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Abstract. The automatic manipulator has several potential applications in industrial systems. It is
critical to research machine route planning and obstacle avoidance in order to fulfill the rising
technical requirements. This work provides a technique for realizing the aforementioned tasks based
on an enhanced obstacle avoidance algorithm that can automatically skip barriers and complete
target sorting using visual identification and improved obstacle avoidance algorithms. The whole
system consists of three parts: image collection, pose estimation and target grasping. Firstly,
computer vision technology is used to recognize and locate target objects. Secondly, the robot's
kinematics model is created, and combined with the visual perception information, the target
grabbing and sorting are completed. Finally, the environment is built with Gazebo, and the robot is
simulated. Simulation results verify the feasibility and effectiveness of the method.
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1. Introduction

Robotic arm is a kind of robot device which imitates the movement of human arm and completes
all kinds of operations. The manipulator usually consists of a series of joints, drivers and actuators,
which can be controlled by program or manual operation to achieve accurate positioning, grasping,
handling and other operations. Robotic arms are widely used, such as material handling and
processing on production lines in industrial automation, surgery and rehabilitation in health care, and
operation and maintenance of drones and satellites in military and aerospace fields. With the
continuous progress of robot technology, the application of robotic arm will be more and more
extensive, and more industries and fields will use robotic arm to improve production efficiency and
work efficiency. Industrial robot development offers a potential route for fostering company
innovation on their own and achieving the innovation-driven development strategy of science and
technology self-reliance [1].

Based on the ROS control system and GAZEBO. Currently, there are two types of path planning
algorithms: conventional path planning algorithms, and intelligent optimization algorithms. Grid
technique, visual graph method, artificial potential field method, and others are examples of
conventional path planning methods. Intelligent algorithms mainly include ant colony algorithm [2],
particle swarm optimization (PSO) [3], evolutionary optimization algorithms [4] and so on. The
emergence of machine vision technology also meets the latest requirements of the development of
robot arm automation, so it has made rapid progress in the field of robot application [5-7]. In the
domestic aspect, a number of universities have studied the motion of the manipulator controlled by
vision [8-10]. In order to capture occluded objects, Lei Zhiming of Guangxi University developed a
technique for obtaining projection feature points of 3D objects using deep convolution neural
networks based on multi-scale feature fusion [11]. In order to replace the subsequent ICP processing
phase, Zheng Xinyu of Shenyang University of Technology employs the cyclic iteration optimization
approach in conjunction with the target recognition and posture estimation algorithm based on deep
learning [12]. In foreign countries, Vietnamese scholars have proposed a simple and efficient image
processing algorithm, which helps to shorten the time of the sorting process [13]. Martin, Harold and
other scholars have proposed to use vision to control prosthetic arms [14].
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This paper simulates a possible working environment of the manipulator to complete the process
of positioning, grasping and placing the grasping object to the specified position through machine
vision. Firstly, computer vision technology is used to recognize and locate target objects. Secondly,
the robot's kinematics model is created, and combined with the visual perception information, the
target grabbing and sorting are completed. Finally, the environment is built with Gazebo, and the
robot is simulated.

2. Methodolgy

2.1. The basic structure of the system

The structure of the manipulator grab system based on ROS designed in this paper is shown in Fig.
1. The whole system consists of three parts: image collection, pose estimation and target grasping,
which realizes the grasping of grasping objects in the presence of occlusion.
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Fig.1 the basic structure of the system

The manipulator used in this system is a six-degree-of-freedom UR5 manipulator. The gripper
adapted to the manipulator adopts two-finger mechanical gripper of RobotiQ. In order to collect
relevant point cloud data and depth data, the Kinect V2 depth camera is used in the experiment. Firstly,
the edge of the target object is extracted through image processing technology, and the position of
the object is estimated using the point cloud information gathered by the depth sensor. Subsequently,
the relative position of the target object is calculated depending on the robot's location and posture
data. Finally, combining the above information, the robot arm's trajectory is planned, and the target
item gripping job is done.

2.2. Target location estimation

2.2.1 Image filtering

The camera records the target picture, which includes not only the target data but also the
background and noise data. This noisy information will degrade the image quality, resulting in
inadequate or incorrect processing results. As a result, filtering off the image's noise information is
required to lessen the influence on contour detection. There are two types of image filtering: linear
filtering and nonlinear filtering. Linear filtering encompasses square frame filtering, mean filtering,
Gaussian filtering, and other techniques. Nonlinear filtering techniques include median filtering,
bilateral filtering, and others. Gaussian filtering is used to match the canny method used in this
experiment.

Gaussian filtering algorithm is also a class of linear spatial filtering methods, it belongs to low-
pass filter, which can suppress the Gaussian noise in the image. Gaussian filtering uses a weighted
average of the whole image, and each pixel's value is derived by averaging its own value and the
values of surrounding pixels. The weighted average of every pixel neighborhood, which is what the
Gaussian function produces, is closer to the value of the central pixel. The algorithm emphasizes the
weight of the center point, so it has a better smoothing effect than the mean filter.
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2.2.2 Binarization of image

After binarization, the grayscale image is converted to a black and white image. The image's pixel
values are merely 0 and 1. Binary image processing can reduce the amount of picture data and the
complexity of future processing greatly. When the background is relatively simple and there are only
a few objects in the image, the object can be easily separated from the background, which is
convenient for object edge feature extraction and object recognition. Image binarization processing
is to distinguish the target object information from the background information by setting an
appropriate threshold and comparing the small relationship between the pixel value and the threshold
of each point in the grayscale image.

The setting of threshold has a great influence on the effect of image binarization. The threshold
selected by artificial measurement often does not adapt to the changes of the current environment and
affects the execution efficiency of the visual system. In order to make the image processing process
more adaptive, the adaptive threshold algorithm should be used to experiment the binarization of the
image. In this paper, OTSU algorithm is used to obtain the threshold automatically. For threshold
selection in picture segmentation, the OTSU algorithm is regarded as the best algorithm. it is
straightforward to calculate and is not impacted by image brightness and contrast. It separates the
picture into two halves based on the grayscale qualities of the image: background and foreground.
Because variance is a measure of grayscale uniformity, the difference between an image's foreground
and background is proportional to how dissimilar the two are from one another. As a result,
segmentation that optimizes the variation across classes has the lowest likelihood of misclassification.

2.2.3 Canny algorithm

The edge of the image is the part of the image where the local brightness varies significantly, and
this area’s gray profile can be thought of as a step, going from one gray value in a very little buffer
area to another gray value with a significant gray difference. The majority of the image's information
is concentrated at its edges. The recognition and interpretation of the complete image scene relies on
the detection and extraction of the picture edge, which is also a property on which image segmentation
depends. Edge detection is primarily concerned with measuring, detecting, and locating grayscale
changes in images. JohnF. Canny created the Canny edge detection technique in 1986. Through multi-
stage algorithms, it can identify a wide variety of edge information in a picture. The traditional Canny
detection algorithm is divided into the following four steps.

The first step is to use Gaussian filter to process the original image. Because the edge of the image
is easily disturbed by noise, in order to avoid detecting the wrong edge information, it is usually
necessary to filter the image to remove the noise in order to get a more accurate edge. In the actual
processing process, Gaussian filtering is usually used to remove the noise in the image.

The gradient is calculated in the second step. The gradient's direction is perpendicular to the edge.
The operator in charge of edge detection has returned. The gradient always runs perpendicular to the
edge, and the closest values are generally horizontal, vertical, diagonal, and so on.

To further refine the edge, the next step is to suppress the amplitude and direction of the gradient
by non-Maxima. After determining the gradient's amplitude and direction, traverse the pixels in the
picture and delete all non-edge points. In the concrete implementation, it is important to examine each
pixel individually to see if it has the highest value and the same gradient as the pixels around it, if it
is the maximum value, the current point is determined as the edge point; if it is not the maximum
value, then determine that the current point is not part of the edge point.

The fourth stage is using multiple thresholds to improve the image edge. When non-maximum
suppression is finished, the image's strong edge is already present in the edge image that is now being
acquired. The edge image might potentially contain some virtual edges, though. These fictitious edges
could be produced by real images or by noise. It is necessary to eliminate the noise-induced virtual
edges. As a result, two thresholds—high threshold and low threshold—are established. The attribute
of the edge is determined by comparing the gradient amplitude of the current edge pixel to the two
thresholds. If the gradient amplitude is greater than or equal to the high threshold, the current edge
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pixel is labeled as a strong edge and retained. If the current edge pixel's gradient amplitude is between
an excessive and a minimal threshold, the pixel is retained as a virtual edge. If the current edge pixel's
gradient amplitude is less than or equal to the low threshold, it is suppressed and suppressed. The
acquired virtual edges must be processed further. The edge is considered as an edge if it is linked to
a strong edge. If there is no link to the powerful edge, the edge becomes weak and muted.

2.3. Manipulator motion control

2.3.1 Forward kinematics analysis

The forward kinematics of the manipulator is used to solve the position and pose result of the
manipulator's end tool actuator relative to the manipulator's base using the connecting rod parameters
and joint rotation angle parameters without taking force into account. The manipulator connecting
rod coordinate system is established by the standard Dmurh method, as shown in Fig. 2. The
parameters such as joint coordinate system, rotation angle around z-axis 6;, length of extended z-
axis d;, rotation angle around x-axis «; and length of extended x-axis a; are marked in the figure.

X3 X2 X1

. )fé V
X6
Z6
Fig.2 Simplified model of UR5 manipulator and linkage coordinate system [11]

The standard D-H parameter table is made from the UR5 manipulator connecting rod coordinate
system, as shown in Table 1.

Table 1. Standard D-H parameter table of UR5 robot

I di dj Qo 19i
1| d,=89.459 0 /2 |9,
2 0 a,=425 | 0 |9,
3 0 2,=39225| 0 |9,
4| d, =109.15 0 /2 |9,
5| ds =94.65 0 “n/2 | 9
6| d, =823 0 0 |9,

After obtaining the D-H parameter table, the transformation matrix between two adjacent
coordinate systems can be obtained, as shown in follow equation. £T is the pose transformation
relationship between joint a and joint b; ¢ and s are abbreviations for cos and sin, respectively.

cl 0 s1 O

on _|s1 0 —c1 0

=10 1 0 a1 (1
00 0 1
cl 0 s1 O

on _|s1 0 —c1 0

iT=10 1 0 a1 (2)
00 0 1
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c2 —s2 0 a2c2
1 _|S2 c¢2 0 a2s2
=" 0 10 )
0 O 0 1
c3 —s3 0 a3c2]
2+ _1s3 ¢3 0 a3s2
sT=1"0 0 10 )
0 O 0 1
cd 0 s4 O
3 s4 0 —-c4 0
=10 1 0 d4 ®)
0 0 0 1
¢c5 0 —=s5 0
4 _|S5 0 ¢5 O
sT=10" -1 0 ds (6)
0 O 0 1
c6 —s6 0 O
5 _ |S6  ¢6 0 0
7 =1"0 0 1 ds ()
0 0 0 1

So, the transformation matrix from coordinate system 0 to coordinate system 6 is as follows.

ny, 0y ay
nZ OZ a’Z
0O O 0

O =97 IT- 2T - 3T - 3T - 3T =

The parameters in the Eq. (8) are described as follows.

( My = €1C234C5C6 + S1S5C6 — €1523456
Ny = 51C234C5C6 — C1S55C6 — 5$1523456
N, = S234C5C6 1 C23456
Ox = —C€1€234C556 — S1S55¢ — €15234Cs
0y = C1555¢ — 51€234C55¢ — 515234C¢
Az = €234C6 — 5234C556

2.3.2 Inverse kinematics analysis

Px

Py

Pz
1

< Ay = 51C5 — C1C234S5
Ay = —51C23455 — (1C5
0z = —5234S55
Px = S1d334 + €1C2Q5 + €1C23A3 + €1S734d5 + 51C5d — €1523455d6
Dy = —C1da34 + $1C20; + $1C2303 + $1S234d5 + €1 C5dg — S1C23455d
\ Pz = di + S203 + 2303 — €234d5 — S23455d

(8)

©)

Inverse kinematics is the rotation angle of each joint corresponding to each joint of the manipulator
according to the target position and posture of the end tool effector of the manipulator. According to
the joint order, based on the Pieper criterion, the analytical solution of the manipulator is as follows.
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0, = atan2(B, A) — atan2(C, +VA% + B2 — C?)
03 =03 — 0,
04 = 0334—03
05 = atanZ(ss,slax - clay)
—S10x+C10y slnx—clny)

0¢ = atan2 ( ,

S5 S5

(10)

By = ¢1px + 51y — dsS234
B, =p, +d; —dsCr3s
A= —2B,a,

B = 2B,a,

C = B? + B+a5—ad}

By—a;s, Bi—ajc
923=atan2( 2 22’ 1 22)
as as
\ 234 ss ’ St

3. Experimental results and analysis

3.1. The introduction of the simulation platfor

In the previous chapter, the author discusses the related technologies used in this robot system. In
order to verify the technical feasibility, a warehouse simulation environment is set up in GAZEBO to
carry out simulation experiments, as shown in Fig. 3.

Fig.3 the simulation environment
The specific simulation experiment flow is shown in the figures below.

Start the simulation Start the depth
Startup program .
environment camera.
Initialization
system
i Get the Canny Extract target Publish target location
Pose estimation . . . o .
environment image, algorithm contour information
‘ . Move to the Mechanical claw
Grab the target Motion planning . .
target position grasping
d . Move to .
Place the target Motion planning . Place the object
placement positiol

Fig.4 Simulation experiment flow
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The experiment takes the cube to be grasped as the experimental object. At the beginning of the
experiment, start the simulation environment and related running programs. Then the camera
publishes RGB topic information and depth information, and adopts relevant algorithms to estimate
the position and pose of the grasped object. After calculating the position in the coordinate system of
camera, the object will be converted to the mechanical arm base coordinate system. Then the
manipulator uses inverse kinematics to plan the grasping path and complete the operation of grasping
and placement.

3.2. Simulation results and analysis

At the beginning of the simulation experiment, start the simulation program. The first step is image
collection. The camera captures the RGB and depth images of the object, and generates the point
cloud data of the environment. The RGB and depth images of the are visually displayed, and the point
cloud data are generated in Rviz, as shown in Fig. 5 and Fig. 6. The system uses canny algorithm to
extract the contour and centroid of the object to be grasped.

| [
o

the octomap in Rviz

Fig.5 the RGB image  Fig.6 the octomap in Rviz

The second step is position estimation. The system estimates the position of the target object
through a series of algorithms. After the centroid position is calculated, it is converted into the
manipulator coordinate system and the information is returned to the manipulator. The experimental
effect is shown in the following figure.

oA memis" ~FoLu mewiE

| DPosition estimation i Grasping posture
= e — B = : » i -

extracted boundary

Fig.7 get target location information  Fig.8 adjust the grasping posture
The third step is to grab the object and the fourth step is to place the object in a specified position.
The manipulator moves to the target position, and grasps the target object. The robotic arm can
analyze the point cloud data, plan the grasping route, and complete the grasping and placement actions.
The experimental effect is shown in the following figure.
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Fig.9 grab and place the target

According to the aforementioned simulated testing findings, the design of the warehouse
inspection robot to circumvent obstacles grasping manipulator according to automated vision created
in this study has some practicality.

4. Conclusions

As the warehouse inspection process requires a lot of manpower, this paper studies the warehouse
inspection manipulator based on vision. The whole system consists of three parts: image acquisition,
pose estimation and target capture. First of all, the system uses the depth camera to identify and locate
the grasped object. Then the manipulator grasps and places the object according to the acquired data.
Finally, the simulation experiment is carried out based on the ROS control system and Gazebo
simulation environment. From the experimental results, the system can better complete the task of
target detection and acquisition, which verifies the feasibility of the method.
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