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Abstract

This paper introduces a new detection algorithm to calculate the maize kernel row number
automatically. The algorithm is based on convex characteristics of the ear cross section.
The convex hull of the contour of an ear crosssection is the same as that of the
cross section itself. We use an improved 2-d OTSU algorithm as the threshold segmentation
algorithm to obtain the binary image of the ear cross section and its exact contour.
Afterward we adopt Quickhull algorithm to calculate the convex hull of the contour and fill
it with the pixel value the same as that of the ear cross section. The binary image of the ear
cross section is subtracted from the convex hull image to obtain the convex deficiency
image, the connected component of which is labeled to achieve the number of the kernel
row. Particularly, a new hybrid optimization algorithm is introduced to the image
segmentation. By experiments, we detected 500 samples. The one-sample detection time
was 0.427s and the precision rate was 100%. The algorithm proposed can reach the results
more quickly and more accurately.

Key words: MAIZE KERNEL ROW NUMBER, AUTOMATIC DETECTION, CONVEX
HULL, HYBRID OPTIMIZATION ALGORITHM, THRESHOLD SEGMENTATION,
CONNECTED COMPONENT.

Introduction
Maize is almost grown on every

for the increasment of maize yield. In other
words, the quality of maize seeds directly

continent mainly in temperate latitudes (40
degrees North to 50 degrees South), except
Antarctica. It is a multipurpose crop used for
food, feed and industrial materials. Besides,
maize production plays an important role in
food production and food security in the world.
Dai Jingrui, Chinese Academy of engineering,
explained that breeding new varieties of maize
accounts for 40 to 50 percent of all the factors

relates to the yield and quality of maize.
However, breeding new varieties of maize
needs a great quantity of high quality seeds. [1,
2]

The kernel row number is one of the
maize’s important agronomic characters.
Maize with different varieties has different
kernel row numbers. But the kernel row
numbers of maize with the same variety
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would differ if provided different growth
conditions. Accurately calculating the
kernel row number is very important for
maize breeding, -cultivation and new
variety DUS testing (DUS: Distinctness,
Uniformity and Uniformity). [3, 4, 5]

In the main producing district around
world, the age of artificial counting is
gradually replaced. However, the existing
automatic detection algorithms on kernel row
number using the method belonging to image
processing or machine vision are sort of
shortage. For example, in an ear cross section
image, distances between points on its outer
contour and its mass center are different. The
kernel row number can be calculated by
determining the number of minimum values or
maximum values of the distances. This
algorithm  reported usually need huge
computation and its accuracy was over 90%
when testing. Another algorithm reported
utilized the method of egde labeling and
discrete curvature calculation which had an
accuracy above 90% when testing. Generally,
the utilization of the ear cross section’s shape
features determines the algorithm’s speed and
accuracy. [6, 7]

This paper introduces a new kernel row
number detection algorithm to overcome the
disadvantages of the existing methods. We
found that a maize ear cross section image has
convex characteristics. Find the convex hull
image of the ear cross section. And subtracting
the ear cross section from the convex hull
image is able to obtain the kernel gap image
showing the gaps between any two adjacent
kernels. The number of kernel gaps is the
number of the kernel row itself. Finally, the
connected component of the kernel gap image
can be labeled to achieve the number of the
kernel row. This algorithm is based on the
convex characteristics of the ear cross section,
uses the convex hull algorithm and an
improved image segmentation algorithm, and
takes advantage of the connected component
operation. This original approach and effective
algorithm can make the kernel row number
detection quicker and more accurate.

Theoretical analysis and algorithm
design

Put a maize ear cross section on the
black background. Let the ring light illuminate
the maize ear. The camera is fixed in the center
of the ring light and captures the maize ear

cross section image. The original maize ear
cross section image is shown in figure 1.

Figure 1. Original image of a maize ear cross
section

Contour feature image of the ear cross
section is achieved by separating the ear cross
section from the background using the image
segmentation algorithm. Firstly, transform the
original ear cross section image to gray image
in order to reduce the image data amount when
processing. Secondly, a combination algorithm
with median filter algorithm and wiener
filtering algorithm is utilized to undo noise in
the gray image. Thirdly, we use the 2-
dimensional OTSU algorithm to split the
image, keep the background black (pixel value
equaling to 0), and fill the edge and the inner
part with white color (pixel value equaling to
1). After completing these steps, we get the
binary contour feature image of the ear cross
section, shown in figure 2.

(@) Contour feature image (b) Edge line

Figure 2. Contour feature image of the ear cross
section

According to the concept of convex
hull, In mathematics, in a real vector space V ,
C is a given set. The convex hull or convex
envelope of the set C is the smallest convex
set S which contains C .
S= N K 1)

CcKgVv
K is convex

The convex hull of the set C can be
formed by a linear combination of all its points

(c..C,,Cy,..., C,) . See formula 2.

152

© Metallurgical and Mining Industry, 2015, No. 3



Engineering design

S :{zn:tjcj |c; eC,Zn:tj =1t . €[0,1} (2
=l i1

In the Euclidean plane, if and only if
the segment PQ belongs to the set S when

both Point P and Point Q belong to S, the set
S is convex. Or a set of points is defined to be
convex if it contains the line segments
connecting each pair of its points. In other
words, when C is a bounded subset of the

plane, the convex hull S may be visualized as
the shape formed by a rubber band stretched

around C. [8]

To calculate the convex hull image of
figure 2 is to find a convex hull of the ear cross
section, which is a convex polygon enclosing
all pixels of the ear cross section (in figure 3),
and to fill the convex polygon with the value 0,
which is the value of the pixels in the ear cross
section. Actually, from the characteristics of
convex hull, the convex hull of the ear cross
section is the same with the convex hull of its
edge. The edge of the ear cross section is in
figure 2(b). Therefore, we can calculate the
convex hull image of figure 2(b) instead,
which is able to reduce computation points and
save operation time.

Figure 3. Convex characteristics of the ear cross
section

2-dimensional Quick Hull algorithm is
known for computing the convex hull for a
finite set of points in Euclidean plane. It uses a
divide and conquer approach. Its average case
complexity is considered to be O(nlog(n)),
whereas in the worst case it approximately
equals to O(n?). Suppose the set of pixels on
the edge line in figure 2(b) is denoted as the set
C, and the set of pixels on the convex hull of
C is denoted as the set S. The algorithm for
this problem can be broken down to the
following steps: [9, 10, 11]

(1) Find two points with minimum and
maximum X coordinates, denoted by N, and

N, . Those are bound to be on the convex hull.

(2) Use the line connecting N, and
N, to divide the set C in two subsets of
points, C, and C,. Judging every point
belonging to C isin C, or C, by traversing
method.

(3) Determine the point, on one side of
the line (or in C,), with the maximum distance

from the line. Denote the point by P,. The

three points N,,N,and P, form a triangle.

The points inside of this triangle can not be
part of the convex hull and can be ignored in
the next steps.

(4) For the points N,and P,, repeat

step 2 to step 3. For the points N,and P,

repeat step 2 to step 3. This step will be
processed recursively. Until no more points are
left, the recursion has come to an end.

(5) All the points that are used to form
the judging triangles are the vertexes of the
convex hull. The convex hull of C can be
achieved by connecting all the vertexes.

Theoretically, the complexity of this
Quick Hull algorithm is to be O(mlog(n)),

where n is the pixels’ number of the edge in
figure 2(b) and m is the vertexes’ number of
the convex hull. Find the convex hull image of
the ear cross section edge, and fill the inside
part of the convex hull with the value which is
the same as that of the pixels in the ear cross
section. Figure 4 shows the result.

Figure 4. Convex hull image of the ear cross
section

Subtracting figure 2(a) from figure 4,
we obtain figure 5, convex deficiency image of
the ear cross section. The white districts are
defined as connected component. Obviously,
the white parts with large area are gaps
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between any adjacent kernels. According to the
characteristic of ear cross section, the gap
number is equal to the kernel number or the
kernel row number. However there are many
other white parts with very tiny area.

The tiny white districts in figure 5 are
formed because of the rough and uneven
surfaces of the kernels. Here we use a

threshold value A. If the area of a white

district is less than A, the white district must

be eliminated by assigning the value of every
pixel in the district to be zero. Therefore we
have to label each white part and delete the

domain whose area is less than A .

Figure 5. Convex deficiency image of the ear cross
section

The following steps explain the
algorithm in detail. [12, 13, 14, 15]

(1) Scanning the input binary image
progressively. Continuous pixels with white
color are formed a sequence, which is called a
Run. Record the coordinate of start point, the
coordinate of end point and the row number.
Label the Run use a integer number starting at
1.

(2) Use i to represent the image row
under scanning. Suppose a Run belonging to
Row i (i>1). The overlap judgement is based
on comparing the 8-Neighbor
points of the center pixel.

(i) If there are no overlap domains
between the Run under labeling and the Runs
in Row 1—1, denote the Run under labeling by
a new number.

(ii) If there is only one Run in Row
i—1 overlapping the Run under labeling,
denote the Run under labeling by the mark of
the overlapping one.

(iii) If there are more than one Run in
Row i—1 overlapping the Run under labeling,
denote the Run under labeling by the minimum
number which represents one of the
overlapping Runs in Row i—1. Furthermore,

write the marks of the overlapping Runs as
equal - label list to declare that these Runs are
connected.

(3) Transform the equal - label lists
into equal - label sequences. Relabel the Run
represented by the labels in a equal - label
sequence with the smallest number in the
sequence because all the Runs label ed by the
sequence are connected.

(4) Calculate the areas of the labeled
Runs one by one. Denote one-twentieth the
difference between maximum area and

minimum area by A. Traverse all the labeled

Runs. If the Run has an area less than A,

eliminate the Run label and make all its pixels’
value to be zero. Otherwise, retain the Run
and relabel it using a number after the former
Run.

Completing the steps above, the
connected component who has an area less

than A is eliminated from the image, shown

in figure 6. Meanwhile, all the connected
components left are labeled. The kernel row
number is the maximum label number of the
connected components.

Figure 6. Kernel gaps in the convex deficiency
image

To sum up, the entire process of the
kernel row number automatic detection can be
illustrated by figure 7.
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Figure 7. Flow chart of kernel row number
automatic detection

The most important step is the image
segmentation. The reason is that the image
segmentation, which is design to obtain the
contour image of the ear cross section, is the
key to calculate the following convex hull
image. Besides, if the image segmentation is
inaccurate, it’s almost impossibility to achieve
the true kernel gaps image by calculating the
convex deficiency image. Therefore the image
segmentation algrithm determines the success
or failur of the kernel row number automatic
detection. In this paper, we proposed a new
hybrid optimization algorithm to improve the
2-d OTSU image segmentation algorithm,
which will be introduced in section 3.

Image segmentation algorithm

In image processing, OTSU algorithm
is an automatic algorithm used to perform
clustering-based image threshold. It can reduce
a gray level image to a binary image. The
algorithm assumes that the image contains two
classes of pixels following bi-modal histogram,
which are foreground pixels and background
pixels. It is to calculate the optimum threshold
in order to separate the two classes so that their
intra-class variance is minimal. However,
traditional OTSU has a sensitive-to-noise
shortcoming. 2-d OTSU algorithm was
proposed to overcome the disadvantage. It

utilizes both the gray level information and the
spatial correlation information within the
neighborhood of each pixel. Therefore 2-d
OTSU has a powerful anti-noise ability. [16,
17]

Suppose the size of the image in pixel
is M xN . Use function F(X,Yy)to represent
the image, and its gray level is L. Therefore,
1<x<Mand 1<y<N. Calculate the mean
gray value ina rxr region of each pixel to
form a smooth image denoted by G(X,Y),
which has the same gray level value L.
Assume that Num; is the number of positions

where both Pixels with gray level value i in
F(x,y) and Pixels with gray level value jin

G(x,y) lie. Num; can be calculated using
formula 3.

Num;

=2 SIF(x,y)~ilo[G(x, y)~ i @)
x=1 y=1

x=012,..,L-1

y=0,12,.,L-1

And then the probability P,of i and ]

appearing together can be calculated by
formula 4.

Num
TTMN
-1 L-1 (4)
P, <1, P =1
i=0 j=0

Suppose the threshold vector (s,t)

separate 2-dimensional histogram into 4 parts.
For the background pixels and the pixels inside
the target image, their gray level values are
similar as their neighbor mean gray values.
Whereas, for the edge pixels of the target, their
gray level values and their neighbor mean
gray values have a big difference. Assume
there are two classes O and B, representing
the target and the background. These two
classes have different probability density

function, written as P,(s,t) and P;(s,t).
Then the mean vector of Class O, Class B

and the 2-dimensional histogram itself are
denoted relatively by formula 5.
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T

Ho (S:1) =[00 (S,1), Hog (S, 1)]
Hg (5,1) = [ (3,1), g (S, )T (5)
=l (s, 1) s (s 0)'T

Therefore the separation matrix of O
and B is able to calculated by formula 6.

S(5,t) = Py (8,0 o (8,1) — 21t (5,8) — el + P (5. )ty (8,) — pal atg (5,1) — e’ ©)

Define the summation of
all elements on the primary diagonal is the
trace of the matrix S(s,t), written as

Tr[S(s,t)]_ The trace of the matrix S(S’t),
can be used to measure the

separability between Class O and Class B.
Finally, the  segmentation criterion to
determine the most suitable threshold is given

by formula 7, which means that [Sbest’tbest]
belongs to the set of arguments which
maximize the absolute value of function
Tr[S(s,1)]

[Sbest ' tbest] = arg li?g_)fllipg'_)_(l | Tr[S (31 t)] |

Traditional method to solve formula 7
is enumeration method. Though it is able to
help us get an accurate result, its

4
computing complexity o(L) is extremely
high. Most of the present methods trying to
reduce the computing complexity are
exchanging accuracy for speed. This paper
proposed a new hybrid optimization algorithm
which is based on Gene Algorithm(GA),
inserting Particle Swarm Optimization(PSO)
and Simulated Annealing Algorithm(SAA)
when choosing new gene groups. This
algorithm combining the advantages of these
three algorithms can reduce the calculation
time with a computing complexity no more

2
than o(L) without sacrificing the accuracy.
The flow chart of the entire algorithm is in
figure 8.

Initialization:

Determine the encoding principle

Set the initial temperature

Generate the initial population randomly

Calculate the individual fitness in the
population under processing

!

Reserve the individual
with the best fitness

GA |
' Whether the termination
condition is achieved?

Generate new population according | i
to the individual fitness

.

Generate new population by cross
operation

Generate new population by mutation
operation

___________________________________________

Calculate the speed of every individual |4|—

Calculate
the new solution of every individual

Calculate the difference between
the new and old individual fitness

!

Accept the new solution according to
Metropolis rule to generate new
population

Figure 8. Flow chart of the hybrid optimization
algorithm

156

© Metallurgical and Mining Industry, 2015, No. 3



Engineering design

The important points requiring further
discussion are as follows. [18, 19, 20, 21]

(1) Encoding principle

Float-point encoding is adopted in this
paper. That is, the gene of every individual is
represented by a floating point number with a
fixed value range. This encoding method is
suitable for a wide range searching and is able
to find results with high accuracy. For this
problem the chromosome is constructed as

X =[stl  \whose length is 2. Seeing in
formula 7, 1<S< L—l and 1<t< L—l

(2) Fitness function

The fitness function plays an very
important  role when generating new
population according to the individual fitness.
GA requires that the fitness function can get a
positive result for the practical input
parameters. For 2-d OTSU algorithm of the
image segmentation, the object is to find the

best values of S and t which can maximize

the absolute value of Tr[S(s,t)]' Therefore,
the fitness function is defined as formula 8.
C(s,t) =| THS(s,1)]| ®)

(3) Termination condition

Usually, the termination condition of
GA is that the maximum fitness or average
fitness reaches a steady state or has a very tiny
increasment which is set as the judgment value

within the scope of the iteration. Suppose Ny
is the total number of iterations and Ny
9) represents the iteration

being handled. Moreover, we use MP°P to
represent the gene number in a population and

Pop,, (X4 Xpgzs X X )t

ngl? “*ng2?* “*ng3? " “ ¥ ngM

adopt

pop

0]

maxn,

denote the ngth population. s is the

. . . n .
maximum fitness in the " 9th population and
1

max ng -1

. . . . n, —
is the maximum fitness in the (¢

)th population. We set a very tiny value C enosen

as the judgment value, which is fixed as 0.001
from the real situation in this paper. The
termination condition for the problem here is

-C <C

9
(4) Calculation of the speed for every
individual

maxn, maxng —1 chosen

set as

According to the principle of PSO
algorithm, we set the size of the particle swarm

the same as the size M op of the population in
GA. The dimensions of a single particle is 2-d
on account of the variables number in formula

7. Adopt Xop :[S”p’t”p] to represent the npth

=[v

. v v
particle and """ oot Vipe to represent the

n L
speed of the Pth particle in the swarm under

handling. Then the N, th swarm can be written

a8 Swmng(anl,anz,ana,...,anMpop). We

know for the "oth swarm, <~ Xu (

<ji<
l<is |vlpop). Assume the best position of a

particle in the swarm under handling is

Pro =[Pop1: Py ] and the global best position
of a particle is written as Po =[Py, ng]'
Therefore, for every single particle the speed
will change as the formula 9.
Vo =V, +a xrand()x (P, — X))
+a, xrand()x (P, — X,) ©)
In formula 9, & and 2, two non-
negative numbers, are accelerated factors.

Usually 0<a <4 and 0<a,<4

choose & =% =2 e sign rand() represents
the random function whose value belongs to
[0,1].

a

. Here we

(5) Calculation of the new solution for
every individual

Complying with the PSO algorithm,
the new solution of each particle in the swarm
under handling can be calculated according to
formula 10.

x'np = Xop +Vip (10)

(6) The rules of accepting the new
solution for every individual in SAA

Metropolis proposed a method to
accept a new value for a variable by a certain

probability. For this problem, assume E is the
internal energy at temperature T . The old state

.. X
of a particle is "™, and the new state of the

.o X! .
particle is ~ " . When the state of the particle

Xop changes to X“P, its internal energy
changes to E +AE correspondingly. Thus, we
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should  suppose E =—C(xy)
AE :C(xnp)—C(x‘np). if AE <0 X'

and

"is
X! . .

accepted. Otherwise = " will be accepted in a

probability P =€"""" \where K is the
Boltzmann constant.
(7)  Generate  new
according to the individual fitness
In this step, the particles in the swarm

population

under handling have become the retained Xop

and the accepted X' in a certain probability.

However, the new population POP (.- of
the ngth iteration is asked for a further
operation. Putting all the particles of

SWM'og (.-.) and all the genes of PPy ()
together, we obtain 2Mp°p individuals.
Calculate the fitness of every individual and

M
choose the best ~* P ones to generate the new

. Pop' (... .
population 0p”9( ).Then the following
cross operation and mutation operation are

based on the population Pop'y, () .

Experimental Verification

To verify the improvement of the
detection algorithm proposed by this article,
500 original image of ear cross section were
detected. The final statistic results of
experiments are listed in table 1. And the
average detection time of an ear was 0.427s
and the precision rate was 100%.

Table 1. Statistic result of experiments

Sample Precision Average
number rate running time
500 100% 0.427s

In comparision, we have detected the
500 samples using a former automatic
algorithm by calculating the distances between
the edge and the mass center of the ear cross
section and counting the number of minimum
values of the distances. The precision rate of
the former algorithm was only 98.22%, less
than that of this algorithm. Besides, the
average running time of the former algorithm
was 2.434s, more than 5 times that of this
algorithm.

Conclusions

This paper introduced a new detection
algorithm to automatically calculate the kernel
row number. We proposed a new threshold
segmentation method which introduced a
hybrid optimization algorithm into 2-d OTSU
to obtain the binary contour feature image of
an ear cross section. This hybrid optimization
algorithm was based on Gene Algorithm (GA).
When choosing new gene groups, it inserted
Particle Swarm Optimization (PSO) and
Simulated Annealing Algorithm  (SAA).
According to the characteristics of convex hull,
we obtained the convex hull image of the ear
cross section by calculating the convex hull of
the contour of the section with the two-
dimension Quickhull algorithm. The kernel
gap image showing the gaps between any two
adjacent kernels was achieved by subtracting
the ear cross section from the convex hull
image. The tiny districts in kernel gap image
which were formed from the rough and uneven
surfaces of the kernels were eliminated using
the connected component labeling method.
During the method, we labeled each kernel gap
and deleted the domain whose area was less
than a determinate tiny threshold. Finally we
detected kernel row numbers of 500 samples to
examine the entire algorithm designed in this
paper. In comparison, we also detected the
same 500 samples using a former popular
automatic algorithm whose precision rate was
98.22% and average running time was 2.434s.
However, using the algorithm in this paper, the
average detection time of a sample was 0.427s
and the precision rate was 100%. The statistic
results indicated that the algorithm proposed in
this paper was more accurate and had a higher
speed.
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