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Abstract—In recent years, wireless communication technology has devel-
oped rapidly and the speed of wireless communication data transmission is fast-
er and faster, as well as remote control delay has greatly reduced, which is al-
most negligible, so the remote control is gradually being widely used in various 
fields. This paper achieves the  motion control of picking manipulator and ob-
stacle avoidance system with the advantages of IOT remote control technology 
and PLC real-time control system. Experiments show that the designed picking 
manipulator motion control and obstacle avoidance system not only have strong 
obstacle avoidance ability but also have smooth path optimization with high re-
liability and stability. 

Keywords—Internet of Things; Remote Control; PLC; Manipulator; Motion 
Control; Obstacle Avoidance  

1 Introduction 

Robot and the Internet of Things remote control is the development direction of fu-
ture modern agriculture instead of the traditional forest picking operations, improving 
the standardization of agricultural production and efficiency. Mechanical hand is an 
important part of the robot, and the control system programmed to achieve the desired 
operation, therefore, it reflects the strong artificial intelligence combining people and 
machines. This article will design and verify the motion control of manipulator and 
obstacle avoidance according to the characteristics of the picking robots and the oper-
ation mode of the manipulator so as to realize the obstacle avoidance and path optimi-
zation function of the manipulator. 
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2 Framework of Remote Motion Control System of Picking 
Manipulator   

This paper presents a remote motion control system based on PLC and includes 
client and server in order to realize the remote control of manipulator of picking ro-
bot, among which the server is divided into two parts, namely are video capture and 
manipulator control, and the client includes real-time monitoring, control, simulation 
and so on to the manipulator. The overall structure of the system shown in Figure 1. 

 
Fig. 1. Overall Frame Structure Chart of System  

Shown in Figure 1, remote motion control system of picking manipulator consists 
of four parts, as follows: 

1. Communication protocol module: a. The client and the server use network protocol 
to communicate. Specifying the format of the data packet on the client, and with a 
confirmation mechanism, while the server parses according to the data packet pro-
tocol; b. Determining the format of data transmission protocol packet of the visual 
server. 

2. Robot-control server module: a. Client operates the interface of manipulator; b. 
simulation and obstacle avoidance of manipulator motion control; c. robot simula-
tion system. 

3. Manipulator module: Manipulator is used for picking and grabbing, is mainly re-
sponsible for the picking and grabbing of the target object. 

4. Video server module: a. The front end of manipulator is equipped with CCD vision 
sensor, which is used to collect and obtain real-time information in front of it. The 
collected video is data analyzed and processed and then fed back to the client serv-
er. 

Throughout the architecture, the manipulator is the most important module, which 
can achieve gripping action of claws according to the action of robot controlling serv-
er programming solenoid valve, the simulation model design shown in Figure 2. 
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Fig. 2. Simulation Model of Picking Manipulator Module 

3 Hardware and Software Design of Motion Control And 
Obstacle Avoidance of Picking Manipulator 

3.1 Hardware Platform of Picking Manipulator System 

PLC Control System. The design uses Simon s-200PLC as the core controller of 
the system, which contains the central microprocessor, memory, handheld program-
mer, power supply and various input and output interfaces. PLC controller usually 
adopts software programming to realize the function of relay, timer as well as digital-
analogue and digital conversion. In addition, PLC uses internal bus to realize the 
transmission of data information. The framework of PLC control system shown in 
Figure 3. 

 
Fig. 3. Frame Diagram of PLC Control System 
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Parameter Conversion of Manipulator Motion Control . When the system con-
trols the manipulator, it needs to know the specific parameters such as its position, 
running speed and accelerated speed and so on in real time in the process of the ma-
nipulator motion control. In this paper, the control of the manipulator is controlled by 
the GT-400-SV motion control card. The units of each parameter are pulse, pulse/ST 
and pulse /ST 2 , among which ST is a cycle time to control it generating a pulse. 

Set the exercise position. In the position setting of closed-loop servo system, the 
manipulator's speed and position parameters are expressed as (1) and (2) respectively: 

    
)(**4 pulse

L
spposition =

                                            (1) 

    
)(**m pulse

L
spposition =

                                          (2) 

Where position is the movement position of the manipulator; L is the length of the 
manipulator joint. 

Speed setting. In the closed-loop servo system, the manipulator speed is set to the 
speed control mode, the screw speed expression is: 
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Motor speed expression is: 
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According to the operating characteristics of PLC controller four times frequency, 
the expression of the servo controller setting the speed is: 

   L
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Among them, V is the motor speed; Vel is the setting speed of the servo controller. 

Accelerated speed setting. In a closed-loop servo system, the drive is in speed con-
trol mode just like the previous two parameters, and the expression of the screw ac-
celerated speed is: 
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And the motor speed calculation expression is: 
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According to the operating characteristic of PLC controller four times frequency, 
the expression of controller accelerated speed is: 

  
)/(

2
10*4** 2

3

splusepnaacc =
                                         (8) 

Where aac is the acceleration value of controller setting; a is the motion accelerat-
ed speed of manipulator; m is the pulse multiplier. 

3.2 Software Platform of Picking Manipulator System 

Software design of picking manipulator system includes two aspects, namely are 
control server (lower computer) and the local client (PC). The control server mainly  
considers PLC as the core of the controller and is responsible for collecting the real-
time operation status of the manipulator and analyzing the image information of the 
video server, as well as analyzing the data packet of the local server and controlling 
the manipulator in real time, and sending the data information to the local server side 
by the way of network communication to complete the interaction between the two 
messages. The local client is mainly composed of PC host computer control software, 
which can send control commands and receive and display the position, speed and 
accelerated speed information of picking manipulator. The software architecture of 
picking manipulator system as shown in Figure 4. 

 
Fig. 4. Software Design Architecture of Picking Manipulator System  

In the design of the whole software, the PLC control program in the control server 
is the most complicated, which includes four parts: public use, automatic, manual and 
initialization. Main program of PLC software shown in Figure 5. 
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Fig. 5. Main Program Diagram of PLC Software 

As shown in the figure above, CJ is a conditional jump instruction, which mainly 
implements program jump, reducing unnecessary execution time of the program and 
improving system efficiency. X0 and X1 are mode selection ports. When X0 is 
closed, and X1 is disconnected, the program is automatic control mode, and when X0 
is off, and X1 is closed, the program is manual and back-to-the-original program. 

4 Kinematics And Obstacle Avoidance Principle of Picking 
Manipulator 

4.1 Analysis of Dyn Motion of Picking Manipulator 

In order to realize the real-time control of the picking manipulator, we first need to 
set up the planar model of the manipulator, which is an important prerequisite for 
tracking and controlling the running trajectory of the manipulator. The plane mainly 
analyzes manipulator support structure dynamically through the mechanics principle, 
and achieves its control according to various parameters of the manipulator, achieving 
the purpose of path planning and obstacle avoidance. Plane and space structure of 
picking manipulator dynamics shown in Figure 6. 

 
Fig. 6. Plane Structure Chart of Picking Manipulator Dynamics 
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Fig. 7. Space Structure Chart of Picking Manipulator Dynamics  

As shown in FIG. 7, l1 is an articulated rod 1 with a length of 250 mm and a varia-
ble angle of 0-180 °; l2 is an articulated rod 2 with a length of 250 mm and a variable 
angle of 0-100 °. In addition, since the joint encoder of the manipulator adopts the 
encoder operation mode, the manipulator needs to be initialized each time the motion 
program is called. The expression of coordinate switch between joint coordinate sys-
tem and rectangular plane coordinate system is: 
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Where x and y are the coordinates of joint 2 in the rectangular coordinate system; 
and q1 and q2 are the angles of joint 1 turning in the spatial coordinate system. 

 The position of the end of joint 2 at the X-Y plane can be calculated according to 
Eq. (9), and then the motion of the manipulator can be controlled. The calculation 
expression is: 
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 We can get the expression of inverse kinematics based on (9) and (10) : 
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The control server directly processes the joints of the manipulator. When control-
ling the manipulator, the distance traveled by the manipulator and its current position 
need to be calculated, and the calculation of the distance is usually performed by 
using a pulse, and the calculation expression is as follows: 

 
)(** pulse

L
spmposition =

 (12) 

Where s is the absolute distance from the articulation to the target position. 
The distance is calculated as: 

 360
*2* ls !"

=
 (13) 

Where ! is the angle which manipulator joint 2 turns. 

4.2 Obstacle Avoidance Principle of Picking Manipulator 

A tangent or overlap of a manipulator and an obstacle indicates the possibility of a 
collision, otherwise, the probability of a collision is zero. Therefore, obstacle avoid-
ance can be achieved by only considering the situation where the manipulator and the 
obstacle target are tangent or overlapped in the process of manipulator motion control. 
In order to determine the possibility of collision between manipulator and obstacle, 
this paper uses artificial potential field method to analyze the surface repulsion of 
manipulator and obstacle, and dsafe and dmin respectively represent the safety dis-
tance and limit distance from manipulator to obstacle; d is the minimum distance from 
manipulator to obstacle surface. The distance relationship between manipulator and 
the obstacle surface is shown in FIG. 8. 

As shown in Figure 8, repulsive force is calculated according to three direct dis-
tances, respectively from d, dlim, dsafe to manipulator: 
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Where K is the proportional coefficient; fmax is the maximum repulsion. The rela-
tionship between K and fmax is: 
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D is less than dsafe when the manipulator is near to the obstacle, indicating that 
there is a possibility of collision. When the manipulator continues to move to obsta-
cle, that is, when d is smaller than dlim, indicating that the system is in an emergency, 
and if the manipulator does not change the route, collide happens immediately. In this 
case, in order to prevent it from happening outside, you should stop manipulator mov-
ing to the obstacle direction. Instead, you should change the route to avoid obstacles 
so as to make manipulator into safe environment. 

 
Fig. 8. Distance from Manipulator to Obstacle Surface  

5 Analysis of Experiments and Results 

In order to verify the real-time nature and reliability of motion control and obstacle 
avoidance system of picking manipulator, this paper used MATLAB to simulate the 
experiment. In the test, the step length was set to 0.5 °, and the purpose of the test was 
to test whether the manipulator had the ability to effectively avoid obstacles to the 
space obstacle and re-route. Simulation results shown in Figure 9. 
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Fig. 9. Simulated Chart of Manipulator Obstacle Avoidance 

As shown in FIG. 9, the manipulator advanced in the positive direction of the x-
axis and reached the point A when stepped 180 times. At this moment, the maximum 
repulsive force fmax was reached with an obstacle. Therefore, the system adopted the 
obstacle avoidance measure and the obstacle was successfully bypassed. The experi-
mental results showed that the system can avoid the obstacle to the target point with 
the optimal arc path when it encountered the obstacle, and the optimization effect was 
obvious with strong obstacle avoidance and path planning ability. 

6 Conclusion 

In this paper, the frame of remote motion control system of picking manipulator is 
described firstly. Then the whole hardware and software of the system are designed 
effectively. Finally, the motion process of the manipulator is modeled, the principle of 
motion control and obstacle avoidance is calculated and analyzed, and motion control 
and obstacle avoidance system of picking manipulator have been realized. The exper-
imental results showed that the system can avoid the obstacle to the target point with 
the optimal arc path when it encountered the obstacle, and the optimization effect was 
obvious with strong obstacle avoidance and path planning ability. 
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