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Fig. 1 Near-infrared transmission spectrum acquisition system
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Fig. 2 Near-infrared transmission spectra of

healthy and watercore apples
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Table 1 Recognition rate of apple type with multiple preprocessing and multiple pattern recognition under full spectra
BD MD QDA KNN
Calibration Prediction Calibration Prediction Calibration Prediction Calibration Prediction
set set set set set set set set
accuracy accuracy accuracy accuracy accuracy accuracy accuracy accuracy
/% /% /% /% /% /% /% /%
SNVT 83.9 72.7 75.9 70.9 76.5 69.0 87.0 72.7
MSC 85.1 80.0 82.7 87.2 83.3 87.2 93.2 87.2
2nd derivative 84.5 76.3 82.7 85.4 81.4 81.8 84.5 85.4
Normalization 83.9 72.7 79. 6 81.8 81. 4 81.8 88. 8 85. 4
SG 83.9 72.7 82.0 83.6 82.0 83.6 86. 4 85.4
MC 84.5 85.4 82.0 83.6 82.0 83.6 85.1 83.6
1st derivative 85.1 74.5 82.7 87.2 83.9 85.4 85.1 81.8
MA 85.1 72.7 82.0 83. 6 82.0 83. 6 86. 4 87.2
Original 83.9 72.7 82.0 83.6 82.0 83.6 83.9 85.4
DDFD 81.4 74.5 82.7 81.8 85.1 85.4 83.9 83.6
DDSD 85.1 76.3 82.7 83.6 83.3 85.4 85.8 83.6
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Fig. 3 3D visualization of dimension reduction under various manifold learning methods

ZME 3 4y Hrah R, T EC IR & 0 3 4 B R dnc p BB SRy
MSC-Diffusion Maps-MD, £ 1 £ 55 0 il £ 12 51 2R 43 51 hy
91.3% 5 90.9% ., X 5B 3 LMY kB A G
17 3D A RRAL R 45 SRy 4. K il A8 vk 7 v P i LB T

MSC-Landmark Isomap-KNN, £ IE&E R FR N 97.5%, i
AR 96. 300 . FE R M F M 3 M 0 ik F . IR OLA AR N
MSC-t-SNE-QDA, # 1F 48 55 1 I 42 39 5 26 7 1 35 531 2% 45 51
HF95% 5 90. 9%, f1F 2 FW 3K, SNE, SymSNE I i



%8 St 5 ik b 2419
R2 SHREFIBEREFZEGSMEXIRMNTEZERMERLRIRAMNE
Table 2 Recognition rate of apple type with multiple manifold learning dimension
reducing algorithm and multiple pattern recognition
MD KNN(K=5) QDA

number Calibration  Prediction number Calibration  Prediction number Calibration  Prediction
of set set of set set of set set

principal accuracy accuracy principal accuracy accuracy principal accuracy accuracy
component /% /% component /% /% component /% /%
PCA 10 93.8 85. 4 16 94. 4 92.7 17 93.2 85. 4
Prob PCA 14 83.3 85.4 13 93.2 92.7 19 90. 7 83.6
Diffusion Maps 18 91.3 90.9 19 97.5 90.9 15 90.1 89.0
SNE 13 83.3 74.5 19 90. 1 83. 6 14 82.7 81. 8
SymSNE 7 68.5 65. 4 12 73.4 65. 4 8 71. 6 65. 4
-SNE 13 81.4 80. 0 19 97.5 90. 9 18 95.0 90. 9
LE 16 88.2 89.0 13 94. 4 92.7 13 88.2 89.0
LLE 16 82.0 87.2 17 90. 7 87.2 16 88.8 85.4
LDA 15 83.3 85.4 14 94. 4 92.7 13 90. 7 83.6
Isomap 17 90. 1 90.9 11 97.5 92.7 13 93.2 85.4
Landmark Isomap 19 91.3 87.2 12 97.5 96. 3 19 91.3 87.2
MDS 10 93.8 85. 4 16 94. 4 92.7 17 93.2 85. 4
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Watercore Identification of Xinjiang Fuji Apple Based on Manifold
Learning Algorithm and Near Infrared Transmission Spectroscopy

sUO Jun-xian' . MA Yong-jie' , GUO Zhi-ming®, HUANG Hua’, SHI Yong' . ZHOU Jun'

1. College of Mechanical and Electronic Engineering, Xinjiang Agricultural University, Urumqi 830052, China
2. College of Food and Biological Engineering, Jiangsu University, Zhenjiang 212013, China

3. College of Mathematics and Physics, Xinjiang Agricultural University, Urumqgi 830052, China

Abstract Apple watercore occurs in many major apple producing areas, while there is no suitable way to sort apple type with
watercore quickly. This research applies near infrared transmission spectroscopy, chemometric methods and manifold learning
algorithm, selecting Xinjiang Red Fuji apple and watercore disease ones as samples, collecting near infrared transmission spec-
trum within 590 to 1 250 nm, spectroscopically corrected spectrum is used to do ten more speciesof spectral pretreatment.
Firstly, full-wavelength pattern recognition is performed on the pre-processed spectral data to find out that multivariate scatter-
ing correction is the best pretreatment method. Then dataset preprocessed by multivariate scattering correction is used to make
dimension reduction by using many other manifold learning algorithms such as Multidimensional Scaling., Stochastic Neighbor
Embedding, Symmetric Stochastic Neighbor Embedding, t-Distributed Stochastic Neighbor Embedding, Laplacian Eigenmaps,
Isomap, Landmark Isomap, Locally Linear Embedding, Diffusion Maps, combining Mahalanobis distance discrimination, quad-
ratic discriminant analysis, K-nearest neighbor method to identify if watercore exist or not. Results indicate that an optimal iden-
tification model is obtained by using MSC-Landmark Isomap-KNN when principal components equal to twelve, and the identifica-
tion rates for the calibration set and prediction set are 97. 5% and 96. 3% respectively. Hence, manifold learning algorithm and
near infrared transmission spectroscopy technology can successfully realize the watercore identification of Xinjiang Red Fuji

apple, which provides a theoretical basis for developing identification device in further research.
Keywords Apple watercore disease; Near infrared spectroscopy; Chemometrics; Manifold learning; Pattern recognition
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