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USA)
’T, % ) 22 R ;% -
1 ] s e &T?H BKEAT RN 50 W, M 4 F5
E9S|
ALY HyperScanner V2, H T R84

NIR & 6% 14 2 0% 45 W R R SF o 288 X512 X640
GRBBXB R X} BE K. fEAIZEI R PR 60 AF—4F

s 748 4
ol =0, 008

o’ s e ,,
¢V et 07 Nygqglevsiu
~ TP eyt b 0 g st
HERER

Sample information

AN BE 2 o HEAT HRAE 08 45 5 AR 4R I, X8 S [R) 46 403 A b 2 47
PR TG AR 2 A AR A7 bl o R R TR b 3 A AR R
AL A5 5

1 SEgewkay

L1 #r#

S 58 i DR T 80 T TR AR ST T 2016 4F—2019 4F
PUAE RO BTG 71 SRR AR B4 ARG AR R4S 360 ki, SRR
L4400y T B 5. A0 WL TC W W 22 S A ORR b ORE AL RE L 0
K1 BiR

"’-'_'_”l[li’p.'?'f"‘;
fl '(","’ , ri " ’}'»4,‘
20N oy 5 %0 00 L sippit
0 Y o o7 Py R

s o &

3 B AR B BB AE R A T AR BT IR SOC SR A Y BE B
79 em, AR BEHRE B P BT A AEA . HSLR&EJG R
PO Jsth HST AT R ES

I

Ie=357

= (D
X, I RAIEE A, T X s E g, I, 2 K6
(5076 A 5000 [ @45 S % ER (] SOC #2469 IR 1
ZERE .
1.3 HiEmALE

FBB O B PATE Y R AE S WA, R SG P
T U O 2 % P GG A T A B (/N 6X5 X5, I i AL
D93>, LAY/ BE ML R S . A 1 B A 4R TRk AR A Y
HSI. 58P S 53 . A SOC 345 #1100 nm 5 B
B AR OR T AL . Se it i A BRI B B A AR AR . AR A
A bR AN HST o 2 3 A BORLAR A i T R, I B2 I 5 Y
DG . GRS R 2 R .
1.4 HHEER
.41 #HEhA

2 45 [n] I (logistic regression, LR){EHL#S 5 > F155 1140
BOR R R 2 — W] RLSRAS KA S A R
X T LR A, 58 Ao o) A% 48 280 vk 08 5 3 1 OE U Ak 2 4
5 R B AL B A E AL R C R AR RS, IE AL 280
PEFE L2, FUJC sRBOIL A0 55 1 A0 IE I Ak R 8 C iR S8 18 43
5l A {newton-cg, lbfgs, liblinear, sag}fll 10 °-50,
1.4.2 AR =I5 547

i B /Iy — 3 32 H] 51 0 B (partial least squares discrimi-
nant analysis, PLS-DA), Jj& £ A8 S 50408 43 B b 1 9 4050 43
Wi, SR RSB 22— PLS-DA H A7 B S 5
R RERE AL I B H D AT LA s i R) 22 A M 7 AR
BISE W AR . FEARSIEG . X T PLS-DA R, il 1 [ 4% 48



%12 M2 561 43 B 3859
#]
0.8 -
[ »
n 0.7
sV e pe s\ = o] 0.6
P ” o/
4 ¢ 4] 3 051
® 2o e®" o s N g
- 00A4_
0 s o ol RS ) m—
v 0.3+
V7 N 1Y . n o
‘'eVar?s g a '
) 0.14
u 0.0 T T T T 1
! 800 1000 1200 1400 1600 1 800

Original data

Single grain seeds

Wavelength/nm

Average spectra

2 REREULE
Fig. 2 Extraction process of spectra

RS IE 1 F B B R A R 3 A Bt 1
WAL 2~20.
143 Z#EH&EZM

7+ 18] 7 ML (support vector machine, SVM) & & F i 425
BER, ) BT RE VA AT, HZ A RE s, Bk
AL 1 R AR BR324 . AE ik, X SVM LT, j@
I PR RIS IS A R AL IENIAL R C R R By

RNN
(hidden_size=110)

tanh

Full
(input_size=28)
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Sggh, SRICT PCA-loading 77 2 42 URFAE i Bt
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Fig. 8 Charaeteristic wavelength selection
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2.4 EEBITH5ERSW

LT N R RAL, ARG LA ) ik LR,
PLS-DA f1 SVM, 23 /73 RNN, LSTM il CNN, 3k
TE T A R ST, e IR 3 A 00 B0 A 2 R R Y
BOAEAE R iy A BCHE . Bl B9 python REAS A 3.7.0, fli
scikit-learn0. 2. 1 ## LR, PLS-DA fil SVM i #I, {#i F py-
torchl. 5. 0 ## CNN, RNN F1 LSTM # %1, 4 8 jy 2k 48 %
BB S 200 R ANTFPOR ] Y 43 SRR A 43 S8 A5 Rk 3
FioR .

x3 FTEBRBENER

Table 3 Identification results of different models
oSN FRAE S
I WuEsgE WlE IISGE BiuEg  WidsE

LR 0.967 4 0.9790 0.9627 0.9313 0.9301 0.9356
PLS-DA  0.9907 1.0000 0.9898 0.987 2 0.9930 0.9729
SVM 0.996 5 0.986 0 0.993 2 0.9884 0.979 0 0.983 0
RNN 0.967 4 0.9615 0.9695 0.956 9 0.954 5 0.952 5
LSTM  0.9802 0.9685 0.976 3 0.966 2 0.9650 0.942 4
CNN .0000 1.0000 1.0000 1.0000 0.986 0 0.996 6
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TEZR 3, AT AR AN Y 406 1 T 200 6 RS B . oS A
BRI EA RAFAIVERE . IIZRAR © 30 TiE 42 R0 D 32X 4 109 40 25 Mk 1
R 962, SVM FI CNN £ R f4 45 5 32 . 39 8 5
99%, 1 LR, PLS-DA, RNN Fl LSTM # % it 45 5 A % 45
k. LRBERER A L2 36 200E 40 2k el 8, AL S 40(C, sol-
ver) Z R M K (48. 7. Ibfgs), H7E Il 2 8 . B i 4 ik 4
WA R R AR T 96 %0, 7E PLS-DA BRI, R 8 1Y £
SR T A, HAE VNGRS L 0 TE A AN R AR R S o R
Bk 9800, XFF SVM AL, g AR S 4 (kernel, gam-
ma, O)Z M N (rbf, 3.2, 20. 4), YL, BiiF 4 it 4
143 K UERR Rt 98% . % T RNN, LSTM #il CNN =4
BREE# B, CNN W3R R =D B &b 1y
k%] 100% , Tii RNN FI LSTM {{ik 3] 96% ., . ar I, 78
A IR A OGS R B, CNIN A% T H A 1% B 2 > 1570 45 5 47
(B, PLSDA il SVM M4 F LR A E4F (9 FE I .

of AR PR I R AE O 3 A . N R AR R (1 o O R R R
[ P Y B AIG o (BT A AT i PR R . SVML R CNIN BT 11
SRR, MR RE BE M T 9896, HIAR T Aot i B . K
JEREAR 1%, PLS-DA fE ARG B BEAL 2%, RNN RS EEFRAL T
1% . LSTM KGREE AR 200, fH IR FETE 94% DL b, {H )2
LR A5 1) 43 K5 BE AN 93 % » K BE FRAIG 4 06 7 FRAE 3% 4K
PRI, LR BIAR A L2 JuxX1E Bk s g, BEALS 5
(C., solver) Y8k (48. 1, newton-cg); PLS-DA Hi# % i
s PRE 15 A FE W3 X T SVM BLRL, i A8 8 2 5 (ker-
nel, gamma, C) & ¥4 it i (rbf, 22.0, 24.4), %} F RNN,
LSTM Hl CNN = A~ 2= J B, CNN B 40 20K B & i
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Combine Hyperspectral Imaging and Machine Learning to Identify the
Age of Cotton Seeds
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2. The Key Laboratory of Oasis Eco-Agriculture, Xinjiang Production and Construction Corps, Shihezi
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1. College of Information Science and Technology, Shihezi University, Shihezi
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3. College of Agriculture, Shihezi University, Shihezi
Abstract At present, the technology of precision cotton seeding has been promoted comprehensively in Xinjiang Corps, which
can accurately achieve the agronomic technical standards of one grain per hole, but it also sets higher demands for the screening
of high-quality cotton seeds. To avoid the decrease of germination rate caused by the cotton seeds with lack of vitality in previous
years, machine learning and near-infrared (NIR) hyperspectral imaging (HSI) technology can be used to identify cotton seed
years with high precision and to screen cotton seeds quickly and nondestructively. A total of 1 440 cotton seeds with no difference
in appearance were collected in 2016, 2017, 2018, and 2019, and 360 seeds per year (According to 3 : 1 1, it is divided into
the training set, validation set, and test set. ) as samples. Hyperspectral images of cotton seeds in the range of 915~1 698 nm
were collected according to each batch of 60 seeds, and average spectra (1 002~1 602 nm) for removing obvious noise at the

beginning and the end were extracted as the raw data. SavitzkyGolay (SG) smoothing algorithm was used to preprocess the

spectra. The principal component analysis loading (PCA-loading) method was used to select 13 effective wavelengths. Six
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classification models, including logistic regression (LLR), partial least squares discriminant analysis (PLS-DA), support vector
machine (SVM), recurrent neural network (RNN), long-short memory network (LSTM), and convolution neural network
(CNN), were established based on full spectra and effective wavelengths. When using full spectra to build models, the
identification accuracy of the six classification models on the test set was 96. 27 %, 98.98%, 99.32%, 96.95%, 97.63%, and
100% , respectively, among which CNN and SVM models had achieved good results. When using effective wavelengths to build
models, the identification accuracy of the six classification models on the test set was 93.56%, 97.29%, 98.30%, 95.25%,
94.24% , and 99. 66% . respectively, among which CNN and SVM models still had excellent classification results. The results
showed that the six classification models could achieve high precision cotton seed years identification when the full spectra were
used, and the identification accuracy of CNN and SVM models was still up to 98% when the effective wavelengths were used.
The deep learning methods are generally better than the traditional machine learning methods, but traditional machine learning
methods can still maintain good identification accuracy. Therefore, the combination of near-infrared hyperspectral imaging
technology and machine learning methods can achieve high-precision identification of cotton seed years. It provides theories

foundation and methods for selecting high-quality cotton seeds in the process of precision sowing.

Keywords Hyperspectral imaging; Cotton seed year-identification; Convolution neural network; Machine learning
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