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Abstract. This paper takes a new material enterprise in Shaanxi as the 
research subject, obtaining the production order, process parameters, 
employee information, material information and other data by analyzing 
the API interface of enterprise information management system SAP ERP, 
and gaining the machine operation status data through the network card 
communication of industrial Internet architecture. Based on the obtained 
data, a production monitoring management model is established to achieve 
the functions of automatic production scheduling, equipment monitoring 
and health status management, process material flow, production work 
report and so on. On the basis of the networking and real-time monitoring 
data acquisition of the equipment, the current health status and future fault 
trend of the equipment are evaluated, and a series of operation and 
maintenance support decisions and task planning suggestions are provided. 
Finally, the MES system based on industrial Internet architecture is 
designed and implemented, which realizes the intelligent operation and 
maintenance of production equipment objects, and solves the problems of 
human, machine unified management, control and maintenance of 
materials.  
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1 Introduction 

With the further deepening of China's Internet industry, more and more industrial 
enterprises put forward the strategic goal of "high efficiency, high technology, low 
pollution and low energy consumption". As the product of the deep integration of the new 
generation of information technology and manufacturing industry, MES (Manufacturing 
Execution System) carries out information integration on the basis of enterprise automation, 
It is an important way for manufacturing enterprises to improve and develop better. 
However, at present, a large number of medium and high-level enterprises have the 
characteristics of multi variety and small batch production, mixed assembly line production 
and coexistence of order oriented and inventory oriented production[1].The basic data is not 
perfect, the level of information intelligence is low, and the management mode is more 
traditional, resulting in many disadvantages such as low production efficiency, low 
equipment utilization, serious material waste and high production cost. In the production 
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and operation process of a new material Co., Ltd. in Shaanxi, the main problem is that 
although the enterprise resource management planning system of SAP ERP in Germany is 
quoted, in actual production, the formulation of production plan, the monitoring of 
production progress and the statistics of production materials still rely on manual operation, 
and the production scheduling depends on experience. The production planning and 
scheduling system developed by enterprises for the production of new materials has low 
satisfaction in the process of practical application. The main problem is that enterprises still 
have insufficient understanding of advanced manufacturing mode and insufficient 
experience in production planning and scheduling[2]. 

This paper obtains the production order, process parameters, employee information, 
material information, equipment status and other data through the API interface of SAP 
ERP of the enterprise, obtains the equipment status data through the industrial Internet, and 
develops a set of intelligent production execution system, which realizes the automatic 
production scheduling of the production workshop, equipment monitoring and health status 
management, process material flow, dispatch It realizes the unified management, control 
and maintenance of people, machines and materials in manufacturing factories. 

2 System requirements analysis 

2.1 Research on MES system development 

Build MES (Manufacturing Execution System) system, obtain production order, materials, 
personnel, equipment, process equipment and other parameters through docking with SAP 
ERP system, and obtain workshop equipment status parameters through industrial Internet 
architecture, so as to realize the functions of automatic production scheduling, dispatch, 
material flow, work reporting, statistical analysis and so on, Support workshop production 
decision-making and site management [3]. 

2.2 Equipment management information system 

Equipment is the material basis for enterprises to carry out various production and business 
activities. Scientific and reasonable equipment management methods can help production 
managers find production bottlenecks, reasonably arrange production plans, improve 
equipment utilization and prolong equipment service life. The functions and objectives of 
the equipment management component mainly include: equipment account management, 
which realizes the management of equipment files, parameters, accounts, spare parts, 
maintenance, etc; Equipment operation status monitoring: real time monitoring of 
equipment operation status (operation / fault / shutdown) and equipment operation 
parameters in the form of configuration, and supporting energy data acquisition based on 
time; Network and monitor the equipment, evaluate and manage the health status of the 
equipment, predict the future trend of the equipment, and provide a series of maintenance 
support decisions and task planning suggestions, so as to realize the intelligent operation 
and maintenance of equipment objects[4] [5].  

2.3 Application information system integration 

This paper studies the networked sharing of workshop data, forms the closed-loop 
management of workshop production, and realizes the visual display platform of workshop 
data. Form a line chart or histogram display with specific significance, display the change 
law of production process, equipment utilization, energy consumption and other data in real 
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time and dynamically, and display the data through station machine, workshop display 
board and mobile terminal. 

3 Detailed design of the system 
In the daily application of the enterprise, the top-level SAP ERP generally formulates the 
work plan according to the market demand and sales plan, and sends it to the MES system 
of the corresponding workshop. The work plan includes the material type, production 
quantity, completion date and standard material BOM. At the same time, the standard 
production process, design documents and Information such as processing equipment and 
parameters are synchronously distributed to MES system; Based on this information, MES 
generates more detailed resource allocation, control parameters, processes and production 
scheduling, and forms work orders to issue to workshop operators. MES processes and 
feeds back the information to SAP ERP Based on the feedback production and processing 
information, such as work order status, completion status, start and end time, actual 
material BOM, actual production process and actual inventory status. Through the deep 
integrated application of MES and SAP ERP, it can realize automatic data interaction 
between systems, timely production preparation of warehouse resources, real-time 
collection and statistics of production process parameters, improve product quality, ensure 
safe production, realize the whole process tracking, monitoring, recording and information 
management of parts processing, and integrate the above advantages, Two subsystem 
versions of C/S and B/S with different architectures for different roles and users are 
designed[6]. 

3.1 Construction of workshop equipment interconnection 

For the heterogeneous industrial equipment in the workshop, the relevant industrial 
standards of industrial Internet are introduced to realize equipment networking and 
information collection, data collection and transmission through the switch, and the 
construction of workshop local Internet is completed. 

The design of Internet equipment is divided into hardware architecture scheme and 
software architecture scheme. 

The network topology of the hardware is shown in Figure 1: 

 

Fig. 1. Network topology of hardware. 
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According to the conditions of machine tools in the workshop, the project adopts two 
communication modes of "network card" and "serial port". For equipment with network 
card, network card communication shall be collected first, and the network cable led from 
the switch shall be directly connected to RJ45 port at the equipment end to realize 
communication through FTP function of cps-dnc system. For machine tools with network 
card, network card communication is adopted, and the network cable can be directly 
connected to the RJ45 port of the equipment. Data acquisition adopts ETL extraction 
technology and has an independent data center; The main database collects data (dynamic 
data) once a day when it is idle, and the sub database mode can be flexibly applied 
according to the amount of data; The filter is designed according to the customer 
management requirements and directly written into the upper database; Separating 
historical data from current data; Deploy system data and business data separately, split 
business data according to rules, and enable static database compression. The network 
system must be able to ensure the security of information transmission and prevent the NC 
equipment in the workshop from being damaged by malicious viruses[7]. 

The architecture of the system is shown in the figure below: 

 

Fig. 2. Software architecture. 

The software architecture of the system can be divided into five layers: communication 
protocol layer, data acquisition layer, data analysis layer, data interface layer and upper 
application layer. The design scheme of each floor is: 

Communication protocol layer: device acquisition can be collected by software or 
hardware, supporting different kinds of communication protocols. 

Collection layer: the collection service submits the collected data to the data layer and 
exposes the external interface for external system docking. 

Data layer: the data layer is hosted and processed by Mongo and SQL server. Timely 
data acquisition is directly into Mongo to improve the response speed of data acquisition 
and meet the requirements of high concurrency and big data acquisition. The data is 
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extracted, transformed and loaded into the relational database SQL server through ETL for 
data analysis and upper business, and the third-party access system is also opened to a 
certain extent. 

Data interface layer: open data and analysis results to upper layer devices and third-
party system calls through web API. 

Upper application layer: an interactive interface built for PC or mobile terminal for 
users. 

3.2 Research on MES system based on cloud platform 

MES system is an important industrialized software at present. Sap in Germany and Oracle 
in the United States have their own MES systems with powerful functions and complex 
structure. Shanghai HanDe information "a cloud MES intelligent manufacturing system" 
has also been widely used in China. However, these MES systems are huge, expensive and 
difficult to deploy, which are not suitable for small and medium-sized enterprises. 
Therefore, the cooperative enterprise proposes that schools and enterprises cooperate to 
develop lightweight MES and customize the intelligent manufacturing execution system 
suitable for the current situation of the enterprise[8]. The overall project architecture is 
shown in Figure 3: 

 

Fig. 3. Overall system architecture. 

The intelligent manufacturing system is composed of cloud platform data office server 
and C/S mode client. The advantage of cloud platform database server is that it uses 
distributed storage to store data and redundant storage to ensure the reliability of stored data. 
In addition, cloud computing system needs to meet the needs of a large number of users at 
the same time and provide services for a large number of users in parallel. The advantages 
of C/S mode are good stability, fast response speed, separation of application from server, 
and stability and flexibility of the system[9]. 

The system supports more than 50 concurrent users, and can save the data of daily 
system use for more than 10 years, so as to ensure the stable operation of the system and 
related equipment for 24 hours, and the failure rate is less than 95%. Query a piece of data, 
the response is less than 2S, and the updated data is less than 2S. For complex reports, the 

ITM Web of Conferences 47, 01016 (2022)

CCCAR2022
https://doi.org/10.1051/itmconf/20224701016

5



average query time is 20 s. The whole system has good expansibility and upgrading ability. 
All application modules adopt advanced and standard technology and reserve interfaces. 

3.3 Big data and data visualization technology 

Aiming at a large number of factual data collected at the industrial production site, how to 
construct the optimal data structure and algorithm to realize the real-time and effective 
processing of data, and present it with real-time visual icons to guide production decision-
making and site management. 

3.4 Application information system integration 

The cooperative enterprise has completed the deployment of SAP ERP system for the 
whole business process management of the enterprise. The intelligent manufacturing 
system developed by the project needs to be connected with SAP ERP system, and read the 
production order data, material data, personnel data and process parameter data in SAP 
ERP system through the system interface to support the function realization of MES system, 
The completion status of the production order in the MES system needs to be written into 
SAP ERP in time, so that the system can objectively reflect the real status of the production 
order[10]. 

4 Epilogue 
Based on the industrial Internet architecture, this paper organically combines SAP ERP, 
MES and equipment management system to realize the "design and manufacturing 
integration" of manufacturing enterprises. Through the organic integration of various 
systems, the integrated management of the enterprise's business plan, inventory, material 
demand plan, production process, production scheduling, work reporting and equipment 
monitoring, as well as the control of logistics, information flow, control flow and capital 
flow, has changed the traditional production mode and played a good role in realizing the 
goal of "cost reduction and efficiency increase". 

References 
1. Karunakaran D, Mei Y, Chen G, et al. Evolving  dispatching rules for dynamic Job 

shop scheduling with uncertain processing times[C]// Evolutionary Computation. IEEE, 
2017:364-371. 

2. Bennett K H.Legacy System; Coping With Success [J]. IEEE Soft ware. 1995(1): 19-
23. 

3. Surekha P, Mohanaraajan P R A, Sumathi S. Ant colony optimization for solving 
combinatorial fuzzy Job Shop Scheduling Problems[C]// International Conference on 
Communication and Computational Intelligence. IEEE, 2010:295-300. 

4. González-Rodríguez I, Palacios J J, Vela C R, et al. Heuristic local search for fuzzy 
open shop scheduling[C]// IEEE International Conference on Fuzzy 
Systems.IEEE,2010:1-8. 

5. Grobler J. A Multi-objective Hyper-Heuristic for the Flexible Job Shop Scheduling 
Problem with Additional Constraints[C]// International Conference on Soft Computing 
& Machine Intelligence. IEEE, 2017:58-62. 

ITM Web of Conferences 47, 01016 (2022)

CCCAR2022
https://doi.org/10.1051/itmconf/20224701016

6



6. Ali A,Birkett M, Hackney P,et al.Efficient nondominated sorting with genetic 
algorithm for solving multi-objective job shop scheduling problems[C]//  
Multidisciplinary  Engineering Design Optimization.IEEE,2016:1-6. 

7. Kim H and BEN-OTHMAN J. Toward integrated virtual emotion system with AI 
applicability for secure CPSenabled smart cities: AI-based research challenges and 
security issues [J]. IEEE Network, 2020, 34(3): 30–36. doi: 
10.1109/MNET.011.1900299. 

8. Zhao Wenbing, JIANG Congfeng, GAO Honghao, et al. Blockchain-enabled cyber-
physical systems: A review [J]. IEEE Internet of Things Journal, 2021, 8(6): 4023–
4034. doi: 10.1109/JIOT.2020.3014864. 

9. Zheng Pai, WANG Honghui, SANG Zhiqian, et al. Smart manufacturing systems for 
Industry 4.0: Conceptual framework, scenarios, and future perspectives [J]. Frontiers of 
Mechanical Engineering, 2018, 13(2): 137–150. doi: 10.1007/s11465-018-0499-5. 

10. Tao Fei, ZHANG He, LIU Ang, et al. Digital twin in industry: State-of-the-art [J]. 
IEEE Transactions on Industrial Informatics, 2019, 15(4): 2405–2415. doi: 
10.1109/TII.2018.2873186. 

ITM Web of Conferences 47, 01016 (2022)

CCCAR2022
https://doi.org/10.1051/itmconf/20224701016

7


	1 Introduction
	2 System requirements analysis
	2.1 Research on MES system development
	2.2 Equipment management information system
	2.3 Application information system integration

	3 Detailed design of the system
	3.1 Construction of workshop equipment interconnection
	3.2 Research on MES system based on cloud platform
	3.3 Big data and data visualization technology
	3.4 Application information system integration

	4 Epilogue
	References

