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Abstract: Aiming at the phenomenon that the existing shallot harvester cannot realize the automatic operation in the harvesting
process of green onion, a navigation path acquisition method of green onion harvester is proposed, which is applied to the
automatic driving of the shallot harvester. Firstly, the original image is grayed by G-R algorithm, and then the gray image is
segmented by maximum inter-class variance method to obtain binaryized image; secondly, the morphological operation is applied
to the binary map for noise reduction processing and hole filling to obtain the green onion ridge with good connectivity; then,
according to the geometric characteristics of the green onion ridge, the left and right edge feature points of the green onion ridge
are detected, and the midpoint of the left and right edge feature points is taken as the navigation key point; finally, the navigation
key point is fitted with the least squares method. Gets the navigation line for the green onion ridge. Experimental results show
that the proposed algorithm takes about 71ms to process an image with a resolution of 450 pixels and 330 pixels, and the average
error angle of the navigation line is 0.649°. The algorithm can accurately and quickly extract the navigation line of the green
onion ridge, and can provide accurate navigation information for the automatic driving of the green onion harvester.
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navigation.

China has a long history of green onion cultivation and is To summarize the existing research, the existing research
the world's largest producer and exporter of green onions [1]. on the acquisition method of farmland navigation path mainly
The green onion industry has become a pillar industry in some focuses on agrlcultural machmqy such as rice and corn, Whﬂe
regions of China to promote the sustainable development of the navigation path acquisition method fqr green onion
rural economy and a major economic source to increase harvester has not b.een repoyted: In view of th1§ .srruatlon,' this
farmers' income [2]. The cultivation of green onions requires Paper proposes a Vlsual' navigation path acquisition algprlthm
multiple production links, and the harvesting of green onions for green onion harvesting operations. After preprocessing the
is the most important part of the green onion industry. image, the hples in the onion ridge are ﬁll‘ed, and based on the
Harvesting requires more labor, and the quality of harvesting geometric dnfference between the. onion ridge and other areas,
determines the final quality of green onions [3]. the left and right edge fegture points of the green onion ridge

In order to further promote the high-quality development are ext.racted, the midpoint pf the left and right edge feature
of the green onion industry, we must vigorously develop the ~ Points is used as the key point, and the least squares method
mechanization and intelligent harvesting technology of green is used to fit to obtain the green onion ridge navigation line.

onions. Automatic driving during the operation of the green

onion harvester is one of the key technologies to realize the 2. Image Preprocessmg

intelligent harvesting of green onions. At present, the Green onion information and soil background are included
navigation methods used in automatic driving of agricultural in the acquired green onion color image, as shown in Figure
mac.hinfzry mainly includq glob'al. satellite': nayigation [4], liQar 1. Color pictures are essentially three-dimensional matrix, the
navigation [5] and machine vision navigation [6]. Machine information content is too large, in order to improve the speed
vision pav1gat10n 18 legs eXpensive than the other two of operation, reduce the impact of interference information, it
navigation methods and is suitable for complex agricultural is necessary to preprocess the original image collected. Image
environrpents [7-8]. Therefore, n}aphine visiqn navigation is preprocessing mainly includes grayscale processing, binary
more suitable for autonomous driving scenarios where green processing and morphological processing of images. The
onions are harvested. He Yong et al. [9] proposed a deep color space of the original image acquired is the RGB color
leaming model MobileV2-UN§t for paddy area segmentatipn, space, and other color spaces need to be converted from the
which uses frame-correlation and random  sampling RGB color space. In order to avoid image distortion and
consensus algorithms to detect boundary lines, and realizes reduce operation time during color space conversion, this
the automatic detection of paddy boundary lines. Yang Yang paper uses RGB color space to preprocess images.

et al. [10] proposed a dynamic ROI (Region of Interest, ROI)
region division algorithm for plant protection machine wheels
walking between corn rows, and extracted navigation lines in
the dynamic ROI region for real-time extraction of navigation
lines between corn rows. Liao Juan et al. [11] proposed a
seedling row centerline extraction based on sub-regional
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2.1. Image grayscale

As a green plant, the value of the G component of green
onions is much higher than that of the R component and the
B component. The color of the soil part is brown, and the
values of the three components of R, G and B are not much
different. In order to better separate the green onion and soil
background, it is necessary to select an image grayscale
processing method that can increase the weight of the G
component. Therefore, this paper uses the G-R algorithm to
grayscale the original image.

Figure 2. Grayscale image

2.2. Image binarization

F The purpose of the binarization of the image is to separate
the green onion information from the soil background.
Among the existing image segmentation methods, threshold
segmentation is simpler and more efficient than other image
segmentation methods [12]. In this paper, the maximum
between-class variance method that can automatically
calculate the threshold is used to binarize the grayscale map.
The obtained binary plot is shown in Figure 3, which shows
that the threshold segmentation algorithm can better realize
the segmentation of green onions and land background.
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Figure 3. Binary image

2.3. Image morphological processing

The binary plot obtained by threshold segmentation
contains a lot of noise and holes. If these interference
information is not removed, direct detection of edge
information will not only increase the operation time, but also
interfere with the calculation results, which will affect the
real-time and accuracy of the entire system. Morphological
processing of the image removes noise and fills holes. After
performing a closed operation and a morphological opening
operation on Figure 3, the results are shown in Figure 4. From
the figure, it can be seen that most of the small area noise is
cleared, and the connectivity of the green onion ridge area is
good.

Figure 4. Morphological image

3. Navigation Line Extraction

Since green onions are planted in rows, the line segments
that run through the rhizome of each crop serve as its
navigation line. But the rhizome of green onions is difficult to
detect. From the growth characteristics of green onions, it can
be seen that the center of the green onion ridge is close to the
rhizome position of green onion. Therefore, the midpoint of
the green onion ridge can be used as the key point for
navigation line extraction. The midpoint of the green onion
ridge can be obtained based on the edge information of the
green onion ridge, and then the navigation line can be
extracted. Therefore, the detection of onion ridge edge
information is a necessary prerequisite for obtaining
navigation lines.



3.1. Navigation keypoint extraction based on
edge features

The traditional extraction algorithm of crop row navigation
key points is mostly based on the overall edge information of
crops [13]. This method of extracting navigation keys based
on the overall edge information of the crop is easily affected
by irregular leaf growth, resulting in the extraction of key
points deviating from the center of the ridge row and cannot
be directly applied to the fitting of the navigation line [14].

In view of the above shortcomings, this paper proposes a
method for detecting the edge of green onion ridges based on
geometric differences. The irregularly growing leaves of
green onions are much smaller than the ridges in lateral width.
Therefore, the edge of the black fragment with the largest
width value in each row in the image is the edge of the green
onion ridge. Green onion ridges can be detected by comparing
the widths of all black fragments in each row, and the edge
information of the green onion ridges can be extracted. The
specific algorithm steps are as follows:

1)Scan the preprocessed image row by row, and store all
the column coordinates with pixel values of 0 in the picture in
list L by row, that is, the column coordinates with pixel values
of 0 in row i are stored in the sublist L[i] of list L.

2) Detect the elements of list L by row, and classify the
elements in the sublist L [i] of list L with a numerical
difference equal to 1 as a class. Store the set of elements of
the same category in the sublist L[i] as a list to the sublist Q[i]
in list Q.

3) Detect the elements of list Q by rows, calculate the
length of all sublists in list Q[i] and add the index of the sublist
with the largest length to the list index in Q[i], then the longest
sublist in list Q[i] can be represented as Q[i][index[i]].

4) The information stored in the list Q[i][index[i]] is the
column coordinates of the green onion ridge. The first
element (Q[i][index[i]][0]) is the left-edge feature column
coordinate of row i, and the last element (QJ[i][index[i]][-1])
is the right-edge feature point column coordinate of row i.
Q[i][index[i]][0] and Q[i][index[i]][-1] are added to Listing B
by row, then the left edge feature point coordinates of the
onion ridge are (i,B[i][i][0]), then the right edge feature point
coordinates of the green onion ridge are (i,B[i][1]).

5) Take the midpoint of the left and right edge feature
points of the green onion ridge as the navigation key point.

Traversing each line of the image is computationally
intensive, reducing real-time. Therefore, this paper extracts
navigation key points every 10 lines, which improves the real-
time detection under the premise of ensuring accuracy.

3.2.Navigation Line Extraction

The coordinate information of the navigation key points
has been determined above, and it can be fitted to a straight
line to extract the green onion ridge navigation line. Common
straight-line fitting methods Hough transform [15], RANSAC
algorithm [16], least squares method [17]. The Hough
transform can fit multiple straight lines at the same time,
which is more suitable for the extraction of navigation lines
for multi-ridged crops. The RANSAC algorithm is not
affected by outliers, but the accuracy is affected by the
number of iterations and the operation time is long. Compared
with the Hough transform and RANSAC algorithm, the least
squares method has high fitting accuracy and fast speed,
which is more suitable for the set of navigation key points
with small error extracted in this paper. Therefore, the least
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squares method is used to fit the extracted navigation keys in
a straight line.

4. Application and Analysis of New
Algorithms

4.1. Comparison of navigation key extraction
algorithms

The traditional navigation key point extraction algorithm
first extracts the overall edge information of the crop by edge
detection of the preprocessed image through the edge
detection operator, then detects all the edge points of the crop
by row, and finally takes the mean point of all the edge points
of the row as the navigation key. According to the geometric
features of the green onion ridge, the algorithm extracts the
left and right edge feature points of the green onion ridge on
the preprocessed image, and then takes the midpoint of the
left and right edge feature points of the green onion ridge as
the navigation key. Two different algorithms are used to
extract navigation key points from the same image, and the
navigation key extraction results are compared and analyzed.

The traditional navigation row key extraction algorithm
takes 45 milliseconds to process an image with a resolution of
450 pixels x 330 pixels, and the result is shown in Figure 5.
The navigation row key extraction algorithm in this paper
takes 40 milliseconds to process an image with a resolution of
450 pixels x 330 pixels, and the results are shown in Figure 6.

results

Figure 6. This article algorithmically navigates key points to
extract the results

From Figure 5 and 6, it can be intuitively seen that the



navigation key points extracted by the traditional algorithm
are significantly deviated from the center of the green onion
ridge, while the navigation key points extracted by the
algorithm in this paper have a small deviation from the center
of the green onion ridge. Compared with the traditional
navigation key extraction algorithm, the proposed algorithm
can reduce the influence of irregular growth leaves, and the
extracted navigation key points are more accurate and can be
directly applied to the extraction of navigation lines. At the
same time, compared with the traditional algorithm, the
proposed algorithm does not significantly increase the time
consumption, and will not adversely affect the real-time
performance of the entire system.

4.2. Comparison of navigation line
extraction algorithms

The Hough transform controls the straight-line fitting
results of navigation keys through three parameters: polar
distance resolution, polar angle resolution, and accumulation
threshold. To improve the accuracy of straight-line fitting, set
the polar distance resolution to 1 pixel and the polar angle
resolution to Irad. The accumulation threshold is used to
determine the number of straight lines fitted, and when the
accumulation threshold is too small, multiple straight lines are
fitted, which is not conducive to the extraction of navigation
parameters. It is known through experiments that when the
accumulation threshold is greater than 94 and less than 99, a
straight line is fitted. Therefore, set the accumulation
threshold to 95. The results of the Hough transform
navigation line extraction are shown in Figure 7.

e
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Figure 7. Hough transforms navigation lines to extract
results

The RANSAC algorithm is a learning technique that
estimates model parameters by randomly sampling the
observed data. First, two random points are selected from the
set of navigation keys for parameter estimation. The
estimation model is then tested with all navigation keys. By
continuously establishing hypotheses and testing iterations,
the optimal straight line is obtained. The parameters of the
RANSAC algorithm are set as follows: success probability P
= 0.99, total data n=65, acceptable difference between data
and model Sigma = 0.1, let w represent the probability of
selecting an interior point each time a point is selected (w is
the number of inside points divided by the total number of
points). Number of iterations:

K=(log(1-P))/(log(1-w”n)) . (D
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The navigation line extraction results of the RANSAC
algorithm are shown in Figure 8.

Figure 8. The results of the navigation line extraction by the
RANSAC method

Compared with the above two algorithms, the least squares
method is a relatively simple straight-line fitting method.
When using the least squares method for line fitting,
parameter settings are not necessary. Therefore, the
navigation line extraction results are only related to the
navigation key points. The results of the least squares
navigation line extraction are shown in Figure 9.

Figure 9. Least squares navigation line extraction results

In order to judge the accuracy of the extracted navigation
lines, this paper uses the manually drawn center line of the
green onion ridge as the reference standard. The angle
between the extracted navigation line and the manually drawn
center line of the green onion ridge is the error angle extracted
by the navigation line, and when the error angle is less than
5°, the extracted navigation line can meet the requirements of
accurate navigation. From Figure 7, 8§ and 9, it can be
intuitively seen that the navigation lines extracted by applying
the least squares method are significantly better than the other
two algorithms.

In order to further verify the advantages of least squares
method, this paper uses least squares method, Hough
transform, and RANSAC algorithm to extract navigation
lines from 50 images, and compares and analyzes the
navigation lines extracted by the three algorithms, and the
results are shown in Table 1. Compared with the Hough



transform, the error angle of the navigation line extracted by
the least squares method is reduced by 1.478°, and the time
consumption is reduced by 17ms. Compared with the
RANSAC algorithm, the error angle of the navigation line
extracted by the least squares method is reduced by 4.379°,
and the time consumption is reduced by 6lms. The
experimental results show that the least squares method is
superior to the other two algorithms in terms of navigation
accuracy and real-time performance.

Table 1. Comparison of error angles and time consumption of
different algorithms

Average
. Average time
Algorithm . Number of error consumption
name images/(frame) angle/(°) per
frame/(ms)
Hough 50 2.127 88
transform
RANSAC 50 5.028 132
algorithm
Least 50 0.649 71
squares

5. Conclusion

1) The original image was preprocessed by G-R algorithm,
maximum between-class variance method and image
morphological operation, and the green onion ridges with
good connectivity were successfully separated from the soil
background.

2) Aiming at the shortcomings of the traditional navigation
key point extraction algorithm, a navigation key extraction
algorithm based on the edge features of the verdant edge is
proposed. The algorithm can eliminate the influence of
irregular growth leaves and weeds, and there are no outliers
in the set of extracted navigation key points, which can be
directly applied to the extraction of navigation lines without
the culling of outliers. Then, the least squares method is
applied to fit the navigation key points in a straight line to
obtain the green onion ridge navigation line.

3) The application and comparative analysis of the new
algorithm show that the new algorithm takes about 71ms to
process an image with a resolution of 450 pixels % 330 pixels,
and the average error angle of navigation lines is 0.649°.
Compared with the traditional method, the algorithm has high
accuracy and good real-time performance, which can provide
more reliable visual navigation information for green onion
harvesting operations.
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