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Abstract. This paper aims at the problem of picking path design for apple harvesting 
robot manipulator in dynamic and unstructured environmen, and according to the 
obstacle avoidance situation and non obstacle avoidance situation, the picking path 
design is achieved respectively. The non obstacle avoidance path is designed by the 
default path planning method and the artificial potential field method is used to avoid 
obstacles. By combining the characteristics of obstacles in the growth environment of 
fruit trees, the principle of two-dimensional potential application in artificial potential 
field is transferred to three-dimensional space, and a more smooth obstacle avoidance 
motion curve is obtained. The proposed picking path planning method is verified by 
Java graphical interface and MATLAB. The results show that picking path planning 
based on artificial potential field can effectively avoid obstacles and achieve timely 
and reliable picking. 

1.  Introduction 
The research of apple picking robot adapts to the automation of agricultural production and the trend 
of mechanization. In order to improve the efficiency of apple picking robot, reasonable planning of the 
manipulator picking path has important practical significance for improving picking efficiency and 
reducing branch damage. Someone like LiangYang proposed a new algorithm based on fast 
exploratory sampling - exploratory random tree (RRT) to avoid obstacles and find the target position. 
Hu Xioping and others proposed an improved potential field model based on potential flow theory to 
plan the robot picking route; Li Biqing [1] and others put forward the method of using radio, plus the 
avoidance system with the advantage of remote control technology of the Internet of things and PLC 
real-time [2] control system to control the picking route of the robot, so that it can make accurate use 
of less time in the complex environment. The above analysis shows that apple picking robot works in a 
dynamic and unstructured environment, and its working objects have great differences and 
uncertainties. This makes the path planning of picking obstacles in 3D space and the image drawing of 
picking paths especially urgent, which will improve the picking efficiency and picking quality. 

 Because of the different apple species, the height of the crown is different, and the degree of fruit 
dispersal is also different [3]. Therefore, we must first determine the relevant parameters of apple fruit 
tree, including tree height parameters, in this apple picking path design. In order to have better 
practicability, this is to determine the appropriate 3D manipulator, and understand the degree of 
freedom of the manipulator, and the kinematic parameters of each degree of freedom. For example, the 
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swing angle of the end effector of the manipulator [4]. And understand its kinematic equation and 
motion principle, so as to calculate the coordinates of the middle point of path planning. According to 
the understanding of the actual situation, the picking path planning can be divided into two situations: 
non obstacle avoidance and obstacle avoidance path design. The path planning of non obstacle 
avoidance means that the manipulator can move along the starting point and the target point, while the 
obstacle avoidance path planning needs to refer to the target point and obstacle point to find the 
appropriate picking path. 

2.  Artificial potential field method for path planning 
The artificial potential field method was first proposed by Khatib [5]. Its basic idea is to move the 
motion of the robot in space into a motion of a particle in the artificial potential field. The target point 
will attract the robot, while the obstacle point will repulsion the robot, and the motion of the robot will 
be controlled by the resultant force of gravity and repulsion. Specific method: assuming that the robot 
is a particle, the motion space of the robot is a two-dimensional space. The coordinates of the robot in 
the two-dimensional workspace are (x, y), the coordinates of the target point are (xg, yg), and the 
gravitational potential field Uatt generated by the target point to the robot is Uatt. 
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In the equation K is the coefficient of gravity, x is the coordinate of the robot (x, y), xgoal is the 

coordinate of the target point, (x, y), and x-xgoal is the relative distance between the robot and the 
target point Pg 
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According to the negative gradient of gravitational potential field, gravity can be obtained. 
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When there are n obstacles around the robot, the total resultant force of the robot is 
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The repulsive potential function of obstacles is defined as 
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The repulsive force gain coefficient is a controllable constant, which represents the distance of 

obstacles, and is the shortest distance between robot coordinate points and obstacle coordinate points 
[6]. The corresponding repulsive force is 
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Among them. Resultant force F=Fa+Fo determines the direction of motion of the robot. 

3.  Path design without obstacle avoidance 
In order to facilitate the study, the following assumptions are made for picking up the arm body [7]. 
The arm is rigid, and the input of the control object is the output torque of the joint motor. The 
influence of friction and friction is not considered. The shoulder joint and the upper arm, the elbow 
and the forearm are abstracted into homogeneous rods. The dummy picking arm model [8] is shown in 
Figure 1. At the same time, we also assume that the obstacle is assumed to be spherical. The sphere 
can be expressed as Z (Po), where Po (x, y, z) is the center of the sphere in the coordinate system, and 
R is the radius. Although the modeling method inevitably expanded the obstacle area, the description 
of the obstacle domain became simpler and the approximate calculation method of the spherical 
envelope was calculated. So as to improve the efficiency of path planning and design, and also ensure 
the safety of the path [9]. 
 

 

Fig 1.  The model of apple picking arm robot 

4.  Path design without obstacle avoidance 
Under the condition of no obstacle avoidance [10], we use the preset path method and take the two-
dimensional space plane as the foundation. Three degree of freedom picking hands were used to 
simulate the picking process of randomly generated apples. So suppose the picking robot in the 
simulation does not move [11]. All generated random Apple coordinates are available for picking 
hands. In this design, the track path algorithm is first used to get the location of the current picking 
hand and the location of the target. First, the location of the picking hand is connected to the target 
point, and several points of equal distance W1, W2, W3 and so on are selected [12]. Secondly, through 
the adjustment of the manipulator, the position of picking hands reaches W1 in turn. Finally, the 
position of picking hands is gradually adjusted to the planning point until the target point through the 
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manipulator. According to the design of picking arm, the algorithm can make minor adjustments in the 
number of locus points. 

5.  Obstacle avoidance path design 
In order to avoid damage to apples in picking process, it is particularly important to choose a more 
stable and efficient path planning method. Obstacle avoidance picking path is the key part of picking 
path planning, which is the core of efficiency improvement. Based on the assumption of the location 
of picking hands, the artificial potential field method has the advantage of path planning in local and 
static conditions. Based on the 2-D plane obstacle avoidance algorithm, the artificial potential energy 
method, it is migrated to the 3D space of apple picking robot and designed obstacle avoidance path 
[13]. The basic hypothesis of picking path research is that the picking robot does not move, that is, 
fixed-point. The distribution of apple fruit has a definite range in three dimensions. The target area 
used in the path planning process should be consistent with the apple distribution range. In order to 
improve the efficiency of picking path planning, the parameters of apple tree can be determined, and 
the existence [14] range of the target point can be obtained by this parameter. The algorithm of target 
points and obstacle points can be established by establishing the D-H coordinate kinematics equation 
of the picking arm model. By introducing the kinematic parameters of the model to the kinematic 
equation, the kinematics positive solution is deduced according to the joint angles, and the spatial 
range of the picking hand can be determined. 

6.  Simulation and validation 

6.1.  Obstacle avoidance path simulation 
Shown as Table 1, according to the starting point, target point and randomly generated obstacle point 
parameters, the obstacle avoidance path design algorithm is adopted to get the picking hand movement 
roadmap successfully avoiding obstacles [15]. 
 

Table 1. Coordinates of target point obstacle points 

name X(m) Y(m) Z(m)
target 0.62 2 2.5

obstacle1 0.5 1.5 2.1
Obstacle2 0.43 1.4 2.2

 
The current step size is 0.05m, and the total number of path points is 64. The design path obtained 

from different angles is displayed in three-dimensional space coordinates by using the visual angle 
conversion tool of MATLAB. The graph can be rotated 90 degrees counter-clockwise as shown in Fig. 
2 and 40 degrees clockwise as shown in Fig. 3 

 



ESMA 2018

IOP Conf. Series: Earth and Environmental Science 252 (2019) 052148

IOP Publishing

doi:10.1088/1755-1315/252/5/052148

5

 
 
 
 
 
 

      

Fig 2. Obstacle avoidance planning with 90 degrees of rotation 
 

      

Fig 3. Rotation 40 degree obstacle avoidance picking plan 
 

According to the algorithm used in this paper, the success of picking path design depends on not 
only the coordinate position of the target point and obstacle point. At the same time, step size is also a 
key parameter [16]. 

A set of simulation data is used to test the selection of step size. The conclusion is drawn by testing 
that choosing appropriate small step size can increase the chance of success. According to the results 
in Table 2, it is not clear that the smaller the step size, the closer the actual end point is to the target 
end point, so the appropriate step size should be chosen. Based on this model, the step size is 0.05. 
 

Table 2. Path planning results of fixed point asynchronous synchronization 

number Step size (m) Target point Final point Track point count 
1 0.01 (1.2, 2, 1) (1.21,0.98,1) 200 
2 0.05 (1.2, 2, 1) (1.21,0.98,1) 128 
3 0.1 (1.2, 2, 1) (1.21,0.98,1) 64 
4 0.2 (1.2, 2, 1) (1.2, 2, 1) 32 
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7.  Simulation of non-obstacle avoidance path results 
The picking target Apple shown in Figure 4 is located on the right side of the picking hand, and the 
picking hand is located at the starting point of the path planning. The swing arm code is invoked 
circularly to show the swing arm approaching the planned point continuously on the graphical 
interface, and the swing arm is inhaled to realize the picking. 
 

 

Fig. 4 Sketch map of picking simulation 

8.  Conclusion 
Based on the artificial potential field method, this paper designs and implements two different 
algorithms for apple picking path by analyzing the actual picking environment and considering the 
actual situation of obstacle avoidance and non-obstacle avoidance. The simulated images are analyzed 
and compared, and the picking action using MATLAB graphical interface is realized. Draw, randomly 
generate Apple position points, automatic real-time random picking of apples, complete the simulation 
of picking hand path planning. Although there is a certain local optimum based on the artificial 
potential field method, there may be a local minimum, i.e. the gravitation and repulsion of the picking 
hand at the point are cancelled each other, the picking hand will not move toward the target point and 
affect the intuitive judgment of the picking accuracy. From the simulation results, the algorithm is still 
one for improving the picking efficiency. An optimal picking planning strategy. 
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