulation levels by observing the outer peel and fruit shape. In
this study, a rapid and non-destructive detection method based on near-infrared transmittance
spectroscopy combined with machine vision technology was used to classify honey pomelo by the
granulation levels. 600 honey pomelos in different growth stages were harvested and divided into five
granulation levels according to the granulation changes of samples. Spectral data of samples were recorded
in the range of 900 ~ 1700 nm, which were combined with chemometrics to research the chemical
changes of inner quality caused by granulation. Machine vision technology can be used to study the
physical changes of external characteristics caused by granulation. Therefore, comparison of the
traditional method, this method has better predictive performances in classification models. In particular,
the predictive performances of accuracy, sensitivity, and specificity were respectively not less than 0.970 0,
0.923 1, and 0. 987 4 in the SPA-KNN (successive projections algorithm-K nearest neighbor) predicted
model. The results showed that this method could be used for classification and evaluation of granulation,
and had a great potential. The method provides a reference and theoretical basis for the online sorting and

inner quality detecting of thick-skinned fruits.

Keywords: machine vision; near-infrared transmittance spectroscopy; honey pomelo; granulation;

classification model
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