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Design and Experiment of Non-destructive Testing and Grading
Device for Corn Seed Vigor

WANG Yali'® PENG Yankun'? ZHAO Xinlong'”* SHEN Liuyang'~

(1. College of Engineering, China Agricultural University, Beijing 100083, China
2. National R&D Center for Agro-processing Equipment, Beijing 100083, China)

Abstract; Based on near-infrared reflectance spectroscopy technology, a non-destructive testing and
grading device for corn seed vigor was developed, including single granulation device, conveying
pipeline, near-infrared spectroscopy acquisition system, control system and grading device, etc. The
seed granulation device consisted of an inclined turntable with holes and a fixed tray. The conveying pipe
was connected with the fixed tray, and the end of it was a spectrum collecting unit. The seeds were
separated by a single granulation device and then dropped into a spectral collection area through a
delivery pipe for spectral analysis and viability determination, and then the classified seeds were classified
by a classification device. The perforated disc was used for separating seeds, their working efficiency was
key for seed detection and grading efficiency. According to analysis, there were three factors that
determined the single granulation efficiency of the single granulation device: the tilt angle of the
turntable, and the turntable speed and height of the hole. In order to improve the single granulation
efficiency of corn seeds and improve the detection rate, the parameters analysis and optimization
experiments were carried out on the single granulation device. The results showed that when the tilt angle
of the turntable was 31°, the rotation speed was 0.5 1/s, and the height of the hole was 2.2 mm, the
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seed single granulation efficiency was optimal, and the single channel can reach 7 grains/s. In order to
establish a corn seed vigor detection model, based on the device, spectral data of 100 normal viable corn
seeds and 100 artificially aged non-viable corn seeds in the wavelength range of 980 ~ 1 700 nm were
collected, and the qualitative discriminant model of seed vigor were established by utilizing the PLS — DA
in different methods. When the number of principal factors was 5, the modeling comparison results under
several different processing modes showed that the modeling effect under SG — smooth preprocessing was
optimal. In the calibration concentration, there were one discriminant error of viable seeds and one
discriminant error of non-viable seeds, and the discriminant accuracy rate was 98. 7% . All the viable
seeds in the predicted concentration were correctly discriminated, and the non-viable seeds had two
judgment errors, the total discriminant accuracy was 96% . The stability and accuracy of the device were
tested by selecting 100 seeds. The total accuracy of seed vigor prediction was 97% . The results indicated
that the self-designed corn seed vigor particle-free non-destructive testing grading device had higher single
granulation efficiency and stable spectrum acquisition. It was feasible to perform real-time non-destructive

detection and grading of corn seeds.

Key words: corn seed; near-infrared spectroscopy; vigor; non-destructive detecting; grade
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Fig.2  Structure diagram of single granulation device
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Tab.1 Coding of factor
Yty — W%
FLEE A/mm  WURMEA B/(°)  BEEFE C/(res7h)
-1 2.2 28 0.3
0 2.7 31 0.4
1 3.2 34 0.5
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Tab.2 Response surface experiment design and results

B A/mm B/(°)  C/(rs7h) Y/(ChiesT!) Yy/%
1 2.7 31 0.4 6.2 0.8
2 3.2 34 0.4 7.0 1.4
3 2.2 31 0.5 7.0 0.4
4 2.7 31 0.4 6.4 0.9
5 2.7 31 0.4 6.2 0.8
6 3.2 31 0.5 8.5 1.8
7 2.2 34 0.4 5.6 0.2
8 2.7 34 0.5 6.1 0

9 2.7 31 0.4 6.7 1.0
10 2.2 28 0.4 6.6 0.8
11 2.7 28 0.3 5.4 1.4
12 2.7 31 0.4 6.1 0.6
13 2.7 28 0.5 7.4 0.8
14 3.2 31 0.3 5.5 2.0
15 3.2 28 0.4 7.4 2.0
16 2.7 34 0.3 5.1 1.0
17 2.2 31 0.3 4.9 0.8
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Tab.3 Analysis of variance of experiment result

Jr2 A HRIEECR Y, LRI Y,
KRB YiRE S OF P HiRE F P
B 9 1.46 12.97 0.0014 0.57 18.22 0.0005
A 1 231 206 0.0027 3.13 100.34 <0.000 1
1 1.13 10.03 0.0158 0.72 23.12 0.0019
C 1 8.2 73.09 <0.0001 0.6 19.4 0.0031
AB 1 0.09 0.80 0.4002 0 0 1
AC 1 0.2 1.80 0.2211 0.01 0.32 0.586
BC 1 0.25 223 0.1792 0.04 1.28 0.2944
A2 1 068 608 0.0431 0.56 18.01 0.0038
B 1 002 020 0.6704 0.03 0.98 0.3559
c? 1 026 230 0.1733 0.018 0.57 0.4744
EZ 7 0.11 0.031
3 0.19 3.26 0.1417 0.043 1.97 0.2607
W 4 0.057 0.022
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Tab.4 Verification test of single granulation effect

= HRALBCR Y,/ (Ries ™) BRERY,/ %
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Fig.4 Single granulation effect chart of test
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Fig.5 Physical diagram of sample spectrum acquisition
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Fig.6 Original spectral curves of corn seed samples
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Tab.5 Corn seed vigor detection results of PLS — DA

models with different pretreatments

g T —— &Lﬂt% - TM{J%
ik AT I BVERR IR ORI R
ik h/kn R/% Sisk Tk R/ %

X 5 74 73 98.0 25 23 96
SG—smooth 5 74 74 98.7 25 23 96
SNV 5 72 73 9.7 22 24 92
SG-SNV 5 72 74 973 22 23 90
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Fig.8 Prediction results of seed vigor model
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