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Development of an Automatic Testing System for Corn
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Ahstract: Currently, the mainly used methods for corn paremeters are maditional artifics] method and semi-automatic
method based on machine vision echnology, which resirict the efficiency of multiple date acquisition during
cort breeding, To solve this problem, an aulomaic testing svstem for com was developed. Tlus system s
consist of corn sar testing unit, automatic threshing unit, corn kernels testing unit, poast-processing unit and
system control umit, Corn ear testing unit cortains four cameras as well as a weighting sensor, which can
mizasure corn ear paramaters such as ear weight, ear length, ear width, ear row number, grains per row, barg
tip size, el ol automatically. Com kemnels testing unit measures corn kerngls parameters including kernel
color, kernel width, kernel length, kernel shape, kemnel number, et al based on computer vision technology
after kernels were spreading out by a vibrating mechamsm  Post-processing umit can 1ifi kemels to a fixed
height, packaping the kernels and print & label comtains com ear and corn kernel parameters. An industrial
control tablet combined with 170 module were chosen for the system control unif, receiving sensing
information and feedback to control the device. Results of experiment showed that the prototype ean realize
the whole testing process for com, includes ear parameters measuring, ear threshing, keme! parameters
measuring. kernel fifling, kernel pﬂi\agmg and label printing aulumaucalh The averaﬁt’: ‘elficiency ol the
prototype Wasup 10 4 ear/minufe, the average messurstient accuracy” fior ear lengfh aniil ear width 15 up to
9% 93%, and 97 71%, the average accurgey of hernel number 1s up to 99, 11%, which can improve  the
efficiency of corn breeding obviously

Wang Huihui, 2010; 1.8 Yongchun,2010). but only a
few have studied the design and realization of the
automatc tesung  sysem. Wang et al(20135)
develﬂptd a maize kemel Uail extraction system o
realize the measurement of total kemnel number, long
and short axes, and length-width ratio through a line-

1 INTRODUCTION

Corn breedmg affects the guality and vield of com.
Therefore.  measurements  of  comn  parameters
determine  directly  the quality  evaluation and
selection of breeding materials (LIU Guanyi, 2013,

These parametcrs include car weight, length, and
thickness: ear row number; row kemzl grain number;
and corn kernel number, length, width type. color,
moisture, and volume weight (Cao Jinghua, 20113,
Parameters that measure efficiency and accuracy are
key Tactors restricting breeding efficiency.

With the development of information technology.
maching vision and digital image processing
technologies have been used in the detection and
classification of agricultural prodnects on a large scale
(WANG Qiag, 2017; Nayask R K, 2015
C Izathinathane. 2009, Cao Weishi, 2012). An
increasing number of scholars have studied the
parameter extraction method of corn ears or com
kernels (Liu Chaneqing. 2014: Ma Qin, 2012; Wang
Chuanyu, 2013; Zhang Fan, 201 3; Zhou Jinhui, 2015;

460
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scan camera, The average measured efficiency of the
system is 12 5 per ear. Xiav et al. (2015) designed an
automatic asscmbly line orgamzation (o measure cormn
paramelers and performed virtual modeling and
simulation to discuss the feasibility of the assemhbly
line processing for com ear measuring. Wu et al.
(2016) designed an sulomatic corn ear lesting sysiem
to realize the autpmatic corn ear feeding, sorting,
image collection and  analysis  and automatic
weighing,

Existing corn testing devices and methods
measure corn ears and kernels separately rather than
simultaneously, thereby slowing down the process of
testing a large amount of breeding materials. The
high-throughput avtomatic com measuring device
designed in the study realizes the  rapid,
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This study designed an automatic sorting system that can separate haploid maize kernels from
cross-breeding kernels that are marked with the Navajo label. This system comprises the seed
feeding, image acquisition, sorting and system control units. The seed feeding unit distributes
the maize kernels over the synchronous belt. The image acquisition unit acquires the images of
maize kernels, as well as distinguishes the heterozygous from haploid kernels based on the color
feature of the endosperm. The sorting unit contains mechanical arms and solenoid valves that
can select the heterozygote kernels using air suction. Lastly, the system control unit is com-
patible with other units. Four maize varieties, namely, 958-CAU, 1050-37, LC0990-LN75 and
LC0995-CAU, were provided by China Agricultural University, National Maize Improvement
Center. These varieties were selected for the experiments conducted. The successful unloading
rates of the system are 85.56%, 91.39%, 87.22% and 86.39%, respectively. (R+G)x|G-B|/B was
employed to distinguish the pigmented endosperm area. The accuracy rates of identification for
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Design and Experiment of Maize Kernel Traits Acquisition Device

SONG Peng'?  ZHANG Han'®  WANG Cheng'> LUO Bin"?> ZHAO Yong'?> PAN Dayu'’

(1. Beijing Research Center of Intelligent Equipment for Agriculture, Beijing 100097, China
2. National Research Center of Intelligent Equipment for Agriculture, Beijing 100097, China
3. Key Laboratory of Agri-informatics, Ministry of Agriculture, Beijing 100097, China)

Abstract: In the process of automatic maize kernel trait extraction, the parameters of maize kernel can be
oblained by machine vision. In the process ol machine vision analysis, the accumulation of maize grain
affects the extraction of kernel parameters. A method of obtaining information of corn kernel and cyclotron
vibration platform was designed. Through the analysis of the stress distribution of accumulation seed
cyclotron motion process, the vibration platform swing speed was determined, and the grain accumulation
was reduced. Through the vibration kernel accumulation was reduced first, and then maize kernel image
was obtained. In the image processing and analysis stage, image of maize kernels was segmented. To
solve the segmentation problem of maize kernels, an improved watershed algorithm was proposed. After
watershed segmentation, the D-value between the minimum watershed value and the minimum value of
the pixel points between adjacent segmentation region were calculated, and then the D-value was
compared with T. If the D-value was less than T, the adjacent segmentation region was merged.
Segmentation made each maize kernel be a region. The number of maize grains corresponded to the
number of regions. After the segmentation was completed, minimum external rectangle of single seed was
established by improved Graham scanning method. The length and width of the minimum external
rectangle corresponded to the length and width of the kernel. Verification experiments were carried out on
the corn seed metering device. The final test results showed that the correct rate of segmentation method
proposed on maize grain reached above 98.05% and the determination correlation coefficient between
algorithm and manual measured values was above 0.97. The system can realize rapid acquisition of
relevant information of maize kernel, and achieve the expected performance index as well as meet
practical demands.

Key words: maize kernel ; automatic seeds test; machine vision; adhesion segmentation; cyclotron vibration
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Detection of rice seed vigor by low-field nuclear magnetic resonance

Ping Song'*3, Peng Song*?, Hongwei Yang?, Tao Yang'’, Jing Xu?, Kaitian Wang®
(1.College of Information and Electrical Engineering, Shenyang Agricultural University, Shenyang 110866, China;
2. Beijing Research Center for Information Technology in Agriculture, Beijing 10097, China,

3. National Research Center of Intelligent Equipment for Agriculture, Beijing 10097, China)

Abstract: A new method to predict the seed vigor of rice was developed to control adulteration during the seed trading process
and to address the deficiencies of traditional manual detection methods. Low-field nuclear magnetic resonance (LF-NMR)
technique was used to detect the vigor of rice seeds. Four varieties (Beijing-1, Qianchonglang-2, Yanfeng-47 and
Shennong-265) of rice seeds from the Rice Research Institute of Shenyang Agricultural University were chosen for the
The transverse relaxation time 75, Ty, and T, were observed in the experiment. The peak start time of free
water (transverse relaxation time 75;), signal amplitude of bound water (transverse relaxation time 75;), and moisture content
decreased with the decrease in the vigor of the seeds. There were no obvious trends observed for the top of the peak and the
end point of the transverse relaxation time 75,. In addition, the start, top, and end time of the peak (transverse relaxation time

experiment.

195

T»1), and the signal amplitude of bound water showed no consistent changes.

The results indicated that LF-NMR could be

used as a method to distinguish the vigor of rice seeds rapidly. This study provided theoretical basis and technical support for

the rapid detecting of rice seed vigor.

Keywords: nondestructive detection, nuclear magnetic resonance, transverse relaxation time, signal amplitude, rice, seeds vigor
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1 Introduction

Seed vigor is an indicator of the integrative performance of the
seed during the period of germination and emergence of the
seedling. It is the potential ability of the seeds to grow quickly
and develop into seedlings under the sowing conditions!'?!. Rice
is one of the main food crops, and the vigor level of the rice seed
directly affects the seedling, which has an important influence on
the yield of grain crops™™. Adulteration was hard to detect and
the fake seeds has the lower vigor, adulteration will result in heavy
losses for famers. The main methods used for the detection of
seed vigor are the direct method and the indirect method. The
former is observed by simulating adverse conditions in the field to
influence the speed of seedling growth, and the latter involves
measuring some factors that are associated with seed vigor, such as
physiological or biochemical indexes of the physical properties that
indirectly determinate the seed vigor™. The ISTA handbook
(ISTA procedure, third edition, 1995) for the determination of seed
vigor recommends seven kinds of seed vigor testing methods,
which use conductivity and accelerated aging as the measurement
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techniques. These detection methods have the advantage of being
intuitive, but they have the disadvantages of manual operation, long
operation time, subjective factors, extensive workload, and low
efficiency”. With the development of nondestructive testing
technology, agricultural experts have increasingly performed
various researches and achieved some remarkable results for seed
vigor detection®™'.  Kandpal et al!"! used Near-infrared
hyperspectral imaging system predict viability and vigor of
muskmelon seeds. Marchi et al.'® used software of seed vigor
imaging system assess vigor of carrot seeds. Cheng et al."'” used
the electronic nose to detect the germination rate of adulterated
tomato seeds. The sampling results were classified and analyzed
by back-propagation neural network. Zhu et al. '®! analyzed the
hardness characteristics of three varieties of soybean and cassia
seeds by using near-infrared spectroscopy and established a
qualitative analysis model. Wen et al.l'! used electrospray
extraction and ionization mass spectrometry to realize the
determination of the seed vigor of soybean from different water
extracts of soybean. Deng et al?” used computer imaging
technology to determine the length and growth rate of the seedlings
of Chinese fir and Masson’ pine and evaluate the seed vigor.
However, the study of rice seed vigor using low-field nuclear
magnetic resonance (LF-NMR) technique has not yet been reported.
This research uses LF-NMR technology to overcome the
disadvantages of the above studies, which are low efficiency and
dependence on artificial detection techniques such as electrical
conductivity measurement and accelerated aging test. Rice seeds
were used as the research object, and LF-NMR technology was
used to detect the vigor of the rice seeds. The new method can
quantitatively predict seed vigor and provides theoretical basis and
technical support for the nondestructive testing of seed vigor.
This research has high practicability and broad application
prospect.
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Rapid determination of soluble protein content for soybean leaves

based on near infrared spectroscopy

Zhang Yakun??, Luo Bin*?, Song Peng®?, Pan Dayu®?, Lu Wenchao?>,

Zhou Yanan*?, Wang Cheng*?, Zhao Chunjiang’***
(1. School of Electrical and Information, Northeast Agricultural University, Harbin 150030, China;

2. Beijing Research Center of Intelligent Equipment for Agriculture, Beijing 100097, China;
3. National Research Center of Intelligent Equipment for Agriculture, Beijing 100097, China)

Abstract: Soluble protein is an important indicator for the research of plant physiochemical and resistance physiology. Rapid,
accurate and non-destructive detection of soluble protein content in crops is critical for dynamic monitoring of growth state and
selecting varieties with strong resistance. 2 soybean varieties, Qihuang35 and Zhonghuangl3, were planted and treated with
different copper and salt stresses. The near infrared spectra of stressed soybean leaves were obtained by the AOTF (acousto-optic
tunable filter) near infrared spectrometer. The soluble protein contents of soybean leaves were measured by coomassie brilliant
blue method. Chemometric methods were applied to build multivariate calibration models for the rapid and nondestructive
determination of soluble protein content in soybean leaves based on near infrared spectra. Several partial least squares (PLS)
models with different preprocessing methods like Savitzky-Golay smoothing (SG), first derivative (1-Der), second derivative
(2-Der), standard variable normalization (SNV) and multiplicative scatter correction (MSC) were developed and compared. Then
successive projections algorithm (SPA), random frog (RF) and genetic algorithm (GA) were employed to select effective
wavelengths with spectral data preprocessed by SG. 11, 10 and 43 of effective wavelengths were selected by SPA, RF and GA
respectively. These selected effective wavelengths were used as the inputs of partial least squares (PLS) to develop SPA-PLS,
RF-PLS and GA-PLS models. Results showed that the best prediction results for the determination of soluble protein content were
achieved by SPA-PLS model using SG spectra with prediction determination coefficient (Rzp) of 0.746, root mean squares error of
prediction (RMSEP) of 1.894 mg/g and ratio of prediction to deviation (RPD) of 2.061. The overall results indicated that a strong
correlation was existed between near infrared spectra and soluble protein content, and near infrared spectroscopy technology
combined with SPA-PLS models was a feasible method for the rapid and nondestructive detection of soluble protein content in
soybean leaves. This study provides an effective approach for dynamic monitoring of soybean growth state and fast selecting
soybean varieties with strong resistance.

Keywords: near infrared spectroscopy; soybean leaves; soluble protein content; successive projections algorithm (SPA); partial
least squares (PLS)
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0 Introduction

Soybean [Glycine max(L.) Merr.] is the major oil crop.
It is the main source of protein and fats for humans
worldwide. Salinization and heavy metal pollution of soil
have become an important problem limiting agriculture
productivity worldwide. Thus, selecting soybean varieties
with better resistance for salt and heavy mental is of great
significance for agriculture productivity. Physiological
indexes, such as photosynthetic pigments content, proline
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content, soluble sugar content, soluble protein content and
antioxidant enzyme activity, can be used to reflect the
growth state, function mechanism and metabolic path under
stress conditions of plants. These indexes can further
provide the basis for selecting varieties with strong
resistance!' .

Soluble protein is an important plant indicators for
physiological and biochemical. It is considered to be the first
nitrogenous compound affected by stress conditions!],
Soluble protein plays an vital role in osmotic adjustment in
plants. It has a stabilizing effect on the cell membrane and
protoplasm colloid. Numerous studies have shown that
soluble protein content is closely associated with plant
resistance to stresses, such as droughtm, freezing[4], heat™,
salt!®, heavy metal”), etc. The continuous measurement of
soluble protein content could be used for selecting soybean

varieties with strong resistance*”. Coomassie brilliant blue
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