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Аннотация.  

Китай является крупным производителем чая. Сбор урожая чая в основ-

ном осуществляется путем ручного выщипывания и машинной резки. Сбор 

урожая вручную требует много времени и кропотливой работы, в то вре-

мя как машинная резка не отличается избирательностью. Для решения 

этих проблем разработка автоматизированного устройства для сбора 

чая, которое отличается избирательностью, эффективностью и низким 

уровнем повреждений, стало неизбежным выбором для содействия устой-

чивому развитию чайной промышленности. Для достижения автоматиза-

ции была внедрена система автоматического управления сбором чая. Эта 

конструкция основана на трехосевой системе управления с использованием 

ПЛК (программируемого логического контроллера). В нем рассматрива-

ются такие аспекты, как выбор и согласование параметров серводвигате-

ля, разработка блок-схем управления движением, разработка и внедрение 

программ ПЛК, а также проектирование интерфейсов взаимодействия 

человека и машины. Контроллер ПЛК Siemens S7-1200 используется для 

обеспечения одноосевого и многоосевого управления трехосевым механиз-

мом. Управление по одной оси включает в себя режим перемещения рабо-

чего места, режим относительного перемещения и режим абсолютного 

перемещения по осям X, Y и Z соответственно. Режим координированного 

управления по трем осям включает в себя режим абсолютного перемеще-

ния и режим относительного перемещения. Функция мониторинга состо-

яния реализована через человеко-машинный интерфейс (HMI). В ходе экс-

периментальных испытаний системы было доказано, что разработанная 

трехосевая система сервоуправления может соответствовать требова-

ниям управления движением. 
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1. Introduction 

Tea, which is rich in various nutrients such as tea 

polyphenols, aromatic oils, minerals, proteins, and vit-

amins, offers health benefits including blood pressure 

reduction, lipid lowering, and immune 

enhancement[1]. Additionally, it provides effects such 

as refreshing the mind, dispelling oil and relieving fa-

tigue, making it one of the "three major non-alcoholic 

beverages" in the world today[2]. Tea tasting has be-

come an indispensable part of people's lives. China, as 

the birthplace of tea plants and a major producer of 

tea[3], currently employs two primary methods for tea 

leaf harvesting in its tea gardens: manual plucking and 

mechanical harvesting using tea-plucking machines. 

Manual tea plucking is an arduous and time-consuming 

task[4]. In the context of ongoing urbanization and an 
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aging population, an increasing number of young peo-

ple are reluctant to engage in tea plucking, leading to a 

labor force primarily consisting of women and older 

adults. This labor shortage has resulted in situations 

where tea leaves in some areas are either not picked or 

harvested untimely. Compared to manual plucking, 

using tea-plucking machines can alleviate the pressure 

of labor shortages and significantly enhance the effi-

ciency of tea leaf harvesting. However, the mature tea-

plucking machines currently available in the market 

adopt a method of cutting tea tree tips for harvesting, 

leading to a "one-size-fits-all" approach[5, 6]. The 

quality of fresh leaves harvested using this method is 

notably inferior to that of manually picked leaves, as it 

collects both new and old leaves while also incorporat-

ing a substantial amount of tea stems and substandard 

leaves. Consequently, this results in a significant work-

load for subsequent screening and sorting. Therefore, 

to address the issues of inadequate labor and high costs 

in the harvest of high-quality tea, as well as the limita-

tions of existing conventional tea harvesting machin-

ery, it is necessary to research automated tea harvesting 

equipment as a replacement for manual labor[7]. Au-

tomation machine includes three main components that 

are machine vision, servomechanism, and chassis. The 

paper focuses on design and research on mechanical 

structure of tea plucking[8]. This study mainly consid-

ers the automation design of a three-axis servo mecha-

nism. 

 2. Design architecture 

The agricultural mechanization industry has been 

experiencing an increasing demand for higher quality, 

more efficient, and automated machinery[9, 10]. Many 

industrial controllers have also been widely used in the 

agricultural sector. PLC, as an essential industrial au-

tomation control device, plays an indispensable role in 

modern industrial production[11, 12]. The three-axis 

linkage control system has various control methods 

such as relay control, computer control, and PLC con-

trol. Due to the programmable, expandable, real-time, 

easy to maintain, and strong programmability features 

of PLC[13, 14], the Siemens S7-1200 PLC is chosen as 

the controller for this design. The Siemens S7-1200 

[15]can perform tasks such as logic control, data pro-

cessing, monitoring, upper computer connection, and 

network communication. The CPU model of this PLC 

is CPU 1215C DC/DC/DC, which has 16 digital in-

put/output ports, analog I/O ports, and an integrated 

PROFINET interface. The CPU can be expanded with 

8 signal modules on the right side and can connect up 

to 3 communication modules on the left side. Addition-

ally, the S7-1200 CPU 1215C DC/DC/DC facilitates 

user development and maintenance and allows com-

munication with the HMI[16]. HMI is designed based 

on the object-oriented principle to guide and assist op-

erators in monitoring and managing the field according 

to their work requirements. In this system's human-

machine interaction terminal, the MCGS touchscreen, 

model TPC1071Gi, is used. This touchscreen is used in 

conjunction with the PLC and is connected via Ether-

net, enabling real-time monitoring and control of the 

entire system. TIA (Totally Integrated Automation) 

Portal software[17, 18], developed by Siemens, is an 

engineering framework that offers an integrated ap-

proach to automation needs. It combines functionalities 

for the configuration, programming, test, and diagnos-

tics of different automation systems in a single inter-

face. It also covers all digital and analogue I/O sys-

tems, networked systems such as PROFIBUS & 

PROFINET[19, 20], PLCs, HMIs, and drives. This 

design uses the Profinet protocol for communication 

between the PLC controller, PC computer, and MCGS, 

transmitting data through Ethernet. A stepper motor is 

chosen as the power source. The number of pulses and 

current size required for each rotation of the motor are 

set through the driver, and high-speed pulses are emit-

ted by the PLC1200 for positioning control. This pro-

ject uses a 57 series two-phase stepper motor with a 

 
Fig.1.System architecture 
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step angle of 1.8°, a torque of 2.3N, and a rated current 

of 3.0A. The model of the stepper motor driver is 

M542. The subdivision setting of the stepper motor 

driver selects a subdivision number of 4800 puls-

es/rotation; for the current setting, the average current 

is 2.8A and the peak current is 2.9A. The movement in 

the X, Y, and Z directions within the space is achieved 

through a three-axis linkage module. This structure is a 

typical series mechanism, with the motor providing 

power and the power being transmitted through ball 

screws, etc. The driven moving component slides along 

the guide rail for linear motion. With three-axis link-

age, any target point within the working space can be 

reached. Limit switches and proximity switches are 

used for motion control limiting and homing position 

locating respectively. The design architecture is shown 

in the Fig.1. 

3. Implementation 

3.1 I/O address assignment 

The input ports I0.0 to I0.5 correspond to the limit 

switches of each axis. They are all equipped with roll-

er-style mechanical limit switches to prevent the mo-

tion object from exceeding the working range. The 

input ports I0.6 to I1.0 are connected to the home 

switches of three axes. They use photoelectric proximi-

ty switches installed at the home positions of each axis. 

When the motion object is at the home position, it 

sends a signal to the PLC for easy reading of the posi-

tion of the motion object and better control. I1.1 is 

connected to a normally open mechanical emergency 

stop button. After pressing the button, it needs to be 

manually rotated for reset to ensure safety, as shown in 

Fig. 2. The output ports Q0.0 to Q0.5 are connected to 

the PUL (pulse output) and DIR (direction pulse) of the 

driver. The PLC sends pulses to the driver, and the 

driver controls the stepper motor accordingly, as shown 

in Fig.3. 

3.2 Communication protocol 

   After selecting the option to allow PUT/GET 

communication access from remote objects in the PLC 

connection mechanism of the TIA Portal software, the 

PLC can communicate with MCGS. This is because 

before the communication between the PLC and the 

upper computer, it is necessary to allow PUT/GET 

communication access from remote objects. This is 

because the communication between the PLC and the 

upper computer is implemented through a network 

protocol, and PUT/GET communication is a commonly 

used network protocol. PUT/GET communication re-

fers to the way of communication using the PUT and 

GET methods of the HTTP protocol. The PUT method 

is used for uploading data, and the GET method is used 

for retrieving data. As a network device, the PLC needs 

to support the PUT/GET protocol to realize communi-

 
Fig.2. input signal of PLC 

 
Fig.3.input signal of PLC 
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cation with the upper computer. The touch screen 

communicates with the personal computer and S7-1200 

using Ethernet, and it is necessary to coordinate the 

control signals between the devices. Therefore, it is 

necessary to set up the physical connection and IP ad-

dress of the local area network. In the touch screen 

software, the remote IP is set as the address of the S7-

1200 PLC, and the local IP is set as the address of the 

touch screen. It is important to ensure that the IP ad-

dresses are set within the same network segment to 

avoid duplication and affect communication. 

3.3 The overall software design  

The operation program of three-axis servo mecha-

nism is designed into three working modes, namely, 

move jog, move relative, move absolute. After the sys-

tem is powered on, the MCGS displays the interface 

and then enters the main screen. In the screen, opera-

tors can choose in to sub-screens. Under the debugging 

interface, the operation mode of x、y、z axis can be 

selected in sequence. It realizes forward, backward, 

back to the origin, positioning movement. When the 

servo mechanism moves to the localization limit point, 

the system can reset itself and reverse operation can be 

performed. When returning to the origin or positioning  

 

Table1 IP Address Setting  

Device     IP Address 

S7-1200 192.168.0.1 

PC 192.168.0.2 

MCGS 192.168.0.3 

 

 
Fig. 4. Flowchart of program 
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movement, a signal will be given and return to run. The 

main control flowchart is shown in Fig.4. 

3.4 HMI Design 

Human Machine Interface is a device for the ex-

change of information between operators and ma-

chines, which is used to realize the dialogue and inter-

action between operators and computer control system. 

In this system, MCGS touch screen is used as the con-

figuration monitoring device, and MCGS embedded 

version is used to configure the touch screen. The sys-

tem mainly includes 5 interfaces, which are the main 

screen, move mode screen, move jog screen, move 

relative and move absolute screen, origin screen. Under 

the screen of operation mode, the user can choose sin-

gle axis or three-axis coordinated operation, and the 

screen displays the current running state at the same 

time. Interface of HMI panel program is shown in 

Fig.5. 

4.Conclusion 

The study is based on the Siemens S7-1200 PLC 

controller and has completed the design of the three-

axis servo mechanism control system for plucking tea. 

This design allows the mechanism to achieve inde-

pendent control in the x, y, and z directions, as well as 

three-axis coordinated control, laying the foundation 

for the next step of integrating machine vision to real-

ize the location of tea shoots. 

 

 
a. Main screen 

 

 
b. Mode screen 

 

Fig. 5. Interface of HMI 
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Abstract.  

China is a major producer of tea. Tea harvesting mainly relies on manual 

plucking and machine cutting. Manual plucking is time-consuming and la-

borious, while machine cutting lacks selectivity. To address these issues, 

the development of an automated tea harvesting device that is selective, 

efficient, and has a low damage rate has become an inevitable choice for 

promoting the sustainable development of the tea industry. In order to 

achieve automation, a tea harvesting automatic control system is imple-

mented. This design is based on a three-axis servo control system using a 

PLC (Programmable Logic Controller). It explores aspects such as the se-

lection and matching of servo motor parameters, the design of motion con-

trol flowcharts, the development and implementation of PLC programs, and 

the design of human-machine interaction interfaces. The Siemens S7-1200 

PLC controller is used to achieve single-axis control and multi-axis control 

http://creativecommons.org/licenses/by/4.0/
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of the three-axis mechanism. Single-axis control includes job movement 

mode, relative movement mode, and absolute movement mode for the X-

axis, Y-axis, and Z-axis respectively. The three-axis coordinated control 

mode includes absolute movement mode and relative movement mode. The 

status monitoring function is implemented through the human-machine in-

terface (HMI). Through experimental testing of the system, it has been 

proven that the designed three-axis servo control system can meet the re-

quirements of motion control. 
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