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Rice seeds identification based on back propagation neural network model 
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Abstract: Rice quality directly affects the final rice yield.  In order to achieve rapid, non-destructive testing of rice seeds, this 
paper combines the three-dimensional laser scanning technology and back propagation (BP) neural network algorithm to build a 
rice seeds identification platform.  The information on rice seed surface is collected from four angles and processed using 
Geomagic Studio software.  Based on the noise filtering, smoothing of the point cloud, vulnerability repair, and downsampling, 
the three-dimensional (3D) morphological characteristics of a rice seed surface, and the projection features of the main plane 
cross-section are obtained through the calculation of the features.  The experiments were performed on five rice varieties, 
including Da Hua aromatic glutinous, Hong Shi Ⅰ, Tian You VIII, Xin Dao X, and Yu Jing VI.  The resulting input vector 
consisted respectively of: (1) nine 3D morphological surface features, (2) nine projection features of the main cross-section 
plane of rice, and (3) all of the above features.  The results showed that for an input vector consisting of nine surface 3D 
morphological features, the recognition rate of the five rice varieties was 95%, 96%, 87%, 93%, and 89%, respectively; for an 
input vector consisting of nine projection features of the main cross-section plane of rice seeds, the recognition rate was 96%, 
96%, 90%, 92%, and 89%, respectively; and lastly, for an input vector consisting of all the features, the highest recognition rate 
of 96%, 97%, 91%, 94%, and 90%, respectively, was achieved.  The analysis showed that rice varieties could be identified by 
using 3D laser scanning.  Therefore, the proposed method can improve the accuracy of rice varieties identification. 
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1  Introduction 

Rice is not only the main food crop in the agricultural 
production in China but also the staple food of about half of the 
world population.  In the process of rice cultivation, the excellent 
rice varieties tend to increase agricultural production efficiently, 
but in fact, high-quality rice is often mixed with poor-quality rice, 
resulting in purity falling of rice varieties, which further affects the 
overall yield[1].  Therefore, to ensure a stable and high yield of 
high-quality rice, it is necessary to detect the purity of rice seeds 
before rice sowing. 

In recent years, due to the development of semiconductors and 
microelectronics, the advanced electronic equipment and the new 
technology of surveying and mapping have been continuously 
improving.  The three-dimensional (3D) laser scanning 
technology has merged the optics, mechanics, electronics, and 
other technologies, thus improving the traditional measurement 
technologies, providing a wide-range, high-efficiency, 
high-precision 3D information acquisition[2], and enabling the 
scanning of object optical characteristics.   
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The detailed information on a 3D rice surface collected in an 
indirect way without damaging the rice denotes the reliable initial 
data for further rise seed characteristics determination.  Moreover, 
the characteristic parameters have a space shift rotation invariance, 
so they can greatly enhance the identification accuracy of rice 
varieties. 

The BP neural network is a hierarchical feedforward neural 
network.  Its input layer receives input signal, which is then 
processed and transmitted to the hidden layer, and after that, 
transmitted to the output layer.  Due to the strong ability of 
nonlinear mapping, self-learning, adaptive capacity, generalization 
ability, and fault tolerance, the BP neural networks are the most 
widely used neural network models in face recognition[3,4], license 
plate recognition[5], palmprint recognition[6], etc.  In the 
agricultural field, the BP neural networks are used for identification 
of cotton diseases[7], transgenic soybean[8], and corn seeds[9]. 

Tao and Zhou[10] proposed an automatic segmentation and 
recognition method for the robot based apple picking using the 
point cloud data, where the color features and 3D geometry 
features were fused, which achieved the classification accuracy of 
92.30%.  For the identification of large objects, such as apples, 
features can be obtained easily, and the error influence on final 
results is not obvious.  However, due to the high precision 
requirements, for small objects, such as rice seeds, the error caused 
by common measurement methods is enormous, and the 
recognition efficiency is generally hard to guarantee.  Shantaiya 
and Ansari [11] used a color digital camera to collect the sample 
images of rice seeds and obtained nine morphological 
characteristics, and six color features were obtained.  Six kinds of 
rice seeds were identified with the average classification accuracy 
of 84.8%, which proved that rice seeds could be successfully 
identified by an artificial neural network. 

In summary, the detailed 3D contour information can be 
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collected efficiently by using a 3D laser scanning, and a BP neural 
network can be employed to fit the data characteristics.  In our 
previous work, our research team proposed a calculation method of 
surface shape features of rice seeds based on the point cloud, 
obtaining nine 3D features of rice seeds[12].  Based on previous 
research, nine projection features of the main cross-section plane of 
rice seeds are obtained, and 18 features of rice seeds can be 
obtained in total.  In this study, a laser scanning is combined with 
a BP algorithm, and nine 3D morphological surface features, nine 
projection features of the main cross-section plane of rice seeds, 
and all 18 features are input to the BP neural network, respectively, 
with an aim to get an ideal recognition rate of rice seed varieties. 

2  Materials and methods 

The objective of this work is to identify the rice seeds by using 
3D laser scanning technology.  Based on a BP model, the 
calculation method of 3D morphological characteristics of rice seed 
surface and the projection features of the main plane cross-section 
of rice seeds are presented.  The identification of rice seed 
varieties is performed by an artificial neural network model; the 
effect of characteristic parameters on the classification and 
identification performance of rice seeds is studied, and then used as 
a theoretical basis for classification and identification of rice seed 
varieties.  The flowchart of the proposed method is shown in 
Figure 1. 

 
Figure 1  Flowchart of the rice seeds identification method 

 

2.1  Rice seed varieties  
In this work, five varieties of rice seeds, including Da Hua 

aromatic glutinous, Hong Shi Ⅰ, Tian You VIII, Xin Dao X, and Yu 
Jing VI, are used for method development, and 50 samples of each 
variety are used for method testing.  Some of the samples used in 
the test are presented in Figure 2. 

 
Figure 2  Rice seeds samples used in the test 

 

2.2  Three-dimensional laser scanning system 
Here, we use a 3D line laser scanner (model SED, Beijing 

Winner Optical Instruments Co., Ltd, Beijing, China) with a 
maximum scanning accuracy of 0.01 mm, as shown in Figure 3a.  

The measuring head of the scanner is installed on the mechanical 
platform by a transfer plate, which is driven by a servo motor.  
The maximum moving distance of a measuring head along each 
axis is 400 mm, and the positioning accuracy is 0.1 um.  After 
system initialization, using the movement control cards and image 
acquisition card driver measuring head, the digital scanning process 
of a rice seed surface is performed, and the measured point cloud 
data are stored in the form of a text file on the computer for further 
analysis. 

The 3D laser scanning system is composed of the control 
module, drive module, and measurement module.  The control 
module includes the computer, image acquisition card, and motion 
control card embedded in a computer motherboard.  The driving 
module consists of the three-axis servo actuators and servo motors.  
The measuring module mainly refers to the measuring head, which 
includes two CCD lens and laser generator, as shown in Figure 3b. 

 
a. 3D laser line scanner 

 
b. System block diagram 

Figure 3  3D laser scanning system 
 

2.3  Extraction of rice seed features 
In order to characterize the point cloud characteristics of 

different rice seed varieties, and classify the varieties accordingly, 
18 features of rice seeds are extracted using the 3D point cloud 
model of rice seeds.  The flowchart of the point cloud data 
processing is shown in Figure 4. 
2.3.1  Collection and preprocessing of rice seed surface point 
cloud data 

Collection of the point cloud data is the primary step of the 
calculation of 3D morphological characteristics of rice seeds, and 
also the basis for classification and identification of rice seed 
varieties.  The data on rice seed surfaces are collected from four 
perspectives, which is consistent with the procedure of the previous 
research adopted by our team[12], the registration is performed using 
Geomagic Studio software (2013, Geomagic, North Carolina, 
America). 
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Figure 4  Data processing flowchart 

 

Due to the noise, voids, and data redundancy of the acquired 
rice seeds point cloud data, a basic preprocessing of the point cloud 
data is performed before the feature calculation, including the noise 
filtering, smoothing of points cloud, vulnerability repair, and 
downsampling reduction. 
2.3.2  Calculation of three-dimensional morphology features of 
rice seed surface 

(1) Computation of length, width, and thickness 
An oriented bounding box (OBB) model, which represents the 

closest cuboid model of the point cloud model of rice seed, is 
constructed for computing the length, width, and thickness of the 
point cloud model.  The length, width, and height of the OBB 
model represent the length, width, and thickness of the point cloud 
model, respectively.  After the model coordinate system 
calibration, the three dimensions of the model coincide with the 
three axes of the coordinate system.  We first find the maximum 
and minimum value on all the three axes and label them as xmax, 
xmin, ymax, ymin, zmax, and zmin, respectively.  Then, the length (L), 
width (W), and height (H) are calculated by:      

L = xmax – ymin                   (1) 
W = ymax – ymin                   (2) 
H = zmax – zmin                   (3) 

 (2) Calculation of rice seeds volume 
Based on the surface morphology of rice seeds, a simplified 

calculation of rice seeds volume based on the point cloud model is 
proposed in this paper.  The specific process is as follows. 

a) Point cloud model cut  
The point cloud model is divided along the x-axis at equal 

intervals to find the section plane closest to each point in the model, 
and calculate the projections of each point on the corresponding 
section plane.  Thus, the point cloud model consisting of n 
sections labeled as Pi, where i =1, 2, …, n, is obtained.  In Figure 
5, a cross-section point cloud model is presented in the yOz plane.  
In Figure 5, it can be seen that the point cloud denotes a 
two-dimensional concave set of points.                         

 
Figure 5  The section point cloud model 

b) Calculation of cross-section area 
Suppose that the projection point cloud model is a set of 

concave-area points Ui, which includes points A(x1, y1), B(x2, y2), 
C(x3, y3), D(x4, y4), E(x5, y5), F(x6, y6), and G(x7, y7), while point 
P(xp, yp) is outside the concave area, as shown in Figure 6.  The 
concave area is constituted by a triangular vector area composed of 
the vertices of P and A-G.  When the clockwise direction is 
specified as a positive direction, the areas of ΔPAB, ΔPBC, and 
ΔPCD are all positive, and the areas of ΔPDE, ΔPEF, ΔPFG, and 
ΔPGA are all negative. 

 
Figure 6  Schematic diagram of a concave area 

 

Assume that dAP, dBP, and dAB represent the lengths of 
triangular sides lAP, lBP, and lAB, respectively.  Then, according to 
Heron’s formula, it can be written that: 

H = zmax – zmin                   (4) 

Δ
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By the analogy, the areas of ΔPBC, ΔPCD, ΔPDE, ΔPEF, 
ΔPFG, and ΔPGA are SΔPBC, SΔPCD, SΔPDE, SΔPEF, SΔPFG, and SΔPGA, 
respectively.  Then, it can be written: 

S = |SΔPAB + SΔPBC + SΔPCD – SΔPDE – SΔPEF – SΔPFG – SΔPGA|    (6) 
where, S represents the area of concave-area points Ui, and it is the 
same as the area of the projection point cloud model. 

c) Calculation of point cloud model volume 
Assume that the sectional areas of the model divided by the 

equidistant plane are S0, S1, ..., Sn.  When the value of n is large 
enough, the adjacent section cutting planes are approximately equal.  
Then, the volume of the point cloud model can be approximately 
calculated by: 
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And the ith round volume is given by:  

max min 1
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Assume the volume calculated in the mth iteration is Vm, and 
the absolute value of the difference between it and volume Vm–1 

obtained in the previous iteration is less than a given threshold; 
then, it can be considered that the calculation result reached the 
actual accuracy; the model volume is Vm; otherwise, the next round 
of segmentation is performed on the point cloud model. 

(3) Calculation of rice seed surface area 
Surface area is one of the most important shape features of an 

object.  The surface point cloud model is obtained by laser 
scanning technology.  The surface area of rice seeds is calculated 
by establishing a triangular mesh of the rice seed point cloud 
model[13,14].  The specific process is as follows. 

a) First, a triangular mesh of the rice-seeds point cloud model 
is established.  Then, a greedy projection algorithm[15] is used for 
triangulation of the rice seeds point cloud. 
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b) Then follows the calculation of the surface area of a 
triangle model.  The given rice seeds triangular mesh model is 
made up of triangular patches T={T1, T2, …, Tn}, where n is the 
number of triangular patches, Ti is the ith triangular patch whose 
three vertices are Ai, Bi, and Ci.  The corresponding triangle 
lengths ai, bi, and ci are calculated by the Euclidean distance 
formula, and the surface area of the triangular SAiBiCi can be 
calculated by Eq. (4) and Eq. (5).  Then, the surface area of rice 
seeds is given by: 

1 i i i

n
A B Ci

S S


                  (9) 

Further, the needle degree, flatness, shape factor, and 
sphericity of rice seeds are calculated.  The surface of rice seeds is 
approximately ellipsoid.  Through the research on the outline 
shape of rice seeds, the needle index Θ, flatness Φ, shape factor F, 
and sphericity Ψ are introduced as the quantitative indexes of rice 
seeds morphology[16] to evaluate the contour characteristics of rice 
seeds, and they are respectively calculated by: 
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2.3.3  Calculation of projection features of the main plane 
cross-section of rice seeds 

The edge outline of rice seeds point model is extracted by a 
seed point outline extraction based on the Alpha Shape[17], and the 
edge outline information is further optimized by the cubic spline 
interpolation[18] to make the image clearer. 

(1) Area.  The six-view projection method of the orthogonal 
projection is used, and the resulting six-view areas are compared to 
get the largest area, which is labelled as Sx. 

(2) Perimeter.  The perimeter is calculated by using the line 
connecting the outline points and accumulating the distance 
between all the neighboring outline points, labeled as C. 

(3) Length, width, and length-width ratio.  The length of the 
projected rice-seeds point cloud model denotes the maximum 
distance between the two endpoints on the edge outline of the rice 
seeds, while the width is defined by the intersection of the vertical 
line passing through the midpoint of the long axis and rice seed 
edges.  The length-width ratio, denoted as CLW, is the ratio of 
length Lx to width Wx. 

Suppose the coordinates of the leftmost and rightmost points 
are (x1, y1) and (x2, y2), respectively; then, the distance between two 
points is the length of a rice seed Lx, and the outline of the long axis 
of the midpoint coordinates (xm, ym) is: 
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The slope K of the long axis is defined by: 
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Then, the short axis at K≠0 is defined by: 
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The long axis is defined as the x-axis, while the short axis is 
defined as the y-axis.  The contour points close to the y-axis in 
intervals x>0 and x<0 are determined respectively, which are also 
the two endpoints of the short axis.  Then, the outline-width Wx is 
calculated. 

When K=0, the x-axis coincides with the long axis, so the 
equation of the short axis of the contour is expressed as x=0.  
Similarly, the contour width Wx can be obtained.  The 
length-width ratio of the rice seeds is given by: 
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(4) Maximum radius (RMA) and minimum radius (RMI).  The 
maximum distance and the minimum distance of the center of the 
mass c to the boundary contour denote the maximum radius and the 
minimum radius, respectively, and the radius ratio CR is the ratio of 
the maximum radius to the minimum radius; they are all very 
important geometric features that identify the morphology of the 
rice seeds.  The center of mass of the rice seeds cloud point model 
is defined by: 
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where, pi is the edge contour of the rice seeds, and N is the number 
of contour points on the edge of the rice seeds.  Then, we 
calculate the distance d between the center of the mass c and each 
boundary point of the rice seeds, and then find their maximum 
value dmax and minimum value dmin to get the maximum and 
minimum radius of rice seeds, respectively.  The radius ratio of 
the rice seeds is given by: 
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(5) Circularity.  Circularity[19] describes the compactness of a 
region to a certain degree; it is dimensionless and insensitive to the 
region size, and its mathematical expression is: 

2

4 x
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where, C and Sx are the perimeter and area of the projection cloud 
model of rice seeds, respectively. 
2.4  Classification and identification of rice seeds using BP 
neural network 

The BP neural network, which is also called the error reverse 
transmission neural network, is a neural network that uses the 
feedback values to adjust the connection weights between neurons 
continuously.  In this work, a three-layer BP neural network that 
is trained with eighteen features of the rice seeds is used to evaluate 
the relationship between the combination of features and rice seed 
varieties.  The specific steps are as follows. 

(1) Training and test samples 
Five varieties of rice seeds, namely Da Hua, Xiang Nuo, Hong 

Shi Ⅰ, Tian You VIII, Xin Dao X, and Yu Jing VI, were selected as 
test samples, and there were 190 samples per each variety (950 
samples in total).  Further, 160 samples of every variety were 
randomly selected to train the network, and the other 30 samples 
were used to test the trained network model. 

(2) Three-dimensional morphological features 
Nine 3D morphological features of surfaces of the rice seeds, 

namely the length L, width W, thickness H, volume V, surface area 
S, needle degree Θ, flatness Φ, shape factor F, and sphericity Ψ; 
nine projection features of the main plane cross-section, namely the 
circumference C, area Sx, length Lx, width Wx, aspect ratio CLW, 
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maximum radius RMA, minimum radius RMI, radius ratio CR, and 
circularity γ were calculated.  

(3) Hidden layer  
The hidden layer of the BP neural network is crucial for overall 

network performance.  The number of neurons in the hidden layer 

was selected according to 1 2n n , where n1 denotes the number 

of input parameters, and n2 denotes the number of output 
parameters; therefore, n1 was defined as the input-vector dimension, 
and it was set to 9, 9, and 18, respectively, while n2 was defined as 
the output-vector dimension, and it was set to 5.  

3  Results and discussion 

3.1  Collection and preprocessing of point cloud data of rice 
seed surface 

As can be seen in the marked areas in Figure 7, the noise 
points on the rice seed surface were filtered, the missing parts were 
improved, and a few points represented the original morphological 
characteristics of the rice seeds.  Thus, the preprocessing of the 
collected point cloud data of the rice seeds effectively solved the 
problems of noise points, voids, and data redundancy, obtaining 
more precise and smooth point cloud data.  

 
a. Untreated point cloud 

 
b. Treated point cloud 

Figure 7  Point cloud data collection and preprocessing 
 

3.2  Experimental results 
3.2.1  Results of three-dimensional features of rice seed surface  

We collected the rice-seed surface point cloud, and calculated 
the mean and standard deviation of 18 features; the results of the 
three-dimensional features of the rice seed surface are given in 
Table 1.  Among nine morphological parameters, the length, 
width, thickness, volume, and surface area denoted the geometric 
parameters of rice seed surface, while the needle degree, flatness, 
shape factor, and sphericity denoted the synthetic indexes used to 
evaluate the rice seeds morphology.  Taking rice seeds and pellets 
as test objects, in the previous study[12], the calculated nine 3D 
morphological features of rice seeds were compared with the 
artificial measurements, and the relative error of less than 3% was 
obtained, which verified the reliability of the data, and indicated 

that it could be used as the feature set of the BP neural network- 
based identification and classification of rice seed varieties. 
3.2.2  Projection features of the main plane cross-section of rice 
seeds 

The projection features of the main plane cross-section of rice 
seeds were calculated by the projection point cloud model, and the 
obtained values are given in Table 2.  Among nine morphological 
parameters, the length, width, perimeter, area, maximum radius, 
and minimum radius denoted the rice seeds shape characteristics.  
The length-width ratio, radius ratio, and circularity were calculated 
from the above six morphological characteristics.  As can be seen 
in Table 2, the extracted parameters had the characteristics of 
differentiability and independence.  These characteristics could be 
used as the feature set of the BP neural network-based 
identification and classification of rice seed varieties. 
3.2.3  Results for three different input vectors 

The results for three input vectors consisted of nine 3D 
morphological features, nine projection features of the main plane 
cross-section of rice seeds, and all the features, respectively, are 
shown in Figure 8.  

For the first input vector, the number of neurons in the input 
layer was set to 9, the number of neurons in the output layer was 
set to 5, and the number of neurons in the hidden layer was set to 7.  
The corresponding results are labeled as A in Figure 8.  In Figure 
8, it can be seen that recognition rate of Hong Shi Ⅰ was the highest, 
up to 96%; the recognition rate of Tian You VIII was 87%, which 
was the lowest recognition rate among the five varieties in the 
classification test.  The average recognition rate was 92%. 

For the second input vector, the number of neurons in the input, 
hidden, and output layers were set to the same values as for the first 
input vector.  As it can be seen in Figure 8, where the 
corresponding results are labeled as B, the recognition rate of Hong 
Shi Ⅰ and Da Hua aromatic glutinous was the highest, up to 96%.  
The recognition rate of Yu Jing VI was 89%, and that was the 
lowest recognition rate among the five varieties in the classification 
test.  The average recognition rate was 92.6%.  Therefore, the 
recognition rate of Tian You VIII was improved by using nine 
morphological parameters as an input vector. 

 
Figure 8  The results for three different input vectors 

 

For the third input vector, there were 18 input parameters, so 
the number of neurons in the input layer was set to 18, the number 
of neurons in the output layer was set to 5, and the number of 
neurons in the hidden layer was set to 9.  As can be seen in Figure 
8 (refer to C), the recognition rate of Hong Shi Ⅰ was the highest, up 
to 97%.  The recognition rate of Yu Jing VI was 90%, and that 
was the lowest recognition rate among the five varieties in the 
classification test.  The average recognition rate was 94%. 
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Table 1  Three-dimensional surface features of rice seeds 

Feature 

Rice variety 

Da Hua aromatic glutinous Hong Shi Ⅰ Tian You VIII Xin Dao X Yu Jing VI 

Mean SD Mean SD Mean SD Mean SD Mean SD 

Length/mm 7.05 0.15 8.02 0.10 7.49 0.13 7.05 0.09 7.55 0.09 

Width/mm 3.75 0.09 3.34 0.09 3.40 0.03 3.16 0.09 3.26 0.07 

Length-width ratio/mm 2.51 0.10 2.48 0.06 2.4 0.05 2.34 0.09 2.4 0.03 

Perimeter/mm 27.33 1.92 27.63 1.10 25.06 0.53 22.72 1.50 24.43 0.87 

Area/mm2 51.92 2.11 54.28 1.63 49.15 0.81 45.38 1.51 48.25 1.11 

The maximum radius/mm 1.88 0.05 2.40 0.07 2.20 0.04 2.24 0.06 2.32 0.06 

The minimum radius/mm 0.67 0.03 0.74 0.03 0.71 0.02 0.74 0.03 0.74 0.02 

Radius ratio 1.26 0.08 1.78 0.11 1.56 0.05 1.66 0.10 1.71 0.08 

Circularity 0.57 0.01 0.51 0.01 0.53 0.01 0.53 0.01 0.52 0.01 

Note: SD is the standard deviation. 
 

Table 2  Projection features of the main plane cross-section of rice seeds 

Feature 

Rice variety 

Da Hua aromatic glutinous Hong Shi Ⅰ Tian You VIII Xin Dao X Yu Jing VI 

Mean SD Mean SD Mean SD Mean SD Mean SD 

Length/mm 7.03 0.11 8.02 0.06 7.54 0.07 7.13 0.08 7.46 0.13 

Width/mm 3.74 0.06 3.32 0.08 3.45 0.05 3.13 0.07 3.27 0.10 

Thickness/mm 1.88 0.04 2.42 0.07 2.19 0.04 2.28 0.06 2.29 0.08 

Volume/mm2 18.64 0.57 18.21 0.10 17.04 0.19 16.57 0.11 17.18 0.16 

Surface area/mm2 19.25 0.24 18.46 0.32 17.10 0.11 16.37 0.10 16.82 0.25 

Needle degree 3.84 0.09 3.97 0.06 3.19 0.38 3.53 0.05 3.21 0.30 

Flat degree 1.68 0.04 1.61 0.05 1.57 0.05 1.51 0.06 1.49 0.04 

Shape factor 2.28 0.08 2.47 0.09 2.04 0.25 2.34 0.10 2.15 0.21 

Sphericity 1.44 0.09 1.43 0.03 1.35 0.03 1.33 0.02 1.40 0.03 

Note: SD is the standard deviation. 
 

In Figure 8, A denotes the results for the input vector consisted 
of nine 3D morphological features; B denotes the results for the 
input vector consisted of nine projection features of the main 
cross-section plane of rice seeds; C denotes results for the input 
vector consisted of all 18 features.  

The results of our method were compared with the results of 
methods of Yan Qian, Sakai, and Zhijun Wang.  The comparison 
results are presented in Table 3 and explained in the following. 

Qian et al.[20] managed to increase the recognition rate of rice 
seeds up to 90% by inputting eight measured three-dimensional 
rice seeds data into a BP neural network.  However, in our 
experiments, nine 3D morphological features of rice seeds, which 
could be obtained by a 3D line laser scanner, were used as an input 
vector with higher accuracy, so higher recognition rate was 
achieved.   

Sakai et al.[21] analyzed the shape of brown rice seeds and 
polished rice seeds, and used an image processing technology to 
extract the cross-section area, perimeter, major axis length, minor 
axis length, aspect ratio, and circularity of rice seeds, and to 
classified them.  The results showed that the classification 
accuracy of 95.4% could be achieved by classifying the brown rice 
seeds and polished rice seeds by the shape features.  Therefore, it 
was still not enough to use only the projection features of the main 
plane cross-section of rice seeds with the average recognition rate 
of 92.6% as an input vector in rice seeds identification. 

Wang et al.[22] extracted 24 wheat image features with an 
average recognition rate of 93% by using the input vector consisted 
of all the features, including area, perimeter, equivalent circle 

diameter, the maximum and minimum radius, elliptic eccentricity, 
circularity, ovality, squareness, and so on. 

 Compared with the several above-mentioned studies, our 
method not only increased the identification accuracy of rice 
varieties but also improved the recognition rate, as shown in Table 
3.  Besides, for the same rice seed species, the highest recognition 
rate was achieved when all 18 feature vectors were used as an input 
of the BP network. 

 

Table 3  Comparison results 

Comparison 
parameter 

Identification method 

Qian[20] Sakai[21] Wang[22] Our method 

Identification Object rice seeds rice seeds wheat seeds rice seeds 

Feature number 8 6 24 18 

Recognition rate 90% 95.4% 93% 97% 
 

4  Conclusions 

In this paper, the classification of rice seeds is studied.  
Following the characteristics of rice varieties, laser scanning 
technology is used to measure the morphological characteristics of 
rice seeds.  Based on the noise filtering, smoothing of the point 
cloud, vulnerability repair, and downsampling reduction, and by 
using the morphological characteristics of rice seeds, a method for 
calculation of rice seed morphological characteristics is proposed.  
Using the proposed method, the three-dimensional morphological 
characteristics of a rice seed surface and the projection features of 
the main plane cross-section were obtained.  The rice seed 
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recognition was conducted by the BP neural network model using 
respectively three different input vectors containing: (1) nine 
three-dimensional morphological characteristics of rice seeds, 
(2) nine projection features of the main plane of rice seeds, and (3) 
all 18 features.  The results of the tests conducted with five rice 
seed varieties showed that the recognition rate was the highest 
when the input vector consisted of all 18 features and the 
recognition rates of the five rice seed varieties were 96%, 97%, 
91%, 94%, and 90%, and the average recognition rate was 94%. 

Although the presented method was proven to have extremely 
good performance, some of the techniques used in this study are in 
the developing phase but not mature yet, such as the point cloud of 
rice seeds; so, further research is needed, which will be the subject 
of our future work. 
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