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Abstract 

According to the characteristics and functions of the control system of frame glue coater, 
a GUI model suitable for the man-machine interface of the system is proposed. Using the 
method of UML, the requirements analysis, interface structure design and sub function 
design of the model are carried out. According to the characteristics of UML, the man-
machine interface use case model and dynamic interaction model are established. 
Through the model, the work requirements, work flow, the relationship between various 
types, and the interaction of classes and functions of the system are described in detail, 
which improves the efficiency of man-machine interface design and implementation of 
coater control system and increases the convenience of later maintenance. The man-
machine interface of coater control system is realized by C + + object-oriented 
programming language, and the communication between man-machine interface and 
Beifu industrial control system is completed by ads communication protocol, so as to 
realize the communication and data acquisition between man-machine interface and 
hardware. 
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1. Introduction 

Coating machine is the main equipment [1] for the conductive circuit and shading coating of 65-80 

inch touch screen display. Its processing quality seriously affects the visual effect and touch 

experience of touch screen. Painting machine control system is one of the key parts to control the 

coating quality. Human-machine interface is the platform for the coating machine control system and 

operator interaction, and is an important part of the operation of the coating machine.The man-

machine interface operator can view and operate the relevant parameters, operating status, coating 

quality, coating efficiency, coating amount and coating state of the applicator, obtain the operation 

data of the applicator in real time, and process the alarm and prompt issued by the applicator.  

For the coating control technology, Yu [2] et al. performed control on the coating control system 

frequency converter, servo driver on the speed of the coil, traction and winding motor in the whole 

forward process, which avoids the film strip caused by different speed, and get a better process effect. 

For the control structure and specific implementation steps, Yang Jing [3] et al. designed the coating 

equipment control system based on PLC, realized the temperature control algorithm and deviation 

correction algorithm, and finally completed the system test and reliability analysis, showing that the 

control structure can meet the actual use requirements. For the control system of man-machine 

interface, Liu Tao [4] et al. studied the principle of interactive design of human-machine interface of 

CNC machine tool based on double blessing industrial control system, so that the human-machine 

efficiency was fully played. There are few studies on coating control system and less studies on 

human-computer interface. 
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With the progress of society, large-screen display applications are more and more widely used, such 

as medical care, education, transportation, real estate, catering, home entertainment, etc. By 2020, the 

annual demand for domestic touch large-screen display had reached 25 million units.With the 

increasing demand for touch screen display, the requirements for the coating quality and coating 

efficiency are becoming higher for the key role played by the coating machine. The researches on the 

coating machine control system have great significance. As for the touching screen in various sizes 

and shapes appearing on the market, the control systems of the coating machines follow three 

characteristics: 1, when a variety of equipment processing is carried out on one equipment, the 

underlying control is complex and highly professional; 2, people are prohibited to stand around the 

equipment when it is functioning, and the whole process must be presented through the interface; 3. 

Whether the processing of glass substrate is completed must indicated entirely by the signal light. 

The above characteristics make the human-machine interface plays an important role in the whole 

system. A good interface design can make the coating machine and the data in it display more clearly, 

and can quickly extract interface content, increase the efficiency and accuracy, reduce the 

misoperation and content search time, maximize the convenience, and ensure the quality and 

efficiency of coating processing to a certain extent.  

2. Organization of the Text 

2.1 Design Principle of Man-machine Interface of Coating Machine 

Industrial software’s man-machine interface design is mainly characterized by being simple, artistic, 

at scientific at the same time. Through human feelings and behavior researches via ergonomics, 

according to personal feelings and demand of coating machine control system operators, and the 

characteristics of coating machine control system, the following design principles are summarized: 

(1) The main interface displays as many processing and operation parameters as possible, and enables 

the operator to obtain the importance degree of the information and master the running state of the 

machine according to the word size; 

(2) Different prompt information is prompted with different marking colors, so the operator can obtain 

the coating information and distinguish important information as fast as the possible; 

(3) The operator can respond quickly and gain full control over the control interface at any time; 

(4) Make full use of the display space to make each control look coordinated and beautiful, and put 

the relevant information in one area if possible. 

2.2 Advantages and Disadvantages of UML Design for Coater Man-machine Interface 

A major advantage of UML is that it is not just a single language, but can create the language needed 

according to user needs. It provides a graphical language for specifications, including domain-specific 

classifiers and relationships to model [5] on the structure and behavior of embedded software 

development.UML defines the relevant terms of the modeling language, and uses the model to strictly 

define and unify the basic concepts and representation methods of the language.Using the UML 

provides a comprehensive description of the various features of the system through several models 

that come together to form a complete system graph. 

The comachine system is complex, each data and functions are interrelated. Using the UML method 

can describe each function and related data relationship in detail. UML also provides mode 

management to explain the relationship between modules. Developers can decompose the elements 

in each model to describe the whole system. This hierarchical and modular design mechanism is 

suitable for modeling the human-machine control system.Through the module division and functional 

structure analysis of coating machine control system, using UML-based visual modeling technology, 

the paper builds the human-machine interface model of coating machine system, complete the 

description of interface functional structure and object behavior, so as to make the interface module 

more flexible and convenient for developers to use and maintain.  
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2.3 Modeling and Analysis of Machine Control System 

2.3.1 Requirement Analysis 

Based on the outer screen A surface coating requirements of a large touch screen and the expected 

goal, the human-machine interface of the precision frame glue coating machine control system is 

analyzed.Get it as shown in Figure 1. 

 

 

Figure 1. Interface structure composition 

 

Requirements analyses for each interface are conducted, and the functional requirements for each 

interface are obtained. Primary interface is the main interface; The secondary interface parameter 

management implementation: in the parameter setting, the user can set the shaft speed and position, 

the nozzle and the coating head position, the zero of the substrate and both sides of the nozzle cleaning 

operations; Implementation in the system management: the I / O debugging interface realizes the 

open and closed display of each I / O port, Such as: whether the two groups of substrate support is in 

place information display, 20 vacuum adsorption and vacuum breaking state, nozzle 3 axis 12 return 

signals adjustment; The maintenance interface realizes the maintenance registration display of the 

applicator, the maintenance and replacement of each part and the operation of maintenance and 

replacement reminder; The manual interface is to realize the position control of the coating nozzle, 

the cleaning of the nozzle, the opening and closing of the photoresist valve, the shaft zero point setting, 

other operations and so on; The origin reset interface realizes the reset of X, Y, Z axis, the nozzle 

rotation axis, the substrate support and other operations; Automatic interface realizes the alternating 

replacement of two photoresist storage tanks, the confirmation of coating three-axis coordinates and 

rotating axis coordinates, and the monitoring of photoresist use; Implementation in the exception 

management: abnormal management implementation to view the abnormal information code and 

specific abnormal reasons generated in the day, this week and this month, And whether there is 

processing and processing time; Vacuum operation to achieve 20 vacuum adsorption mouth vacuum 

suction and vacuum breaking, vacuum sensor signal display in place and operation; Coat parameter 

adjustment interface realizes the manual adjustment of photoresist spraying amount, coating mode 

adjustment, nozzle parameters adjustment, coating data including coating thickness, height, speed 

adjustment; The switch button is responsible for switching each interface of level 2. 

After the requirement analysis, the above functions can be successfully abstracted to use cases to 

determine the interactive relationship between the function use cases to reflect the practical 

application of the system. Functional use case description was performed by the use case plot in the 

UML, as is shown in Figure 2. 
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Figure 2. System use case diagram 

2.3.2 Structure Model of the Applicator Man-machine Interface System 

Take coating system parameter management as an example, the internal function relationship [6] of 

this module is described. Through analyzing the C + + class sum involved in the use case design and 

the attributes and logical algorithms defined in the class, including the relationship of each class, the 

design class diagram is obtained, and structured description of the system control relationship is 

realized. As is shown in the figure, the MianThread function realizes the response of interface refresh 

response and other mouse button operations. The applicator system parameters are the overall 

parameters of running time, including X axis, Y axis, Z axis, rotation axis, support axis, feed, 

adsorption, clamp and other parameters, as is shown in Figure 3. 

 

 

Figure 3. Design parameter class diagram management 
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2.4 Interaction Relationship between the System Objects 

The previous section analyzes the requirements of the coating user and builds the system structure 

model according to the requirement model. This section, according to the relationship between the 

use cases, will determine the detailed control process between the use cases, so as to determine the 

communication order and describe the use cases in the next step and confirm communication order 

of the object behavior of the coating control system [7]. Take the parameter setting part as an example, 

as is shown in the figure.The user operates the system, generates operation instructions, judges and 

issues the instructions through the main thread Main_Pro () function cycle, and transmits information 

to the Select_Device class, and updates the display on the screen.At this point, the received message 

will also be passed to the request of the Show_Para class and the Operation class for the operation of 

the parameters, and call the GetPara(), SavePara(), SetPara() and other functions to do the 

corresponding operation on the called parameters, as is shown in Figure 4. 

 

 

Figure 4. Operation sequence diagram of parameter management class 

2.5 The CUI Concept Features 

DUI, also known as Duilib, is windows's free open source interface library (DirectUI interface library), 

which has been applied to its own products due to its simple and easily scalable design and stable and 

efficient functions. CUI (CoaterUI) was introduced by the author when developing the coator control 

system version. Compared with the original DUI, CUI fixed some problems and deficiencies, 

including the variety of controls, do not support animation, do not support translucent alien forms, 

unstable support for multithreaded, no support for touch devices (Surface, Wacom) and so on. At the 

same time, CUI, in company with efficient engine library Base, can make a stronger and more stable 

client interface when used to solve multi-threaded problems. For the human-machine interface, CUI 

is more suitable for the traditional interface development tools such as GUI, MFC and DUI. It has a 

beautiful interface, frame-logical separation, smaller volume, strong system compatibility and other 

characteristics. 

2.6 Human-machine Interface Design and Implementation 

Modular design of human-computer interface requires interaction friendliness at the early stage of 

design, and the progress and innovation of industrial topcomputer provide a new dimension.Based on 

the previous design experience of coating machine man-machine interface, according to the current 

use requirements of coating machine control system and the current situation, several design 

principles of man-machine interface of coating machine control system are obtained: consistency, 

ease of use, reasonable feedback information and openness. 

First of all, in terms of display color, in order to make the interface simple and monotonous, this paper 

uses the blue, black and black base style # 121212 as the color tone.As shown in Figure 5. 
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Figure 5. color motif 

 

Secondly, in terms of text display, the same font style is used, and different levels of text use different 

sizes to achieve the strength effect of different levels of content prompts, so that the operator is easier 

to distinguish between different levels of messages.Such as startup time, production efficiency, output, 

etc., the use of large font display is easier to pay attention to and distinguish from other prompt 

information.As shown in Figure 6. 

 

 

Figure 6. Distinguish the word display 

 

When the system operation failure, warning, action is completed, red, yellow, pure background of the 

text background respectively as prompt, red is emergency information, yellow is alarm information, 

pure background is general prompt information, so as to distinguish different types of messages.The 

specific information adopts the form of text prompt, so that the information displays orderly.As 

shown in Figure 7. 

 

 

Figure 7. Message prompt 

 

According to the above requirements of coating machine control system interface design, cut, through 

XML file separation, the overall layout framework, finally by programming for each control message 

processing and logic processing to complete the human-computer interface, part of the human-

machine interface shown in Figure 8, Figure 9 and Figure 10. 
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Figure 8. login interfacet 

 

 

Figure 9. main interface 
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Figure 10. Run the interface automatically 

2.7 Communication with BeckhOff TwinCat System 

In order to realize the communication between the upper computer and the coating control system 

and the hardware communication, it is necessary to combine with the coating industrial control system 

and realize the communication with the system and hardware through the data exchange with the 

coating industrial control system.This system adopts C6140 equipment, the system provides ADS 

communication protocol to realize the industrial control platform and third party system 

communication, ADS can not only realize the internal modules and cooperative operation, each 

module operates independently, but also realize data receiving and transmission of the control system 

through ADS.The calling process is shown in Figure 11. 

 

New project
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Read 
write 

variable Define tcadsclient object
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return results
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Figure 11. Run the interface automatically 
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Human-machine interface of coating machine control system realizes access to TwinCAT control 

system data of the Fortune C6140 industrial control machine through ADS communication 

protocol.Such as the transmission of the operation program, the program information view, the 

transmission of process parameters, as well as the glass substrate support, the glass substrate stomatal 

adsorption, the feeding pressure, the speed and position of each servo shaft and so on data.The 

following are the interfaces for the ADS calls: 

1) AdsPortOpen: Establish a link with the TwinCAT system. 

2) AdsPortClose: Close the establishment link with the TwinCAT system. 

3) AdsGetLocalAddress: Return to the local NetId and port number. 

4) AdsSyncWriteReq: Sync and write the data to an ADS device. 

5) AdsSyncReadReq: Sync the data from the ADS server. 

6) AdsSyncReadWriteReq: Device data reading and server writing. 

7) AdsSyncReadStateReq: Current data communication status. 

8) AdsSyncAddDeviceNotificationReq: Notification is defined in the ADS server.When the 

communication occurs, the function is called on the ADS client, and the user can call itself to send 

the prompt message. 

Data communication between the upper computer and TwinCAT is established through ADS 

communication protocol. When the human interface sends commands to the system or changes, the 

workflow is shown in Figure 12. Implement the interface update and the data operation of the lower 

bits computer. 

 

Interface 
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Read PLC configuration 
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with PLC

Connection 
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Y
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N

Read PLC data

Update interface
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command or PLC time
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Modify related 
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User command PLC events

 

Figure 12. Communication process between upper computer and control system 
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3. Conclusion 

This paper uses UML method for the man and machine interface of man-machine control system, and 

provides modeling method and functional framework for the development of control system. Finally, 

the ADS communication protocol is realized to communicate with the Fortune TwinCat system, and 

the data exchange between the human-machine interface and the hardware and the lower computer is 

completed, so that a complete man-machine interface system can run on the applicator control system. 
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