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Spectroscopy and Spectral Analysis
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1. Computer; 2 Light source;

Spectrum acquisition system

3: Maya2000Pro fiber optic spectrometer;

4. Fiber optic probe; 5: Duck eggs; 6: Dark box
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Final number of selected variables: 11 (RMSE = 0.39976)
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Fig. 7 Pre-incubation duck egg network structure
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Table 2 Network parameters of duck eggs before hatching
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4 X4 X384 FC - -

9 _ _ _
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Je s A ReLU #1 LRN #24E J5 45 R TR 4 X4 X 384
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Fig. 8 Trend of loss function
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Table 3 Model test results
SPA CARS
5 g WAE BuEsgE  INgE g BiEE
MEE OEE MR OEGE ORI

/% /% /% /% /% /%
CNN  97.71  97.41  98.29  97.42  97.41  97.44

3 45 ®©
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TR0 328G 15 8 TC A I 42 A 8 3 0F 5 40 A gk A3 a0 R
it

(1) 38 3o o 7 0 26 9082 Ak O 3515 8 0 20 B, Rk B R AE
A A5 3R B 4 A AR T L3 AT A1 i BE (400 ~1 000 nm) {5 [
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Non-Destructive Testing of Fertilization Information of Pre-Incubation
Duck Eggs Based on Convolutional Neural Network and Spectral Features
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Abstract China is a big country for the production and consumption of duck eggs and duck meat. For this reason, a large
number of ducklings need to be hatched each year to meet production needs. Since the Infertile egg cannot hatch the duckling
during the hatching process, it can be avoided by eliminating it as early as possible. At present, it is necessary to carry out
artificial photographing eggs in the country for about 7 days after hatching, so that the infertile eggs can be removed. For the
low-efficiency and elimination of artificial eggs, there is no edible value problem. In this paper, the duck eggs before hatching
were taken as research objects, and the visible/near-infrared transmission spectroscopy combined with the convolutional neural
network was used to realize the duck eggs before hatching Non-destructive identification of fertilization information. The method
preprocesses the acquired 400 ~1 000 nm raw spectral information (removing the noise band and Savitzky-Golay convolution
smoothing) to eliminate noise and extraneous information. and applies the competitive adaptive re-weighting algorithm (CARS)
and continuous projection algorithm (SPA) to select the characteristic wavelengths, and converts the selected characteristic
wavelengths into spectral two-dimensional information matrix. The spectral two-dimensional information matrix can not only
represent the effective information of the characteristic spectrum, but also can transmit the spectral information to the neural
network for training. For the characteristics of spectral data, the network is too deep to cause over-fitting of the model, and the
shallow network will cause under-fitting of the model. A four-layer convolutional neural network (CNN) is built to train the
spectral information, including three convolutional layers and one fully-connected layer. The convolutional layer is used to
extract the spectral two — dimensional information matrix automatically. Effective information, the fully connected layer is
integrated for the output layer by integrating the local features extracted by the convolutional layer. In addition, the introduction
of local corresponding normalization layer. pooling layer and dropout in the convolutional neural network can accelerate the con-
vergence speed of the network and prevent model overfitting. The accuracy of the model training set established by the SPA
extracted feature wavelength is 97. 71% , the test set accuracy rate is 97. 41% , and the verification set accuracy rate is 98. 29%.
The model training set accuracy rate established by CARS extraction is 97.42%, the test set accuracy rate 97.41%, the

verification set accuracy rate is 97.44% . the traditional machine learning model test set established using the characteristic
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wavelengths extracted by SPA and CARS has a precision of only 87.39%. The results show that the combination of deep
learning and spectroscopy can realize the non-destructive identification of the fertilization information of duck eggs before
hatching, which can provide efficient, non-destructive and rapid model support for the subsequent development of dynamic online

detection equipment.

Keywords Pre-incubation duck eggs; Fertilization; Convolutional neural network; Nondestructive testing; Visible/near infrared

spectroscopy

(Received Oct. 29, 2019; accepted Mar. 11, 2020)

* Corresponding author

3R A I KA 3R 31T )% RIBFYE I E

(RIEZERESAI2021FEEITESE
B K MR A . 82-68 [ 4h % 4T KD . M90S

Oz 56140 ) 1981 441 7], E NS — %5 CN 11-2200/04, [ B 45 fE )45 . ISSN 1000~
0593, CODEN #%: GYGFED. EWA/MAFFEFT, K16 FFA, 33250, H Tl 2T EEHBEE. BEDEF
oI, WM S, P EBEEBE MR T R R REILRIRI N EARE R . JET R
AR, BB 95 90, &4 1140 o6, PP EE N WORIEE . a4, i, K4, AT
i RS . WBOEEE . X R YOOGIE . BOERHOEIE . Stk eE ot B N ANGIE 1k A 4 A 4k
W BT IR . JFRIPERF SRR 30, FRE R SR AT HY F B ke . LR 1Pk . MR, e, 47
R,

Ok = 56500 EHTHha. . YUk, BRERY . BEB . K3, B2, R®Rk, b# . w
Ko 45 45 SR B BL2E E ST AL . R AR RS . il K. MWNFORIE S 5T RN B R R
Ui, EHELTES.

Olrlk2E 506350 tr) AREEH A AR =001, P EBHMEF BB R, o BRI SR Al
P mEHE AR, P EBEGE SCE I E T, R ERN RS SRR b E YRS, E 2R R )
SCH%” . TR E P AR CJCR, CNKI, CSCD, SCI, AA, CA, Ei, AJ, P), MEDLINE, Scopus 2 it
USSR o AR A h E R B G BRI ki (5 5, T ERHE I 22 m . 51 S0 KR A TF A
gy 6125615 BB AL UG E N AN R AE OB 56150 R E (A &E
ST W 20170260 5

OEIE#565E 08 ) B E 9 N S bt

WG &% P R e E A MERITE . AARITETEES Ot 5000 WMRktKR.

R MAE : bt iV i X2 Berg i 76 5 (M b)) »

OB 5638 2 0r) 01+

HE L 4 . 100081

BEARHLE: 010-62181070, 62182998

{548 : chngpxygpfx@vip. sina. com

& ks & R4S : g@p2008@vip. sina. com

[ Bik: http://www. gpxygpfx. com






