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Abstract — In this paper a new machine vision method is proposed to realize selection of soybean. After collecting soybean image 
during test and conducting background segmentation, parameters of soybean of each channel are extracted under RGB, HIS and 
YCbCr colored model. Then statistical methods are used to extract boundary and features of soybean region. Back Propagation 
(BP) neural network algorithm was used to train and test on data in order to find the optimal description channel and selection 
feature. A selection device was designed to realize selection algorithm on DaVinci platform, and dual-core processor and multi-
thread approach are used to realize selection and screening of soybean. Four varieties of soybean (Dongnong 42, Dongnong 89836, 
Dongnong L13 and Dongnong 44) of 2000 grains each were taken as test samples to retest the device. The precision of selection and 
screening can reach 95%. 
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I. INTRODUCTION 

Selection and screening of soybean is an important link 
in processing soybean. At present, manual work and 
mechanical principle are widely used in domestic selection 
and screening of soybean, which are featured by high cost, 
great labor intensity and low efficiency and precision[1]. In 
recent years, with deeper research on machine vision 
technology, the machine vision is more and more widely 
applied in recognition and detection of agricultural products 
[2~3]. Wang Maohua el put forward an approach to 
recognize pineapple fruits in farmland on basis of monocular 
vision, which aimed at green pineapple in farmland with 
complex environment and used image processing techniques 
and mathematical morphological method to recognize 
pineapple fruit eye [4]. Chen Hong el raised a quality sorting 
method of lentinus edodes based on texture analysis [5]; 
Cheng Hong el proposed an embryo detection method of 
multiple corn kernels based on machine vision, which 
utilized threshold segmentation and morphological method 
to test corn kernels  [6]; Chen Yanjun el put forward a 
maximum apple cross-section diameter selection approach 
based on machine vision [7]; Shveta Mahajan el used CCD 
camera to collect image of soybeans and further evaluate 
their quality [8]. All above researches have obtained good 
results, however, most devices applies the machine vision 
system based on PC with a high cost and bad applicability. 
Therefore, they are not easy to popularize.   

Wang Runtao el proposed a soybean selection technique 
based on machine vision [9], which took normal soybean, 
grey-spot soybean, mildewed soybean and insect damaged 
soybean as object of study. Though it uses smart camera that 
can work independently without PC to obtain the image of 
analyzed soybean, the image processing algorithm is too 
complicated and the way of triggering by photoelectrical 
sensor is too inefficient to satisfy actual need of production.  

In this paper, an approach of soybean vision selection is 
proposed to extract feature of soybean in single-color 
channel, train selection parameter, design experimental 
device, utilize DaVinci digital media processor [10-12] to 
conduct real-time processing on soybean image collected by 
camera and control actuator to work and screen out poor 
quality soybean, which realizes the rapid damage-free testing 
of soybean. 

II. MATERIAL AND METHOD 

A. Material and device 

In this paper, Matlab (Version number: MatlabR2014a) 
simulation platform was used to carry out algorithm design 
on extracted soybean video image, and then optimal soybean 
selection method was transplanted in DaVinci hardware 
platform. Four varieties of soybeans of 2000 each were 
selected as soybean samples including Dongnong 42, 
Dongnong 89836, Dongnong L13 and Dongnong 44 
cultivated by Key Laboratory of Soybean Biology of 
Education Ministry, in which the damaged, grey-spot and 
mildewed soybeans were included; the seeder was friction-
type vertical disc feeder developed by Northeast Agricultural 
University; the stepping motor was a 86 stepping servo 
motor produced by Hangzhou Yizhi Technology Co., Ltd; 
the conveyer belts were black rubber conveyer belt, on 
which some back plates were fixed every 10mm to prevent 
soybean brain to fall; the camera was A-grade 22X high 
resolution integrated color camera produced by Shenzhen 
Rongfa Technology; the image processing system was 
DaVinci video signal processing platform including an ARM 
CPU with ARM26 core and a DSP CPU with DSP 64+ core. 
Thereinto, TMS320DM355 and TMS320DM6437 shared 
one composite video input and one S terminal video input, 
which can obtain synchronized video data and 
simultaneously conduct parallel processing. The design of 
soybean vision selection device is shown in Figure 1. 
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Figure (1).  Experimental device. 

The device mainly consists of four parts: a transferring 
part for whole column of soybean, an image collection and 
processing part, a sorting control part and a lighting part 
[13]. The test was conducted in a camera obscura with 
lighting system, in which a camera was vertically fixed on 
top of obscura. The camera should be adjusted to include 
three soybeans in scene. In order to keep objective soybean 
lighted evenly, combined strip light shall be installed on top 
of objective area. 

B. Working process 

After soybeans entered from feeding port, the stepping 
motor would drive the feeder to rotate in uniform speed and 
enable three columns of soybeans evenly fall on conveyor 
belt with back plate. The working status of device in the 
course of test is shown in Fig 2. 

 
Figure (2).  Experimental process. 

The conveyor belt moved uniformly under effect of 
stepping motor. When an object passed though collection 
area, the camera would collect a frame of image. Then 
DaVinci processing platform would make judgment on the 
three soybeans in center of previously collected image. If 
there was inferior soybean, the platform would send control 
order to control the striker motion of electromagnet on which 
such inferior soybean was located and spring this soybean 
into the gap beside conveyor belt. During this course, frame 
rate of camera was set 60 frames per second and speed of 
conveyor belt was controlled between 0.03m/s and 0.07m/s. 
Under repeated trials, the distance between electromagnet 
striker and camera center would be 10cm. 

III. SOYBEAN SELECTION ALGORITHM DESIGN 

A. Image preprocessing 

Background segmentation is a key course in image 
processing, because it is necessary to isolate soybeans from 
background in order to conduct soybean selection and 
screening. 

 

Figure (3).  Background segmentation and color marking. 

In order to speed up processing of device and reduce 
complexity of algorithm, the conveyor belt and background 
used in the device of this paper were all black. We chose one 
frame of image collected during experimental process for 
example, as shown in Fig 3a. If the background image 
obtained from camera was directly used to conduct 
difference method algorithm, the information would distort 
after algorithm of soybean with background in same 
position. In this paper, we extracted background from 
original image and carry out difference algorithm on every 
frame of image obtained from test. Firstly, the frequency that 
different pixels of each channel in original image appeared 
should be counted up, as shown in Fig 4.  

 

 

Figure (4).  Gray-level values frequency distribution. 
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As both background and conveyor belt were black, the 
grey scale of each channel in their images were close to zero. 
Therefore, the background image could be obtained after 
removal of soybean images adjacent to wave crest in grey 
scale frequency distribution of each channel. Image after 
difference is shown in Fig 3b. After removal of background, 
it was required to conduct threshold segmentation to image. 
The segmentation result is shown in Fig 3c. 

Because conveyor belt was moving in process of test, so 
after segmentation, the binary image included weak noise 
signal. Disc-shaped mask with radius of 2 was chosen to 
make closed operation with binary image in order to remove 
noise signal. In order to choose the selection characteristics, 
it is essential to count up and calculate the information of 
each soybean. Therefore, in this paper, the connected region 
of each soybean was marked and sorted in binary image after 
background segmentation, as shown in Fig 3d. 

B. Boundary characteristic drawing method 

The boundary drawing characteristics include perimeter, 
area, roundness and eccentricity of soybean connected region 
[15]. Perimeter and area are foundation in calculation of 
other characteristic parameters. So in this paper, the bug 
tracking method was used to trace contour in order to 
calculate perimeter and area, as shown in Fig 5a. Assuming 
an ideal bug advancing from white background to pixel 
region, when the bug entered a black pixel, it turned left and 
continued to move to the next pixel. If the next pixel was a 
black one, the bug would turn left again until it met with a 
white one and turned right. This paper had defined the 
decoding value of bug movement at one certain pixel point p, 
as shown in Fig 6b. It defined if the pixel of point p was a 

part of object, then   1, kjF , therefore, the pixel of non-

soybean region   0, kjF . The perimeter PE of soybean 
connected region was overall pixel quantity of 
  0, kjF or   1, kjF . 

Based on above algorithm, the area of soybean connected 
region was obtained, as shown in equation (1). 
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Figure (5).  Boundary tracking algorithm. 

In which, the definition of )(pj was shown in equation (2) 
below: 
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The vector diameter was the diameter of a circle with 
same area of soybean region. Roundness reflected the degree 
of closeness between target soybean and the circle, which 
could be calculated from perimeter and area of soybean 
connected region, with its algorithm as shown in equation 
(5): 
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C. Regional characteristic drawing method 

Regarding mildewed and grey-spot soybeans, they could 
not be precisely selected only depending on external physical 
characteristics, so it was necessary to conduct statistics and 
analysis on grey scale value, standard deviation and other 
regional drawing characteristics of soybean connected 
region. To simplify processing algorithm, this paper 
proposed to choose one single-color channel to extract 
characteristics. Firstly, soybean image of each channel under 
space of different space should be extracted. Secondly, 
statistic method should be used to extract characteristic 
parameters of soybean region of every colored channel. 
1) Color space model  

In practical digital image processing, the most 
commonly used model is RGB color model that is 
represented by three vectors: R, G and B. But only RGB 
model could not adapt to the colors that people have 
explained. YCbCr color model is widely applied in digital 
video. Transformation between YCbCr and RGB models is 
shown in equation (6), in which Y refers to luma, Cb refers 
to difference between blue component and reference values, 
and Cr refers to difference between red component and 
reference values. 
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In HIS color model, the hue, color saturation and 
brightness are used to describe an object. The transformation 
of HIS and RGB models is shown in equation (7). 
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In above equation, H component refers to hue, S 
component refers to saturation and I component refers to 

intensity.  is shown in equation (8). 
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Color space transformation was conducted to soybeans 
image that had collect. The transformed images are shown in 
Fig 6. 

 
Figure (6).  Soybeans image In YCbCr and HSI color spaces. 

2) Soybean regions drawing characteristic  
The statistical moment in grey scale histogram of each 

color channel in soybean located connected regions was 
utilized to describe soybean texture characteristic [16]. Let 

iz to represent a random variable of brightness, and )( izp to 
represent the single-channel grey scale histogram of soybean 
regions. The N moment about the mean is shown in equation 
(9), in which L refers to grey scale and is set 256 here.  
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The mean m reflected average brightness of soybean 
regions. 







1

0

)(
L

i

ii zpzm            (10) 

The standard deviation  reflected average contrast ratio 
of soybean regions. The calculation process is shown in 
equation (11): 

2
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The smoothness R reflected a regional relative 
smoothness. The calculation process is shown in equation 
(12), in which standard deviation  shall be normalized to 
scope[0,1]. 
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Consistency measure reflected regional smoothness 
degree as well. When all grey scale of soybean regions 
equaled with each other, the consistency would be in 
maximum. 
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Random metric entropy e reflected random degree of 
pixel value and its value would be zero for a changeless 
image. The algorithm is shown in equation (14): 
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IV. RESULTS AND ANALYSIS 

A. Characteristic value  

Both length of long and short axial and eccentricity were 
parameters of an oval with same standard second order 
central moment with soybean regions. Both eccentricity and 
elliptic axial ratio could reflect the degree of closeness 
between oval and circle. According to calculation, the 
statistic results of area, perimeter, lengths of elliptic long and 
short axial and equivalent diameter of each connected 
regions are shown in Fig 7. 
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Figure (7).  Parameters of soybean regions.

The calculation results of boundary drawing features 
such as roundness, eccentricity and ratio of elliptic axial are 
shown in Fig 8 

 
Figure (8).  Boundary drawing characteristics. 

The mean and standard deviation of soybean regions of 
each color channels are shown in Table 1. 
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TABLE  1  MEAN AND STANDARD DEVIATION 

S/
N 

Mean Standard 
R 

channe
l 

G 
channel 

B 
chann

el 

H 
channel 

S 
channel 

I 
channel 

Y 
channe

l 

R 
chann

el 

G 
chann

el 

B 
chann

el 

H 
chann

el 

S 
chann

el 

I 
chann

el 

Y 
channe

l 
1 219.26 204.29 166.07 196.54 46.813 196.54 191.55 49.000 53.348 64.097 53.884 34.524 53.884 45.025 
2 236.18 231.52 200.87 222.85 32.273 222.85 213.05 42.195 46.110 62.091 48.651 40.568 48.651 39.538 
3 235.54 225.75 180.85 214.04 44.867 214.04 207.98 40.830 47.054 54.865 46.086 32.627 46.086 38.866 
4 237.90 132.59 192.36 220.95 36.870 220.95 213.18 37.668 41.799 48.956 41.996 23.649 41.996 35.178 
5 229.80 219.07 170.97 206.61 49.842 206.61 202.19 42.951 48.163 55.617 47.902 30.534 47.902 40.295 
6 220.94 202.60 142.53 188.69 69.773 188.69 188.83 44.287 48.209 53.234 47.547 36.455 47.547 40.407 
7 232.55 223.02 187.95 214.74 39.800 214.51 206.55 41.848 49.772 65.352 51.168 38.837 51.168 41.674 
8 240.16 235.33 203.16 226.22 30.590 226.22 216.22 36.911 42.051 54.181 42.983 29.626 42.983 35.387 
9 239.38 235.78 209.63 228.27 25.286 228.27 216.87 37.371 41.104 53.455 43.136 27.198 43.136 35.200 

10 237.34 227.93 176.22 213.83 49.763 213.83 209.11 37.323 43.944 52.120 42.945 30.582 42.945 36.172 
11 224.13 200.64 145.48 190.08 64.426 190.08 188.94 40.027 43.766 47.574 41.792 33.441 41.792 35.971 
12 229.08 214.74 164.93 202.92 52.387 202.92 199.23 40.982 46.952 49.932 45.071 26.268 45.071 38.646 
13 237.71 225.17 182.59 214.16 41.460 214.16 207.65 40.935 45.812 47.949 44.294 23.104 44.294 37.994 
14 232.58 222.30 179.80 211.56 44.380 211.56 205.39 40.806 46.615 56.743 46.984 32.831 46.984 39.048 
15 231.30 200.92 125.19 185.81 89.265 185.81 188.95 39.852 44.944 46.333 41.965 36.218 41.965 36.601 
16 231.97 214.18 165.12 203.76 53.512 203.76 199.70 39.998 45.277 49.504 43.771 31.668 43.771 37.393 
17 228.54 213.34 161.81 201.23 55.338 201.23 198.07 41.124 46.979 51.382 45.645 28.017 45.645 38.853 
18 226.38 204.88 144.39 191.88 67.850 191.88 191.55 41.222 44.147 44.503 42.567 26.500 42.567 36.850 

The results of smoothness, consistency and entropy of soybean regions of each color channel are shown in Table 2. 

TABLE 2  SMOOTHNESS & CONSISTENCY & ENTROPY 

S/N 

Smoothness Consistency Entropy 
R 

chann
el 

G 
chann

el 

B 
chann

el 

H 
chann

el 

S 
chann

el 

I 
chann

el 

Y 
chann

el 

R 
channe

l 

G 
chann

el 

B 
chann

el 

H 
chann

el 

S 
chann

el 

I 
chann

el 

Y 
chann

el 

R 
chann

el 

G 
chann

el 

B 
chann

el 

H 
chann

el 

S 
chann

el 

I 
chann

el 

Y 
chann

el 
1 0.036 0.042 0.059 0.043 0.018 0.043 0.030 0.110 0.079 0.085 0.111 0.090 0.075 0.075 5.423 6.103 6.424 3.891 5.786 6.322 6.044
2 0.027 0.032 0.056 0.035 0.025 0.035 0.024 0.233 0.184 0.084 0.132 0.088 0.074 0.092 3.980 4.469 5.980 3.554 5.514 5.686 5.087
3 0.025 0.033 0.044 0.032 0.016 0.032 0.023 0.238 0.154 0.134 0.155 0.137 0.122 0.128 3.814 4.783 5.656 3.451 5.191 5.382 4.950
4 0.021 0.026 0.036 0.026 0.009 0.026 0.019 0.248 0.175 0.081 0.131 0.084 0.077 0.098 3.815 4.481 6.080 3.334 5.502 5.623 4.988
5 0.028 0.034 0.045 0.034 0.014 0.034 0.024 0.150 0.093 0.065 0.103 0.069 0.061 0.068 4.849 5.615 6.491 3.692 5.901 6.214 5.781
6 0.029 0.035 0.042 0.034 0.020 0.034 0.025 0.101 0.148 0.106 0.118 0.108 0.086 0.082 5.527 5.020 6.101 3.712 5.670 6.178 5.983
7 0.026 0.037 0.062 0.039 0.023 0.039 0.026 0.191 0.148 0.066 0.110 0.070 0.057 0.076 4.509 5.020 6.396 3.686 5.976 6.097 5.497
8 0.021 0.027 0.043 0.028 0.013 0.028 0.019 0.257 0.207 0.088 0.129 0.092 0.078 0.096 3.690 4.163 6.000 3.514 5.523 5.598 4.934
9 0.021 0.025 0.042 0.028 0.011 0.028 0.019 0.272 0.235 0.101 0.162 0.105 0.099 0.125 3.532 3.885 5.714 3.172 5.212 5.222 4.557
10 0.021 0.029 0.040 0.028 0.014 0.028 0.020 0.217 0.133 0.074 0.110 0.078 0.071 0.084 4.118 5.012 6.321 3.678 5.816 5.917 5.361
11 0.024 0.029 0.034 0.026 0.017 0.026 0.020 0.077 0.061 0.069 0.095 0.073 0.061 0.061 5.706 6.411 6.452 4.024 5.942 6.404 6.217
12 0.025 0.033 0.037 0.030 0.011 0.030 0.023 0.126 0.064 0.064 0.101 0.068 0.058 0.062 5.101 6.093 6.415 3.716 5.783 6.232 5.934
13 0.025 0.031 0.034 0.029 0.008 0.029 0.022 0.196 0.120 0.118 0.148 0.122 0.100 0.108 4.241 5.191 5.646 3.276 5.082 5.513 5.157
14 0.025 0.032 0.047 0.033 0.016 0.033 0.023 0.162 0.091 0.056 0.094 0.060 0.045 0.057 4.809 5.633 6.599 3.763 6.056 6.357 5.848
15 0.024 0.030 0.032 0.026 0.020 0.026 0.020 0.168 0.097 0.112 0.122 0.113 0.097 0.097 4.602 5.962 5.895 3.811 5.616 5.886 5.705
16 0.024 0.031 0.036 0.029 0.015 0.029 0.021 0.126 0.096 0.108 0.135 0.112 0.097 0.097 4.874 5.746 5.867 3.521 5.336 5.734 5.513
17 0.025 0.033 0.039 0.031 0.012 0.031 0.023 0.126 0.063 0.061 0.098 0.065 0.056 0.059 5.124 6.131 6.511 3.711 5.925 6.313 6.004
18 0.026 0.029 0.030 0.027 0.011 0.027 0.021 0.073 0.037 0.042 0.099 0.047 0.039 0.040 5.701 6.554 6.533 3.640 5.955 6.450 6.259

 
 

B. Design of sorter based on BP neural network 

BP neural network [17] is an error back-propagation 
neural network. BP neural network was used to design the 
state sorter in order to classify soybeans. Firstly, it was 
necessary to choose 100 frames of experimental images, i.e. 
1800 soybean samples, and take them as training set and test 
set. According to national standard [18], they would be 
classified to qualified and unqualified soybeans. Secondly, 
statistic should be made on boundary and regional drawing 
characteristics of each soybean. Under different color 
channels, the roundness, eccentricity, elliptical axial ratio, 

mean, standard deviation, smoothness, consistency and 
entropy of each soybean should be normalized and then 
taken as input sample information. The expectation output of 
network is shown in Table 3. 

In constructing BP network, logarithmic transfer function 
logsig was used as transfer function, and linear activation 
function purelin was used as output layer neural transfer 
function. Let node of hidden layer be 10, maximum training 
times be 1000 and minimum mean square error be 1e-8. 
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TABLE 3.  EXPECTATION OUTPUT 

Color 
channel 

State of soybean 
Network expectation 

output 

R 
Qualified 1 

Unqualified 0 

G 
Qualified 1 

Unqualified 0 

B 
Qualified 1 

Unqualified 0 

H 
Qualified 1 

Unqualified 0 

S 
Qualified 1 

Unqualified 0 

I 
Qualified 1 

Unqualified 0 

Y 
Qualified 1 

Unqualified 0 

The precision of neural network model recognition is 
shown in Table 4. 

TABLE 4. RECOGNITION RATE OF NEURAL NETWORK MODEL 

 R G B H S I Y 
Correct 
number 

1677 1723 1756 1708 1650 1742 1675 

Recognit
ion 

rate/% 
93.2 95.7 97.6 94.9 91.7 96.8 93.1 

 
In order to guarantee a brief and efficient algorithm, 

according to test results, we chose to conduct regional 
drawing sub-extraction in B channel, and set roundness and 
smoothness as primary basis of selection. 

C. Selection test 

In the test, four varieties of soybeans of 2000 each 
including Dongnong 42, Dongnong 89836, Dongnong L13 
and Dongnong 44 were randomly selected to test on 
designed selection device. Each column of soybeans should 
receive repetition test in different speed through adjusting 
speeds of seeder and conveyor belt, test results as shown in 
Table 5. 

TABLE 5.  STATISTICS OF TEST RESULTS 

Variety of 
soybean 

Speed(540/min) Speed(900/min) Speed(1260/min)
Correct 

no. 
Correct 
ratio/% 

Correct 
no. 

Correct 
ratio/% 

Correct 
no. 

Correct 
ratio/%

Dongnong 
42 

1934 96.7 1924 96.2 1908 95.4 

Dongnong 
89836 

1944 97.2 1940 97.0 1938 96.9 

Dongnong 
L13 

1916 95.8 1904 95.2 1894 94.7 

Dongnong 
44 

1966 98.3 1958 97.9 1952 97.6 

 
According to test results, the soybean vision inspection 

selection device based on DaVinci technique could recognize 
defected soybean though transplanting and realizing of 
optimal selection algorithm obtained from stimulation 
platform. Besides, it utilized striker motion of electromagnet 
to process defected soybean and satisfy various screening 

speed. The recognition rate reached 95%, which could 
satisfy the needs of selection. 

V. CONCLUSION 

(1) In order to overcome the low efficiency of traditional 
soybean screening device and high cost of PC as core of 
vision device of farm product processing machine, the 
soybean vision selection device was designed. DaVinci 
digital media processors TMS320DM6437 and 
TMS320DM355were used as core chip to realize soybean 
smart selection. 

(2) The MATLAB2014a simulation platform was utilized 
to design a soybean selection algorithm, make statistic on 
parameters of each color channel, find out optimal drawing 
channel and extract soybean boundary and regional drawing 
characteristics. Then BP neural network was used to train 
and find out optimal drawing characteristics. 

(3) Through transplanting soybean selection algorithm, 
embedded algorithm was realized. The bi-processor multi-
thread method was used to collect and display soybean 
information, run selection algorithm, control system 
screening and other processes. 

(4) Four varieties of test samples including Dongnong 42, 
Dongnong 89836, Dongnong L13 and Dongnong 44 were 
used to conduct repetition test. The resulted selection speed 
was fast with precision ratio of 95%, which could meet the 
needs of production. 
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