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Detection on Potato Black Heart Disease by Near Infrared Spectroscopy
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Abstract; Potatoes are highly susceptible to internal defects such as black heart disease during storage,
which seriously affects market value and food safety. To explore the problem of deep learning in mining
the deep features of potato black heart disease spectral data, the near-infrared spectral data were two-
dimensionalized, based on residual neural network ( ResNet), convolutional block attention module
(CBAM) was introduced to enhance the features, and a threshold processing module was added to
remove the noise. The features were enhanced by introducing the CBAM, and the noise was removed by
adding the thresholding module, which realized the rapid and nondestructive detection of black heart
disease in potato. To explore the spectral two-dimensionalization method applicable to the detection of
potato black heart disease, four methods, namely, Gramian angular field ( GAF) , Markov transition field
(MTF), recurrence plot (RP) and wavelength-order conversion, were compared and analyzed. It was
found that the three methods GAF, MTF and RP were better compared with wavelength-order
transformation, and the best modeling effect was achieved after MTF processing, and the accuracy of the
training set reached 99. 60% . By comparing the performance differences of different models, it was found
that the test set accuracy of the improved ResNet model was 97.65% , which was better than that of
partial least squares discriminant analysis ( PLS —DA) , support vector machines (SVM) , MobileNet and
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ResNet by 5. 89, 7. 07, 3. 53 and 2. 36 percentage points, respectively, and the traditional chemometrics
methods PLS — DA and SVM were not as effective as neural network models such as MobileNet and

ResNet in modeling.

Key words: potato black heart disease; near infrared spectroscopy; ResNet; spectral data two-

dimensionalization
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Fig.8 Results of GAF, MTF, RP and PI for testing set
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Tab.1 Evaluation metrics of image transformation

method in improved ResNet model %
FURHAR L w2 RS [ELES F1{H
GAF 99. 21 99. 38 98.77 99.07
MTF 99. 60 99. 38 99. 38 99. 38
RP 97. 63 98. 14 97.56 97. 85
PI 96. 74 98.71 94. 44 96. 53

R2 BHEEDMEEER

Tab.2 Performance metrics of each classification

mode

Syl WEWR/ KR/ BRR/ FLE/ B

% % % % [6]/ms
PLS - DA 91.76 87.50 94. 59 90. 91 23
SVM 90. 58 91.44 86. 49 88.90 25
MobileNet 94. 12 94. 54 91. 89 93.20 41
ResNet 95.29 97.57 93.02 95.24 46
2t ResNet 97. 65 100 95.00 97. 44 51

M2 2 AT LAt (E g2z it i 22 )5 vk PLS —
DA SVM R HEAf 52 R % A 1R (F1(H 3G
F MobileNet , ResNet 1 2f ¥ ResNet #5258, H 1,
ok i ResNet #5544 /P 58 45 A5 b PLS — DA A
SVM L7143 Rl HE 2 5. 89 12,5 .0. 41 6. 53 N 4%
A17.07 8.56 8.51 .8.54 NEA S, XEHT
G MG A 2 2454, 8 o 6 R
TR 28 Bk 558 5 10 i 2 3k , O L b 28 ) 2% ]

DLE A7 i 6 i B U1 25, 302 PLS — DA (SVM R Ho 4%
9, B £E W mf 5] F, PLS — DA, SVM i T
MobileNet . ResNet i

G AR 28 X 4% MobileNet A5 B 6 O i %
B F1E 559K 94.12% 94.54% 91.89% .
93.20% , 1Mii ResNet FI4 it ResNet £171 4 >4 GE$5
% [ MobileNet 4351/ 1.17.3.03 1. 13 .1.96 ™ F
4% H A 3.53.5.46 3. 11 4.24 4~ 43 i, ResNet,
MobileNet £ 7Y 43 51| % F ResNet50 . MobileNet v1 %2
¥4, ResNet50 {9 45 A 2 % & 3£ K T MobileNet vl
ResNet il i K JZ W 4% 45 ¥4 45 45 0 = 55 AU P fE
MobileNet #5703 i % B 7] 43 29 5 AR R AR T AR i

55 ResNet YA L1, 203 (19 ResNet 45 #U fE B
F KRR A R AE 5 53R T 2.36.2.43
1.98 2.2 NE 4 a5, X Ui 2l 5 1Y ResNet #5281 AJ
DR v X 4 S JL O 1) TR, (B A i T
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Tt

BRI, B R 2 25 M AL e fb 24T o
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FETIN B 8] b A 38 22 8 25 5% ) 458 AU 7E S B Yy
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3 FHig
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g RS
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