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Abstract - In order to reduce labor costs, solve the shortage of labor, improve the efficiency of 
harvesting and other issues and the performance of the existing mechanical arm, an experimental 
software platform will be built based on embedded PLC prototype system, and then the control 
methods of improving the speed and grasping accuracy of the manipulator will be systematically 
studied based on the dynamics model of the manipulator from three aspects: rigid body dynamics 
modelling, trajectory planning and dynamic control methods. The integrated optimization design 
method of multi-variables based on dynamic scale synthesis, dynamic optimization design and 
optimal trajectory planning is realized. The kinematics, rigid body dynamics and elastodynamics of 
the system can be guaranteed simultaneously. The kinematics and rigid body dynamics models of 
the manipulator are established. A dynamic scale synthesis method considering both kinematics 
and rigid body dynamics characteristics is proposed. Characteristics are formed in dynamic 
evaluation index and performance constraints. Finally, the results show that the load characteristics 
and dynamic characteristics of the cherry-picking manipulator based on PLC high-speed parallel 
automation control are in good agreement with the theoretical values, and the validity of rigid body 
dynamics and elastic dynamic model is verified. The self-avoidance obstacle of cherry manipulator 
in coordinated picking is solved, and the singularity of cherry manipulator in picking is avoided. 
The high speed and barrier-free operation of the manipulator is realized. 
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1. Introduction 
 
Soft PLC technology is a new control technology 
based on PC, which is gradually emerging in the field 
of international industrial automation. Embedded 
soft PLC technology is developed on the basis of in-
depth study and analysis of traditional PLC 
technology, soft PLC technology and embedded 
system. Most of the PLC control programs applied to 
industrial control at present only contain the 
development status of common basic control 
instructions [1]. Embedded soft PLC can make up for 
the shortcomings of traditional PLC, such as poor 
compatibility and scalability, low cost performance 
ratio, and overcome the shortcomings of large-scale 
soft PLC system and waste of resources. The 
embedded soft PLC system used in this study has the 
advantages of flexibility, compactness, convenience 
and reliability. The embedded soft PLC prototype 
system mainly includes the editing system of ladder 
diagram of upper computer, serial communication 
system, instruction interpretation system of lower 
computer and input and output system. The 
embedded soft PLC system can well realize the basic 
functions of traditional PLC system and simplify the 

instruction interpretation system of PLC through 
PLC instructions [2]. 

The control strategy of high-speed parallel 
automation mainly includes conventional control 
strategy based on model and intelligent control 
strategy based on Intelligent algorithm. The 
conventional control strategy mainly includes 
adaptive control, robust control, decoupling control, 
PID control and so on. 

The adaptive control method relies less on prior 
knowledge and can continuously identify the real-
time operation state of the manipulator, extract 
effective model information through strong learning 
ability, and continuously improve the model [3]. At 
present, the adaptive control of manipulator is 
usually based on the dynamic model to separate the 
relevant physical parameters, then the nonlinear and 
strong coupling dynamic model is constructed into 
the linear expression of the parameters to be 
identified, and then the global convergence adaptive 
control rate is designed by using the mature adaptive 
control theory of linear system. Considering the 
uncertainties of friction and dynamic characteristics, 
some people choose the parameters of friction model 
and dynamic model as adaptive control parameters. 
These adaptive parameters are separated from the 

mailto:zoucanhz0121@163.com


Design of Cherry Picking Manipulator Based on PLC High Speed Parallel Automation Control 

 

 

International Journal of Mechatronics and Applied Mechanics, 2019, Issue 6, Vol. II 116 

dynamic model of parallel robot, and corresponding 
adaptive friction compensation control and adaptive 
dynamic compensation control are designed. 

This study makes use of the characteristics of 
PLC, such as high reliability, strong anti-interference 
ability, powerful function, flexibility, easy to learn 
and use, small size, light weight and low price. A 
high-speed parallel automatic control cherry picking 
manipulator based on PLC is designed to make the 
manipulator have better operation performance. 
 

2. Method 
 

In order to solve the problem of low efficiency of 
cherry-picking robot with single manipulator, a high-
speed parallel automated cherry-picking scheme is 
determined. Firstly, the three-dimensional 
coordinates of cherries are obtained by Kinect 
sensor, and the three-dimensional coordinates of 
cherries are transmitted to the manipulator, which 
picks cherries. The machine vision system divides 
the identified cherries into two regions. The robot 
arm adopts the proximity principle and picks the 
cherries in the adjacent regions. Aiming at the 
problem that the end effectors is easy to collide with 
cherries outside the target fruit, a sequential rule for 
cherry picking by mechanical arm is proposed. When 
the manipulator picks adjacent kiwifruit, it solves the 
self-avoidance obstacle of coordinated picking of 
cherry manipulator, so that the two manipulators do 
not interfere with each other when picking kiwifruit. 
At the same time, the path planning of the 
manipulator is carried out in Cartesian space and the 
singularity of the manipulator when picking cherry 
is avoided. 

The difficulties of integrated optimization design 
of high-speed parallel manipulators can be 
expressed as follows. Firstly, the models related to 
the design of high-speed parallel manipulators 
include kinematics, rigid body dynamics and elastic 
dynamics models.  

The design parameters (scale, cross-section, 
material) and performance indicators involved are 
numerous, which brings some difficulties to the 
design [5]. Secondly, in order to satisfy the 
performance indexes of high speed, high 
acceleration, accuracy and power consumption in 
kinematics, rigid body dynamics and elastodynamics, 
there is no design process that can guide cross-
model optimization.  

In order to solve the above problems and achieve 
the purpose of energy saving and consumption 
reduction, from the point of view of a kind of high-
speed parallel manipulator system, various factors 
affecting the above performance indexes of the 
manipulator are considered comprehensively in 
terms of input, system itself and output. 

As far as system ontology is concerned, the main 
task of its design is to determine a set of scales and 
structural parameters that meet the performance 
requirements of the system. Considering the 
different theoretical foundations of kinematics, rigid 
body dynamics and elastodynamics, the design idea 
is to divide the scale synthesis and dynamic design 
into two different design dimensions by using 
hierarchical strategy. Then, numerical methods are 
used to unify the above optimization results. Before 
optimizing the main body of high-speed parallel 
manipulator, the relative reducer and deceleration 
ratio should be selected according to the given 
design task and motor rated speed. 

Then, scale synthesis is completed at the level of 
kinematics and rigid body dynamics, that is, given 

the structural parameters 20X  in advance. By 

investigating the influence of scale parameters on 
the dynamic evaluation index under the constraint of 
kinematics performance, the optimal scale 
parameters considering both kinematics and 
dynamic performance under the specific structural 

parameters 1X  are synthesized. 1X  is taken as 

input, and the dynamic optimization design 
satisfying dynamic accuracy constraints is completed 
at the level of elastodynamics [6]. After obtaining the 

optimal structural parameters 2X , the structural 

parameters 2X  are fed back to the scale synthesis to 

realize the closed-loop design until the judgment 
conditions are satisfied. 

Rigid body dynamics modeling: There are two 
purposes of rigid body dynamics modeling. One is to 
evaluate the dynamic performance of the 
manipulator, and the other is to provide the 
necessary mathematical model for the 
implementation of torque control and parameter 
estimation of servo motor. On the basis of the 
velocity and acceleration model of the follower arm 
branched chain, connecting coordinate system 

bibibibi zyxO   is established on the follower link 

of the it branch chain. 
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Figure 1: Trajectory planning in operation space 
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Figure 2: Joint space trajectory planning 
 

The coordinate origin 
biO  is located on the 

center of mass of the branch chain, and the  biz axis 

always points to the axis direction of the connecting 

rod. The 
bix  axis is perpendicular to the 

biz  axis. In 

the plane of biw  and ii uv  , the biy  axis is 

perpendicular to bix  and biz  axis, and conforms to 

the right-hand criterion. The dynamic equation of 
the mechanism can be obtained by using the 
principle of virtual work. 
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In the formula, 
T

321 ）ττ（ ττ   is the 

torque of the active joint; r  is the acceleration of the 

center of mass of the moving platform; 
,

m  is the 
total mass of the moving platform, including the 

mass of the platform and the load; 
,

AI  is the 

equivalent inertia of the active arm to its axis, that is, 

gearbox

2

arm

,

A IjII  , where armI  is the inertia of 

the active arm itself to its axis, gearboxI  is the inertia 

of the reducer, and j is the reduction ratio of the 
reducer. The moment of gravity of the active arm to 
its rotating shaft is: 

T

321armarm

,

Ag )cosθcosθg(cosθrmτ  . 

AArm  is the mass-diameter product of the active 
arm. The motion quantities represented by 

independent variational θδ   are substituted into 
equation 1. 
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Trajectory planning: The dynamic characteristics 
of the high-speed parallel automatic control 
manipulator are reflected in the track tracking 
accuracy and positioning accuracy written in high-
frequency motion conditions to a certain extent. The 
trajectory tracking accuracy and positioning 
accuracy are related not only to the characteristics of 
the manipulator body and the control system [7], but 
also to the trajectory of the manipulator end 
effectors in the operating space and the different 
motion rules selected. Therefore, reasonable 
trajectory planning can effectively improve the 
operation accuracy and dynamic characteristics of 
high-speed parallel automatic control manipulator. 

According to the choice of planning space, the 
trajectory planning of manipulator can be divided 
into operation space trajectory planning and joint 
space trajectory planning. In contrast, the trajectory 
planning in the operating space has clear trajectory, 
which can strictly ensure that the end of the actual 
manipulator moves according to a specific trajectory. 
It is suitable for situations with obstacle avoidance 
requirements and continuous trajectory control. In 
addition, there are singular points in the motion 
process of the method, which need to be checked and 
avoided in the trajectory planning. 

The trajectory planning process of operation 
space and joint space is shown in figure 1 and figure 
2 above. Considering both the operating space and 
the joint space, considering the minimum maximum 
acceleration of the manipulator and reducing the 
vibration of the manipulator, a trajectory planning 
method which satisfies the requirements of Pick 
amp, and has smooth process, low energy 
consumption and simple operation is of great 
practical significance for the optimization of the 
dynamic characteristics of the manipulator and the 
realization of real-time dynamic control. 

 
Table 1. Motor model parameters 

Variable coincidence Meaning numerical value unit 

Kpi 
Proportional Coefficient of Current 

Loop 
55 V · A-1 

Tii Integral time constant of current loop 10 S 
Kt Motor Torque Constant 1.345 N · m · A-1 
Ke Motor Back EMF Constant 1.002 V · s · rad-1 
L Inductance of motor winding 39.995 H 
R Motor winding resistance 6.098 Ω 
J Rotary inertia of motor rotor 3.4*10-4 Kg · m2 
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Dynamics control method: At present, one of the 
commonly used dynamic control methods is the 
dynamic feed-forward control method, which takes a 
single branch chain of the mechanism as the 
controlled object, uses the dynamic model and real-
time kinematics parameters to solve the theoretical 
control moment, and then compensates the dynamic 
signal to the kinematics closed-loop system. This 
method retains the position control accuracy of 
kinematics closed-loop control, and the kinematics 
closed-loop system has good resistance, which 
reduces the dependence on the accuracy of dynamic 
model modelling [8]. This dynamic feedforward 
control method with single branched chain as the 
research object is simple in principle and easy to 
implement. It has certain popularization value for 
parallel mechanism. Therefore, the high-speed 
parallel automatic control manipulator is taken as 
the research object, and the control effect of dynamic 
control based on PLC on parallel mechanism is 
discussed. 

The model of servo control system is built from 
inside to outside. Firstly, the control model of servo 
motor is established. The schematic diagram of 
armature control of servo motor is given, as shown 
in figure 3. 
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Figure 3: Schematic diagram of servo motor principle 

 
The motor model selected in this study is LAFERT 

B7104Q3H7GKM00T5. The servo driver adopts the 
CoolDriveA8 Book motor drive module of Qingneng 
Dechuang. By consulting the Lafayette Motor 
Selection Manual and the configuration parameters 
of Qingneng Dechuang, the main parameters of 
current loop and motor model can be obtained as 
shown in table 1. 

Usually, the current loop servo parameters of the 
servo control system are not open to users, and only 

the proportional coefficient ivK  and integral time 

constant of the speed loop ivT , as well as the 

proportional coefficient ipK  and integral time 

constant of the position loop ipT  in the model are 

needed.  

Differential time constants dpT  need to be tuned 

according to the actual model of the control system 
to achieve good control effect of closed-loop 
kinematics control. 

 

3. Results and Discussion 
 

The automatic parallel operation device changes the 
previous method of automatic parallel operation 
using pulsating voltage. Frequency detection, voltage 
detection and phase detection all adopt digital 
detection method. The frequency of the generator is 
detected by the photoelectric encoder connected 
with the generator coaxially, and then the frequency 
difference can be obtained by calculating. The 
direction of frequency difference can be directly 
reflected by the detected frequency. Detection is 
obtained directly by comparing with standard 
voltage, and phase detection is obtained by edge 
detection of voltage square wave. The control of 
automatic parallel operation can be realized by 
analog control device or digital control device. 

This device is a high-speed automatic parallel 
operation device of manipulator arm controlled by 
PLC. The automatic parallel operation device of PLC 
also has the advantage of automatic parallel 
operation device controlled by computer, but it is 
superior to computer control in working reliability. 
It can automatically detect the three conditions of 
parallel operation. When the voltage, frequency and 
phase all meet the conditions of parallel operation, it 
can issue the closing instructions accurately and 
realize the function of automatic parallel operation. 
The block diagram of each performance test for the 
manipulator is shown in figure 4. 

The control program is programmed with 
modular design idea. The automatic parallel 
operation function of the manipulator is studied. 
Then the modules are divided according to the 
results of the study. The main modules are linked to 
each other to realize the control of the automatic 
parallel operation. 
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Figure 4: Structure diagram of manipulator 

control system 
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The automatic parallel operation subsystem has 
the function of automatically analyzing and judging 
the current state of the manipulator arm.  

Therefore, some state variables are set up in the 
subsystem. In the main module program, the PLC 
continuously reads, synthesizes and analyses these 
state variables, and decides which processing 
module to call according to the judgment result. 
Once the module is executed, it also decides which 
processing module to call.  

Returning to the main program and continuing to 
cycle the detection of state variables, the control 
device will continue to work in such a continuous 
cycle. 
 

4. Conclusion 
 
The application of PLC in the control of manipulator 
arm and the realization of automatic frequency and 
load regulation in operation process is a new 
development and supplement of automatic 
frequency and load regulation control technology. It 
has the advantage that traditional analog control 
scheme cannot achieve. Compared with the 
automatic frequency and load regulation device 
controlled by computer, the two methods have their 
own advantages. However, the reliability of PLC 
control is better than that of computer control, so it 
is more suitable for the application of auto-control 
manipulator arm. Through the research on the PLC 
automatic frequency and load regulation device of 
high-speed parallel automatic control manipulator 
arm, the use of PLC for automatic frequency and load 
regulation control are fully understood. 

Firstly, the use of PLC control is a good digital 
control scheme of automatic frequency modulation 
and load regulation. It has high control accuracy, 
rapid response and stable operation, and can fully 
meet the performance index of automatic frequency 
modulation and load regulation control of 
manipulator arm. 

Secondly, with advanced PLC as the control core, 
the reliability of the control is greatly enhanced, and 
the anti-interference ability is strong. Under the 
harsh environment, the automatic frequency 
modulation and load regulation operation can be 
carried out reliably and accurately, which ensures 
the continuity and safety of the power supply of the 
manipulator arm. 

Thirdly, the mechanical arm PLC automatic 
frequency and load regulation device has few 

components, low cost, high performance-price ratio, 
has good practical application value, can be used in 
practice, and has broad market prospects. 

In this era of rapid development of information, 
science and technology are changing with each 
passing day.  

The integrity of the design performance of 
cherry-picking manipulator based on PLC high-speed 
parallel automatic control is worthy of more in-
depth and detailed study. 
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