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Identification and location of grapevine sucker based on

information fusion of 2D laser scanner and machine vision
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(1. School of Technology, Beijing Forestry University, Beijing 100083, China;
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Abstract: Chemical sucker control has been proven to be a more efficient method than manual and mechanical removals. The
quick and effective identification and location of suckers are key technologies for targeted spray that can reduce chemical
applications and alleviate potential problems. The goal of this research was to improve the accuracy of identification and
location algorithm of grapevine suckers for real-time mobile targeted spray based on information fusion of two dimensional (2D)
laser scanner and camera machine vision. A triangle white calibration board was used to determine the invisible laser
scanning line. The positions of the terminated points of the scanning line on the calibration board in the laser scanner’s
coordinates were calculated. Suckers size and center location were obtained by ExGExXR segmentation, then the relative
position between the suckers and triangle calibration board was determined in the image coordinates. Eventually, the actual
size and relative position between the identified suckers and the platform were calculated by integrating the laser line and image
information. The results of the field trials showed that the consumed time of the developed algorithm was 0.787 s, the width

recognition rate 91.8%, height recognition rate 88.2%, and the relative position accuracies 92.0%, 87.3%, which could meet the

requirement of grapevine sucker precision targeted spray.
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1 Introduction

Grapevine suckers are nonbearing shoots canes or
limbs that grow up from the rootstock area of grapevine

trunk!"! (Figure 1). The overdeveloped suckers snatch
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plant nutrition and will result in barren soil, which
increase the possibility of being attacked from pathogen.
Suckers are able to grow repeatedly during a season and
must be removed to ensure that the grape can obtain

enough nutrients, and avoid the interference of other

types of orchard operations.
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Figure 1 Grapevine suckers
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Manual removal, mechanical removal and chemical
control are the main sucker control treatments. Manual
removal is to cut suckers off by using sharp knife-like
tools. Although this method can completely remove
suckers and cause fewer damages on grapes, it is
time-consuming and costly. Mechanical removal is
more efficient than manual removal, it remove suckers by
using whip-like tools installed on a rotating head, which
may cause damage to small grape and scrape the bark on
the trunk. In addition, some suckers cannot be cleanly
removed and the new suckers will grow later from the
leaving stubs'.

In order to find a more effective method for sucker
removal, many chemical control methods have been
researched in the past decades.

(NAA)® and Paclobutrazol™ have been proven to be

1-naphthaleneacetic acid

effective methods to control the growth of suckers as a

potential inhibitor. = These attempts made chemical

control an effective alternative and gradually replaced

manual and mechanical removal. But, current spraying

pattern of chemical is non-selective, which wastes

chemicals in the inter-vine non-suckering area.

Targeted spray according to the location and size of
suckers can reduce chemical volume and alleviate the
potential for this precision targeted spay.

Contemporary automation techniques have applied in

different fields, such as agricultural navigation™, crop

[6] ]

. . .. . 7
disease  detection and precision  agriculture!’.

Targeted application based on the size and position of the
crops is one aspect of precision agriculture, the primary

key technology of which is crop identification. Current

crop identification methods include three-dimensional

[8]

reconstruction based on binocular vision*-, and

identification and positioning based on laser and

[9,10]

camera’” . Crop identification based on binocular

11,12

vision is mainly used in fruit picking'""'?, the algorithm

of which is complex and time consuming. Some
attempts for fruit picking'® and weed identification
combined with laser and camera were implemented,
which showed that laser-camera fusion was more
practical than binocular vision'"*.

Identification and location of grapevine suckers for

precision targeted spray is rarely reported so far. This

study conducted some related researches on this aspect.
In the process of image treating, the ExG algorithm is
commonly used, however, it shows a bad segmentation
since it does not take in account of the red component of

suckers and
15]

over-extracted greenness from the
background! And it is very difficult to ensure that all
the scanning laser beams were on the wooden bar in the
field when determining the invisible laser scanning line,
which could reduce the accuracy of the identification and
location. In order to improve the accuracy, a triangle
white calibration board was used to determine the
invisible laser scanning line and Extra-green & Extra-red
(ExGExR) algorithm was used to segment suckers!” in
this research. The goal of this research was to improve
the algorithm accuracy of identification and location
grapevine suckers for feeding sucker information to
precise targeted spray. The research focused on testing
consumed time of algorithm, identification of size and

accuracy of position to evaluate the algorithm.
2 System hardware configurations

The technology of information fusion based on laser
and machine vision was adopted to identify and locate
grapevine suckers.
a notebook computer (Dell E5400, Intel(R) Core(TM) 2
Duo CPU P8700@2.53GHz, 3.45GB RAM), a 2D laser
scanner (SICK LMS511 20100 PRO), a CCD color
camera (DFK 23G618, The Imaging Source, Germany),

The hardware platform consisted of

and a holder, as shown in Figure 2. The laser scanner
and CCD camera were installed on the holder, where the
CCD camera was on the top of the laser scanner. The
laser scanner communicated with the notebook via
Ethernet while the CCD camera interfaced the notebook
computer by USB. The laser scanner was used to obtain
depth information of image; equilateral triangular
calibration plate was used to calibrate the laser scanner,
300 mm;

the image of grapevine sucker and equilateral triangular

as the actual side length of the triangle was

calibration plate was captured by the CCD camera; the
installation angle £ of CCD color camera was controlled
by the holder; data information of the laser scanner and
the CCD color camera was collected simultaneously, and

then the positioning and identification for grapevine sucker



86  March, 2017 Int J Agric & Biol Eng

Open Access at https://www.ijabe.org

Vol. 10 No.2

were conducted with corresponding algorithm.
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Figure 2 Overall design of the system hardware platform

Laptop

3 Identification and location algorithm of

grapevine sucker

3.1 Data processing of 2D laser

Currently, popular commercial available 2D laser
scanners such as SICK LMS 511 PRO (http://www
sickoptic.cim/) UTM-30LX (Hokuyo

Automatic Co., LTD) emit infrared eye-safe invisible laser

and Hokuyo
beam. The wavelength of laser scanner used in the
research is 905 nm. Laser spot is invisible, so that the
laser information cannot correspond to camera
information directly, which makes information fusion
more difficult.

Existing information fusion method based on laser and
camera can be divided into three aspects: 1) take infrared
photos by an infrared camera!'® to make laser point visible
to camera, but it would lose partial color and texture
characteristics, which is not suitable for the identification
of suckers; 2) find laser spot by using silicon cells'”), but
the operation is complex and impacted by ambient light
easily, which could not meet the actual needs in the field; 3)
establish point to line communication by using special
calibration board to fuse laser and camera information,
such as the triangular calibration board'®'?). Establish
communication between laser and camera by matching the
three sides of the triangle in image with distance jump
point when laser scanning the edge of triangle.
Environmental conditions have less influence on this
method and it will not affect the data acquisition of other
device. Outdoor experiments using special calibration
board conducted by Park et al.'” have proven that this
method is more efficient than the other two mentioned

above for identification and location of suckers in the field.

This research presented a method to find laser
scanning line by using triangle as a calibration board that
can reduce time consumption and improve accuracy of the
algorithm. Laser data has different width when the laser
scanning positions at different heights of triangle, then the
laser scanning line could be found. The width of laser
data is the D', (Figure 2).

3.1.1

Laser scanning line determination algorithm is the

Laser scanning line determination algorithm

primary key technology for identification and location of
suckers. By determining laser scanning line, the
information of laser scanner can reflect in the image; that
is to say, find the corresponding pixels of laser scanning
data in the image obtained by camera. Then, determine
the relationship between the image coordination and
world coordination, and finally calculate the relative
position of the calibration board and sucker.

Laser data processing involved obtaining triangle
profile information of laser scanning line, calculating
width of laser scanning line and recording distance
information. Data sequence including distance
information and the corresponding scan angle was sent to
computer after a scan. To avoid interference of other
objects in background, only the data with the measured
distance ranged from 20 mm to 2000 mm were stored in a
two-dimensional array[M].

When extracting triangle profile information of laser
scanning line, the algorithm compared the adjacent
correlation between data points; that is to say, calculated
the distance differences between the data points. There
was large change in distance when laser scanning through

the edge of triangle (Figure 3).

Figure 3

Triangle outline recognition
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In this research, the distance differences of laser
points in one plane were less than 50 mm according to
many experiments. The data point P,, which had a
distance difference more than 100 mm than its previous
three points (P,z.1, Pnr2, Par3) and less than 50 mm than
its following three points (P,;+1, Pur+2, Pnr+3) Wwas
considered as the start point of the n™ scan laser beam on
the triangle calibration board. The laser point P,z (X,
VuL> Znr) Was the starting point with distance R,; and the
scanning angle #,;,. Similarly, calculated the terminate
point P, (X,r, Vnr, zzr) With distance R,z and scan angle

6.z Laser scanning point space coordinates is shown as

Equation (1):
x=R-cos(f)
y=R-sin(0) (1)
z=h

where, R is the laser measurement distance, cm; 6 is the
scanning angle, (°); /; is the height of laser scanner
relative to the ground, cm.

Laser scanning width of the triangle was obtained by

the law of cosines (Figure 2) shown as Equation (2).

D, =R, >+ R, 2R, R, 4c08(6,,~6,.) (2)
where, D, is the laser scanning width of the triangle, cm;
R, 6, are laser scanning distance (cm) and scanning
angle of starting point (°), respectively; Rz, &,z are laser
scanning distance (cm) and scanning angle of terminate
point (°), respectively.

Since the laser scanning boundary point will affect the
calculation of the triangle width, the concept of the virtual
point was introduced. The virtual point is between two
successive scanning laser points that a laser point hits on
the calibration board and another point hits on the
background. As the black open circle shown in Figure 4,
the virtual point P’,; was between the point P,; and P,.
In the study, the triangle calibration board was placed
vertically relative to the laser scanning plane and the laser
scanning  distances of  adjacent

points  were

approximatively equivalent. The calculation of the
virtual point is mainly to calculate the laser scanning

angle of the virtual point shown as Equation (3).

9,§L = Hnl _A_l9
” 3)
er:R = gnm,, A

where, 0',, was virtual scanning angle of the left edge
point of the line n of laser scanning point, (°); 6,; was laser
scanning angle numbered 1 of the line n of laser scanning
point, that is to say, laser scanning angle of the left edge
scanning point, (°); 8’z was virtual scanning angle of the
right edge point of the line n of laser scanning point, (°); m,
was the number of laser scanning point of one laser line on
the triangle calibration board, cm; 6,,,, was laser scanning
angle numbered m, of the line n of laser scanning point,
that is to say, laser scanning angle of the right edge

scanning point, (°); 46 was laser scanning angle resolution,

©)-

Figure 4 Laser scanning virtual point
After the introduction of the virtual point, the laser

scanning width of the triangle D', was calculated as
Equation (4):

D, = \/Rn L2 + Rn R2 - 2Rn LRn R COS(HV: R 9’; L) (4)

cput

Distance of laser to calibration board was defined as

Equation (5):
Dis = Rt R (5)
2
3.2 Camera image processing
3.2.1 Identification algorithm of suckers

Segmentation algorithms based on color feature are
widely used in crop recognition due to the fact that crops
are often rich in color information. By observing in field,
suckers show “green” in early stage and “reddish green” in
later growth. The consumed time of identification
algorithm of suckers had an impact on spraying errors in
the real-time targeted spraying”. If the algorithm takes
too much time, the best spray timing even the suckers may
be missed. Therefore, it is necessary to choose an
effective, simple identification algorithm.

ExGExR algorithm'®! can extract the information of
green crops by considering the green and red features. In
addition, EXGExXR is a linear transformation from R, G,
and B, which can shorten image processing time. The

algorithm was proven to be a suitable algorithm to
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segment suckers''. Thereby, ExGExR (Equation (6))

was chosen as follows:

0 3G-24R-B<0
Iicer = 255 3G-24R-B>255 (6)
3G-24R-B others

where, Ir,Ger 18 gray values of each pixel in sucker image;
G, R, and B are the G, R, and B values of the pixels in the
sucker image, respectively.

322

White triangle was used as calibration board due to

Identification algorithm of calibration board

less white background in the field, which made the
acquired image easy to be segmented. Color image was
converted to grayscale image, and then grayscale image
was converted to binary image. Finally, the white
calibration plate was segmented from the image.
3.3 Information fusion

Information fusion was the data association between
two-dimensional image information and laser information.
Grapevine suckers grow up from the rootstock area of
grapevine trunk and triangle calibration board was put in
the same plane with the trunk in the experiment.
Therefore, the algorithm assumed triangle calibration
Field

background was too complex, which made segmentation

board, trunk and suckers were on the same plane.
become more complicated and time-consuming. In order
to achieve rapid segmentation and establish relative simple
background, camera was installed on the top of laser
scanner and tilted down with fixed angle (5) to horizontal
direction of ground (Figure 2), and there was a horizontal
interval A4d between the laser range finder and the CCD
camera, the value of Ad in this study was 60 mm.

Information fusion algorithm is shown in Figure 5.

v v ¥

Process laser data Segment triangle calibration Segment suckers

!

Compute Hig and

Compute D and H,
Compute laser scanning

line width D, Wid, center position
terminate pointand Compute kx and ky
distance Dis
A4

Compute terminate
point in image

Compute d, |
L

coordination

[ Compute relative position |

End

Figure 5 Flowchart of algorithm

Firstly, calculate triangle laser scanning line width
D' (mm), scanning line terminate point coordinates P,z
(xnz> Ynr» zar) and distance Dis between laser scanner and
triangle calibration board by using the algorithm in section
3.1.1.
image with threshold 0.9 that performed best according to

Then convert the original sucker image to binary

many experiments (Figures 6a and 6b), compute triangle
side length Dc and height He, compute the scale factor kx
(Equation (7)) between the image coordination and the
word coordination in the direction of the abscissa as the
actual side length of the triangle D was 300 mm. Since the
triangle was deltoid, the scale factor ky in the direction of
ordinate was computed as Equation (8). Triangle laser
scan line width d. (pixel) in the image coordination was

computed as Equation (9):

kx:%c @)

=300, ®)

a= e sy O
where, fis the camera focal length, 3.5 mm; S is the angle
of the camera with the ground, 40°.

Find the nearest pixel width with d. from the
segmented triangle calibration board in the image
coordination (Figure 6c¢), and regard it as the laser
scanning line (Figure 6d). Then find the left edge point
position of triangle in the laser scanning line in the image
coordination (x», yo). Segment suckers by using
ExGExR algorithm and then compute the height Hig
(pixel), width Wid (pixel) and center position (X., Vec)
(Figure 7d) of suckers. The actual height and width of
suckers in the camera coordination was computed as
Equation (8). The relative position (4x, 4y) between
suckers and laser scanning terminate point P,z was

computed as Equation (11):

H,, =ky-Hig (10)
VVI‘(’Cg = ]“.Wid
Ax =kx-(x,. —x,,) (11

Ay:ky(ycc _yL'Z)
4 Experimental method

In this research, all sucker images were acquired in
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Beijing Forestry University using color charge-coupled
device (CCD) industrial camera (DFK 23G618, The
Imaging Source, Germany) with a lens (LM3NCM, Kowa,

Japan) in May 2015, on a sunny, cloudless day with breeze.

The camera was set to capture images at 640x480 pixel
spatial resolution with the maximum frame rate of 120 fps.
Laser data was acquired by two-dimensional laser scanner
(LMS 511, SICK, Germany) in 25 Hz scanning frequency
and angular resolution of 0.1667°. The starting angle of
laser scanner was 45° and the terminate angle was 135° in
order to reduce the effect of other objects in background.
The triangle calibration board, camera and laser scanner
was fixed. Laser scanner was perpendicular to the
ground, and the camera had a 40° angle with the ground.
Since calibration board was placed on the same plane with
the trunk and grapevine suckers grown up from the
rootstock of the trunk, the experiment assumed that

the triangle calibration board, trunk and grapevine suckers

were on the same plane.

The segmentation result of suckers by ExGExR
algorithm is shown in Figure 7. Due to space limit, only
the results of one picture was listed (Figure 7). It
needed further process including dilation and erosion to
filter weeds due to its poor effectiveness (Figures 7b and
7¢). Unfortunately, small size suckers will be omitted
during erosion. Therefore, the EXGEXR algorithm was
followed by a further process that searching the
maximum connected region for weeds exclusion and edge
correction in order to achieve better binary segmentation.
The maximum connected region was treated as the
suckers. Finally, the color segmentation of suckers was
completed by displaying the segmented suckers using the
color in the corresponding region of the original sucker
image. The color segmentation results of EXGExR, and

followed by the above further process is shown in

Figure 7.

a. Original picture

c. Segmentation results after filtering out noise, the largest connected

region extracted is the triangle

b. Binary result of threshold which needs further process including

dilation and erosion to filter small object

Laser scanning line

d. Position determination of laser scanning lines, where the red line is the

laser scan line computed by the Equation (9)

Figure 6 Triangle calibration board segmentation results
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a. Original picture

c. ExGExR segmentation results after removing the weeds

b. Graying results of EXGExR

Sucker rectangle

d. Segmentation results of color sucker image by ExGExR,

where the red boxes are sucker square

Figure 7 Sucker segmentation results of ExGExR

4.1 Evaluation of time consuming

All algorithms ran in Matlab R2010a on the same
laptop (Lenovo, Think Centre 1 Mini Tower with
2.20 GHz 2 processors, 3.0 GB RAM, and 32-bit
operating system). Other software was disabled during

running. The time consumed for processing the same

original sucker image using the same algorithm varied
slightly so that five repetitions were conducted for each
image under each algorithm. The time consumed of five
repetitions was averaged and treated as the final
consumed time for the image. The time consumed of

the algorithm on eight suckers is listed in Table 1.

Table1 Time consumptions of algorithm

No. 1 2 3 4

6 7 8 Average Standard deviation

Time consumed/s 0.784 0.774 0.784 0.761 0.816

0.795 0.785 0.796 0.787 0.016

Kang et all" segmented sucker by using ExG
algorithm. However, it was proven that ExG took more
time to segment sucker than EXGExR and ExG had large
time consuming variation which was influenced by
sucker size!"’. Table 1 showed that the time
consumptions of the entire algorithm varied from 0.761 s
to 0.816 s with an average time of 0.787 s, which
involved sucker image processing, laser data processing
and the information fusion. The consumed time of the

algorithm on different suckers differed but on one level

with the standard deviation of 0.020. Therefore, the
average time can reflect the time consuming of algorithm.
Therefore, the entire algorithm is suitable for precise
targeted spray on the aspect of time consuming.
4.2 Accuracy of sucker size

Actually, the chemical spray volume and width are
determined by the circumscribed rectangle of suckers in
mobile targeted spray in vineyards. Here, it was called
So a width-based and height-based

criterion was established for evaluating the accuracy of the

sucker rectangle.
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algorithm.

| recg real

1- x100%

TrueR =
recg ( 1 2)
174

1_ | real I/Vreazl

W, x = x100%

TrueR

real

where, Hryer and Wry.,q are the height and width accuracy,
respectively; H,.,; and W, are the actual height and width
of grapevine suckers (manual measured in actual
experiment), respectively, cm; H,.; and W, are the
height and width that identified by algorithm (cm),
respectively.

The eight pictures are in descending order according
to sucker size. The width recognized by the algorithm
varied from 12.5 cm to 58.4 cm and the height recognized
by the algorithm varied from 22.5 cm to 55.4 cm. The
algorithm was conducted on different suckers so that
there is no need to consider the average and standard

deviation of the height and width of suckers. The width

recognition rate varied from 88.2% to 98.0% with an
overall average recognition rate of 91.8% and standard
deviation of 6.4% while the height recognition rate varied
from 75.0% to 96.7% with an overall average recognition
rate of 88.2% and a 10.8% standard deviation. The
smaller the size, the correct identification rate declined.
Even if the height of suckers Sg is less than the height of
suckers Ss, the recognition rate of the height of suckers Sg
is higher than the height of suckers S;, because the
growth attitude of suckers also affects the recognition
rate.

Suckers size recognition rate in height (88.2%) was
less than the width recognition rate (91.8%) because the
several twigs or leaves at the branch top of suckers were
missed. Although some wrong recognition rate existed,
the main body of suckers closed to its rootstock was
clearly identified. It is acceptable because suckers can
be killed as long as its main body is identified and treated

with chemical in precision targeted spray.

Table 2  Size recognition rate of suckers

No. 1 2 3 4 5 6 7 8 Average Standard deviation
Wreeg/lcm 58.4 25 41.3 50.9 31.2 322 49.1 12.5 — —
W rear/cm 59.6 25.5 44.4 52.5 35.5 36.5 52.0 15.2 — —
Wrruer!%o 98.0 98.0 93.0 97.0 87.9 83.5 94.4 82.2 91.8 6.4
H,ecq/cm 25.8 30.5 33.4 53.2 33 325 40.6 15.6 — —
Hieqi/cm 27.2 31.8 39.7 554 44 34.6 42.0 22.5 — —
Hryer!% 94.9 95.9 84.1 96.0 75.0 93.9 96.7 69.3 88.2 10.8

4.3 Accuracy of sucker position

Actually the chemical spray position is determined by
the suckers’ position in mobile targeted spray in vineyards.
Since the position of the triangle calibration board was
acquired by the laser, a relative position-based criterion

was established for evaluating the accuracy of the sucker

position.
| A‘xrecg - Axreal |
Axy, o = [l T 100%
A‘xrecg
(13)
Ay . —A
AmieR _ 1_ | yrecg yreal | « 100%
Ay recg

where, Ax7.x and Ayg...z are the relative position of the
height and width accuracy rate, respectively; 4x,., and
Ay,eq are the actual relative position of height and width
(manual measured in actual

of grapevine suckers

experiment), respectively, cm; AxX,ecg and Ay, are the

relative position of height and width that identification by
algorithm, respectively, cm.

As shown in Table 3, the smaller the size, the location
accuracy decreased. The y direction was the direction of
sucker’s height and x direction was the direction of
sucker’s width. Different suckers had different relative
position to the calibration board, varying from 47.8 cm to
76.3 cm in the direction of x and 8.3 cm to 20.4 cm in the
direction of y. The algorithm was conducted on
different suckers so that there is no need to consider the
average and standard deviation in the height and width of
suckers. The accuracy rate of the relative position in the
direction of x varied from 84.1% to 98.5% with an overall
average accuracy rate of 92.0% and standard deviation
6.2% while the accuracy rate of the relative position in
the direction of y varied from 76.8% to 97.2% with an

overall average accuracy rate of 87.3% and standard
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deviation 7.3%. The accuracy rate of the relative
position in the direction of y (87.3%) was less than the
direction of x (92.0%), because the sucker’s size in height
recognition rate (88.2%) was less than the width of the

recognition rate (91.8%). Therefore, according to the

relative position between the center point of suckers and
terminate point P; (xy, 2, o) measured by 2D laser scanner
and described in section 3.1.1, we can control spraying
position of spraying facility for precise targeted spraying

in position.

Table 3 Suckers’ center position relative to the calibration board position

No. 1 2 3 4 5 6 7 8 Average Standard deviation
AxXpecglom 62.0 76.3 62.8 55.8 71.8 47.8 48.5 63.4 — —
AYyecg/cm 13.8 17.9 16.6 8.3 20.1 20.4 10.8 17.8 —

AXruer /% 98.5 91.3 97.0 97.6 85.8 85.0 96.8 84.1 92.0 6.2
AYTruer % 823 89.4 96.2 76.8 87.2 89.2 97.2 80.2 87.3 7.3

Although the height recognition rate was 88.2%, the
width recognition rate was 91.8% and the relative position
accuracies were (92.0%, 87.3%) of the algorithm, the
spraying scope can be expanded in the center of suckers,
even in the direction of y, which is acceptable because
suckers can be killed as long as its main body is identified,
located and treated with chemical in precise targeted spray.
The presence of weeds and the posture of suckers were the
factors that lowering the segmentation accuracy. In
addition, the posture of suckers would change because of
the changeable wind speed and orientation at different
times during the experiment, which also affect the manual
measurement of actual data. Since calibration board was
placed on the same plane with the trunk and grapevine
suckers grown up from the rootstock of the trunk, we
assumed that triangle calibration board, trunk and
grapevine suckers were on the same plane. The industrial
camera we used in the experiment is the two dimensional
camera, calibration board and grapevine suckers were
acquired on one plane in the image regardless of slightly
different depth of field, which will affect the size
recognition rate of suckers slightly. Based on the plane
of the trunk, the sucker size recognized by the system
would be smaller slightly than its real size if the sucker
located behind the plane. Otherwise, it would be larger.
This is just static experiment, regardless of influence of the
movement of the camera and laser because the image was
acquired in the rate of 120 fps and the laser data was
obtained in 25 Hz scanning frequency.

The

first is to develop algorithms combined with other features

Future work is being conducted on three aspects.

such as texture and shape for improving segmentation

accuracy. The second is to take sucker images from
multi-angles. The last is to do the mobile experiment to

consider the movement of the camera and laser.
5 Conclusions

A sucker detection method based on information
fusion using 2D laser scanner and machine vision was
The
ExGExR algorithm was adopted to segment the image and

developed to identify and locate grapevine sucker.

a triangle calibration board was used to determine laser
scanning line and fuse the 2D laser scanner information
and machine vision information. By evaluating the
algorithm from three aspects of consumed time of
algorithm, identification of size and accuracy of position,
it can be concluded that:

1) The algorithm with the consumed time of 0.787 s,
the width recognition rate of 91.8%, height recognition
rate of 88.2%, and the relative position accuracies of
92.0%, 87.3% were suitable for real-time mobile targeted
spray.

2) The

two-dimensional camera, and the depth of field for it was

camera used in the study was a
not considered, which would affect size and position
detection of the grapevine sucker. A depth camera will
be considered to use for further study.

3) The minimum capture distance of 1 m for the
camera was chosen to capture the information of suckers
Different

distances could be considered to use in collecting sucker

in this study due to the field of view.

information, and compare their detection accuracy.
Then the most appropriate detection distance will be

found according to the line spacing of the grape trees.
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