
Modern Management Science & Engineering
ISSN 2052-2576

Vol. 6, No. 3, 2024
www.scholink.org/ojs/index.php/mmse

1

2024 International Conference on Science and Technology, Modern
Education and Management (TMEM 2024)

Research on Key Technologies for Automated Control of

Packaging Production Lines
Guoqiang Luan1, Xiaojuan Wei1*, Heru Wang1, Yuhang Gao1 & Junlin Li1

1 College of Arts & Information Engineering, Dalian Polytechnic University, Dalian, Liaoning, China
* Corresponding author

Abstract

This paper focuses on the key technologies of automated control in packaging production lines,

systematically explaining the importance of automation control in improving production efficiency,

quality stability, and flexible production. By analyzing core technologies such as sensor and detection

technology, Programmable Logic Controllers (PLC), servo drive and motion control systems, and data

acquisition and real-time monitoring systems, the paper explores the practical application effects of

these technologies in different scenarios. Combined with typical case analyses, the paper summarizes

the current status and challenges of automated control for packaging production lines and proposes

insights on future development trends and integration with smart manufacturing, providing theoretical

support and practical guidance for further enhancing the level of automation and intelligence of

packaging production lines.
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1. Introduction

With the rapid development of the manufacturing industry and the diversification of market demands,

the level of automation in packaging production lines plays a crucial role in improving production

efficiency and product quality. Traditional packaging lines rely heavily on manual operations, resulting

in low productivity, unstable product quality, and difficulty in meeting the modern requirements of high

efficiency, stability, and flexibility. Therefore, the introduction and application of automation control

technologies have gradually become an important means of addressing these issues. Automation

control technologies utilize various means such as sensors, programmable logic controllers (PLC), and

servo drive systems to achieve precise control and optimization of packaging processes, thus improving

production efficiency, reducing human errors, and providing flexibility and scalability to quickly

respond to market changes.Currently, automated control of packaging production lines has been widely
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applied in industries such as food, pharmaceuticals, and chemicals, and its core technologies continue

to achieve breakthroughs. Sensor and detection technology provide real-time monitoring and quality

control for the production line, while PLC technology enables efficient operation of equipment through

precise programming control, and servo drive systems support high precision and high-speed

operations. With the development of smart and digital technologies, data acquisition and real-time

monitoring systems have significantly enhanced the level of information management in production

processes, providing more comprehensive data support for enterprise decision-making and

management.This study aims to systematically explore the key technologies of automated control for

packaging production lines by analyzing the application characteristics of various core technologies,

typical application cases, and challenges faced, clarifying future development trends. Through this

research, it seeks to provide theoretical reference and practical guidance for improving the level of

automation and intelligent development of packaging production lines, thus promoting innovation and

application in the related fields (Tripathi et al., 2020).

2. Basic Concepts and Principles of Automated Control in Packaging Production Lines

2.1 Definition and Development of Automation Control Technology

Automation control technology refers to the use of various control devices and techniques to

automatically regulate and control production processes based on preset logic or algorithms to achieve

efficient, stable, and precise operation. Its core concept is to replace or simplify manual operations with

machines and computer systems, thereby enhancing production efficiency, ensuring product quality,

and reducing costs. In packaging production lines, automation control technology utilizes sensors,

controllers, actuators, and other components to build highly integrated systems, achieving automatic

monitoring, adjustment, and control of the entire packaging process, significantly improving the overall

performance of the production line (Seifi et al., 2023). The development of automation control

technology has gone through several stages. Early mechanical control systems relied on simple

mechanical structures and manual operations. With advancements in electrical engineering and

electronics, it evolved into electrical automation control systems. In the latter half of the 20th century,

the rise of computer technology led to the widespread adoption of programmable logic controllers

(PLC), providing more flexible and precise control capabilities for production lines. In recent years,

with the application of industrial internet, IoT, and artificial intelligence, automation control technology

is evolving towards intelligent, networked, and data-driven directions, endowing production lines with

stronger sensing, decision-making, and adaptive capabilities. These technological advancements lay a

solid foundation and offer broad prospects for the automation upgrade and intelligent transformation of

packaging production lines (Yu & Shan, 2023).

2.2 Composition and Characteristics of Packaging Production Lines

A packaging production line is an automated production process composed of a series of interconnected

equipment and systems, with the core goal of achieving efficient and standardized product packaging,
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assembly, and delivery. Typically, a packaging production line includes feeding systems, packaging

machines, conveyor systems, detection devices, coding equipment, packing machines, and automatic

sorting systems, among other key components. Each component has its function, and they are

integrated and coordinated through automation control systems to achieve a continuous, stable, and

efficient production process from raw materials to finished packaging.The characteristics of packaging

production lines are reflected in several aspects: Firstly, they exhibit a high level of automation

(Sadeghi, Jongkyoung, & Jongchul, 2022). All stages on the production line operate autonomously

under the command of automation control systems, following a set process with minimal manual

intervention, thus enhancing production efficiency and reducing labor costs. Secondly, they possess

strong flexibility. Modern packaging lines can be customized for different products, quickly responding

to market demand changes through mold replacements, parameter adjustments, and other means,

enabling diverse product production. Thirdly, real-time monitoring and quality control capabilities are

prominent. The sensors and detection equipment on the production line monitor product quality,

appearance, and key production parameters in real time to ensure product standards are met. Finally,

the production line has a high level of informatization, with data collection and analysis systems

capable of storing, analyzing, and using production data to optimize processes, achieving digital

management. In summary, the composition and characteristics of packaging production lines reflect the

modern manufacturing industry's requirements for high efficiency, flexibility, and stable quality,

providing enterprises with greater advantages in market competition (Shaurya, 2020).

2.3 Importance of Automation Control in Packaging Production Lines

The application of automation control in packaging production lines is of critical importance, serving

as a key means to enhance production efficiency, reduce costs, and ensure product quality. In the

competitive environment of modern manufacturing, the level of automation of a production line

directly impacts an enterprise’s production capacity and market competitiveness. Automation control

integrates and applies various advanced technologies to achieve precise control, quick response, and

real-time adjustment of the packaging process, enabling enterprises to meet more efficient, flexible, and

reliable production demands.Firstly, automation control significantly boosts production efficiency.

Traditional manual operations often suffer from low efficiency and limited speed, whereas automation

control systems can shorten packaging cycles and enable mass production through efficient equipment

coordination and precise task allocation (Comari et al., 2022). Additionally, they minimize downtime

and optimize production rhythms, enhancing overall operational efficiency. Secondly, automation

control helps improve product quality by integrating sensors, visual inspection, and quality control

systems into the production line to monitor packaging conditions in real-time, promptly detect and

correct deviations, and ensure every packaging step meets quality standards, thus reducing defective

products. Furthermore, automation control increases the flexibility and scalability of production lines.

As market demands change rapidly, packaging lines must frequently adapt to different product types

and production volumes. Automation control systems offer flexible parameter configuration and
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adjustment capabilities, enabling quick production task switching, reducing changeover time and costs.

Additionally, automation control plays a critical role in data acquisition and management, collecting

and analyzing data from the production process to enable remote monitoring and data-driven

production optimization, supporting intelligent enterprise decision-making.In summary, the application

of automation control in packaging production lines not only enhances production efficiency and

product quality but also improves flexibility and informatization levels, serving as a crucial driver for

manufacturing transformation and the realization of intelligent manufacturing (Long, 2022).

3. Key Technologies of Automated Control in Packaging Production Lines

3.1 Sensor and Detection Technology

Sensor and detection technology is a core component of automated control in packaging production

lines, providing real-time, precise monitoring and data feedback to ensure stable and efficient operation

of various processes. Sensors can detect physical signals such as temperature, humidity, pressure,

position, and speed and convert them into electrical signals for processing and analysis by control

systems. In packaging lines, sensors are used for detecting material entry and exit, identifying product

positions, checking packaging completion, and monitoring the production environment.Specifically,

visual sensors and machine vision technology have been widely applied in packaging lines, enabling

image recognition and processing for product appearance, shape, and defect detection, thus greatly

enhancing quality inspection capabilities. The integration of barcode scanning and RFID technology

allows for material tracking and identification, managing the entire process from production to dispatch.

Additionally, weight sensors monitor the weight of packaging materials to ensure each unit meets set

standards, while position sensors detect the location of products on the production line in real time,

preventing product accumulation or omission, thereby increasing production continuity and efficiency

(Gu et al., 2023). The application of sensor and detection technology not only reduces labor costs and

improves production efficiency but also minimizes human errors, ensuring process stability and product

quality consistency. In the future, advancements in sensor technology, such as smart sensors and

wireless sensor networks, will further enhance the automation and intelligence levels of packaging lines,

providing strong technological support for manufacturing upgrades and transformation (Feng, 2022).

3.2 Programmable Logic Controller (PLC) Technology

Programmable Logic Controller (PLC) technology is one of the most core and commonly used

technologies in automated control of packaging production lines. PLC is a digital computing electronic

system specifically designed for industrial environments, capable of controlling machinery and

production processes through logic operations, timing, counting, and data processing. Compared to

traditional relay control systems, PLC offers significant advantages such as flexible programming, high

reliability, easy expansion, and convenient maintenance, making it widely used in modern industrial

production. On packaging production lines, PLC typically controls all process stages from feeding to

completed packaging, including starting and stopping mechanical equipment, adjusting conveyor belt
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speed, sequencing packaging operations, and handling fault diagnosis and alarms. PLC receives and

processes signals from sensors in real time and controls equipment according to prewritten control

programs, ensuring stable and efficient packaging processes. The modular design and expandability of

PLC technology allow it to be customized and configured based on production needs, suitable for

packaging lines of various scales and complexities.Another key feature of PLC is its communication

capability. Through industrial networks such as Ethernet, Modbus, and Profibus, PLC can exchange

data with other devices or upper-level systems, enabling remote monitoring and centralized

management, providing strong support for digitization and intelligentization of packaging lines.

Additionally, PLC possesses fault self-diagnosis and logging functions, capable of identifying and

addressing issues promptly during production, minimizing downtime and losses, thus enhancing system

stability and maintenance efficiency.In conclusion, as the "central nervous system" of packaging

production lines, PLC technology effectively integrates various equipment and control stages,

providing a stable, flexible, and efficient control solution for production lines. With the continued

development of industrial automation technology, PLC is increasingly integrating with intelligent

control, networked communication, and information technology, offering more possibilities for

automation and intelligentization of packaging lines.

3.3 Servo Drive and Motion Control System

The servo drive and motion control system plays a critical role in automated control of packaging

production lines, primarily enabling precise control of mechanical equipment movement. The servo

system comprises servo drives, servo motors, and controllers, which receive instructions from the

control system to precisely adjust and control equipment speed, position, and torque. This

high-precision and high-response control capability allows the packaging production line to perform

complex operations such as positioning, handling, assembling, and packaging with greater speed and

accuracy.Compared to traditional drive methods, servo drive systems offer significant advantages.

Firstly, they provide high dynamic performance and precise motion control, ensuring stable and

accurate positioning of mechanical equipment even at high speeds, thereby enhancing production

efficiency and product quality on the packaging line. Secondly, servo drive systems have strong

flexibility and configurability, adapting to different product specifications and batch production

requirements. By quickly changing motion parameters and paths, servo systems allow for flexible

adjustments of the production line, reducing product changeover or process adjustment time and cost.In

practical applications, servo drive and motion control systems are often used with PLCs and sensors to

form a closed-loop control system. Sensors monitor the state of mechanical equipment in real time and

feed data back to the controller, which analyzes the data and sends adjustment instructions to the servo

drive, ensuring that every action in the production process is precisely controlled. This closed-loop

control model greatly enhances the precision and stability of the packaging line, while also enabling

real-time correction of deviations, reducing scrap rates and downtime. Additionally, servo drive

systems have energy-saving features, optimizing motor operation modes and reducing unnecessary
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power consumption, thereby lowering production costs.In summary, servo drive and motion control

systems not only enhance production efficiency and product quality but also improve the flexibility and

stability of production in packaging lines. As smart manufacturing continues to advance, the

combination of servo systems with intelligent control algorithms will offer more possibilities for further

optimization and intelligent development of packaging lines (Wan et al., 2020).

3.4 Data Acquisition and Real-Time Monitoring System

The data acquisition and real-time monitoring system plays a crucial role in automated control of

packaging production lines. The primary function of this system is to collect, transmit, and process

various types of data in real-time from the production process through sensors, data acquisition

modules, and monitoring software, thereby achieving comprehensive monitoring and management of

the production line’s operational status. The application of data acquisition and real-time monitoring

systems not only enhances the visibility and management level of the production process but also

provides strong support for optimizing production processes and improving product quality.In

packaging production lines, data acquisition devices are responsible for collecting data such as

equipment operating status, process parameters, environmental conditions, and production speed. This

data is transmitted through industrial communication networks to a central control system or

monitoring center for processing and storage. The real-time monitoring system visualizes the collected

data and, based on preset thresholds and control logic, issues alerts or automatically adjusts relevant

parameters to ensure stable production line operation. For instance, during the packaging process, if a

temperature or pressure anomaly is detected at any stage, the system can automatically trigger a

shutdown and prompt for maintenance, preventing quality and efficiency issues from escalating due to

equipment malfunctions.Another key function of the data acquisition and real-time monitoring system

is data analysis and feedback optimization. By analyzing historical and real-time data, production

bottlenecks can be identified, process flows optimized, equipment failures predicted, and preventive

maintenance carried out. This data-driven management model significantly enhances the overall

efficiency and reliability of the production line. Moreover, the system supports remote monitoring and

management, allowing operators to oversee production line operations in real time from different

locations, thereby achieving more efficient resource allocation and decision-making.With

advancements in industrial internet and IoT technology, data acquisition and real-time monitoring

systems are evolving towards greater intelligence and connectivity. Leveraging big data analytics,

cloud computing, and artificial intelligence technologies can further enhance system prediction

capabilities and optimization levels, providing strong technical support for the intelligent and digital

transformation of packaging production lines. In conclusion, data acquisition and real-time monitoring

systems are key elements in achieving efficient, stable, and intelligent production, serving as an

important bridge for packaging lines to progress towards smart manufacturing.
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4. Application Cases of Automation Control Technology in Packaging Production Lines

In practical production, the application of automation control technology has significantly improved the

efficiency and stability of packaging production lines. The following is an analysis of an automated

packaging production line in the food industry. A food processing enterprise introduced an automation

control system into its production line, integrating sensors, PLC, servo drives and motion control

systems, as well as data acquisition and real-time monitoring systems to achieve end-to-end automated

control, from material supply to finished product packaging.In this production line, sensors and

detection systems monitor the status of raw material transportation, usage of packaging materials, and

quality of finished product packaging in real time, ensuring precision in every operation step. For

example, photoelectric sensors detect the position of products on the conveyor belt, preventing product

accumulation or omission between different stages. The PLC control system coordinates the entire

production process by controlling the order and speed of device operations through programmed logic,

ensuring high-level coordination between various stages. Servo drive systems control the movements

of packaging machinery, achieving high-precision packaging operations such as product boxing,

sealing, and labeling. Throughout the production process, the data acquisition and real-time monitoring

system continuously collects operational data and production parameters, displaying them on

monitoring screens. Operators can check the production status at any time, promptly identifying and

handling anomalies.The introduction of this automation control system resulted in a 30% increase in

production efficiency, a significant reduction in production line failures, and more consistent product

packaging quality. The enterprise further leveraged the collected data to optimize production processes

and conduct predictive maintenance of equipment, further reducing production costs. Overall, this case

demonstrates that automation control technology not only improves production capacity and quality on

packaging lines but also significantly enhances market competitiveness, laying a solid foundation for

intelligent manufacturing.

5. Challenges and Future Development Trends of Automated Control in Packaging Production

Lines

Despite significant technological advancements and application achievements in the automated control

of packaging production lines, several challenges still need to be addressed. First, technical integration

and system complexity present a major issue. Modern packaging production lines are typically

composed of various automated devices, sensors, controllers, and software systems, making seamless

integration and data exchange between these systems crucial. However, differences in equipment

brands, communication protocols, and system standards can lead to complex integration, increasing the

difficulty of debugging and maintenance. Thus, achieving interoperability between different devices

and systems is key to improving production line automation.Secondly, data security cannot be

overlooked. With the widespread application of automated control systems and in-depth data

acquisition and monitoring, packaging production lines generate a large volume of production data.
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Ensuring the security of this data during transmission, storage, and processing, and preventing data

leakage or misuse, is a critical challenge for enterprises. Cyberattacks and malicious software can pose

severe threats to production systems, highlighting the need to enhance network security measures and

establish robust data encryption and access control mechanisms.Additionally, a shortage of skilled

personnel is another factor limiting the further development of automated production lines. The

operation, maintenance, and management of automated control systems require specialized technical

expertise, yet many enterprises face a shortage of qualified professionals. Developing comprehensive

talent with expertise in both automation control and information technology has become an important

task for driving industry growth.Looking ahead, the automation control of packaging production lines

will continue to develop towards greater intelligence, connectivity, and flexibility. With the maturation

of artificial intelligence, industrial IoT, big data, and 5G technology, packaging lines are expected to

achieve a higher degree of intelligence, with capabilities such as self-learning, self-adaptation, and

self-diagnosis. For example, by introducing AI algorithms, production lines can optimize process

parameters based on historical data and real-time feedback, enhancing production efficiency and

product quality. Additionally, big data analysis enables enterprises to predict market demand, adjust

production strategies, and further strengthen their market competitiveness. The construction of flexible

production lines will allow enterprises to better respond to market changes and personalized demands,

achieving rapid production of small batches and multiple varieties.In summary, although the

automation control of packaging production lines faces challenges in technical integration, data security,

and personnel skills, continuous advancements in emerging technologies offer more innovative

approaches and solutions to drive industry upgrades and transformation, creating greater value and

competitive advantages for enterprises.

6. Conclusion

The automated control of packaging production lines is a vital means for modern manufacturing to

improve production efficiency, enhance product quality, and reduce costs. By introducing key

technologies such as sensor and detection technology, programmable logic controllers (PLC), servo

drive and motion control systems, and data acquisition and real-time monitoring systems, enterprises

can achieve full-process automation and precise control of packaging production, significantly

enhancing the stability and flexibility of production lines. In practical application cases, automation

control technology has demonstrated its powerful capabilities to boost production capacity and ensure

quality, providing effective solutions for enterprises to meet changing market demands and competitive

pressures.However, the widespread application of automation control technology also faces challenges

related to complex system integration, data security, and talent cultivation. To fully harness the

potential of automation control, enterprises need to strengthen technological integration and security

measures, as well as develop more professionals with comprehensive skills. Looking forward, with

continuous advancements in artificial intelligence, industrial IoT, and big data technologies, the levels
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of intelligence and flexibility of packaging production lines will be further enhanced, providing

stronger support for enterprises to achieve intelligent manufacturing and market competitiveness.In

conclusion, the research and practice of automated control in packaging production lines not only

contribute to the overall improvement of the manufacturing industry but also offer broad space for

continuous development and innovation for enterprises. Focusing on and advancing the upgrade and

application of automation technologies will be key to driving the industry towards efficient, intelligent,

and green manufacturing.

Acknowledgements

Project: Research on automation of feed packaging for small and medium-sized enterprises. Project

number LJKZ1348.

References

Comari, S. et al. (2022). Mobile cobots for autonomous raw-material feeding of automatic packaging

machines. Journal of Manufacturing Systems, 64, 211-224.

Feng, L. Y. (2022). Research on Intelligent Production Line Design and Dynamic Balance for 3C

Products. Wireless Communications and Mobile Computing, 4136978.

Gu, L. Z. et al. (2023). Online synchronous inspection and system optimization of flexible food

packaging bags by using machine vision and sensing technique. International Journal of

Industrial Optimization, 1-15.

Long, J. (2022). Dynamic Analysis of Alternative Elements in an Automated Packaging System Based

on 5G Internet of Things. Journal of Sensors, 4909942.

Sadeghi, K., Jongkyoung, K., & Jongchul, S. (2022). Packaging 4.0: The threshold of an intelligent

approach. Comprehensive Reviews in Food Science and Food Safety, 21(3), 2615-2638.

Seifi, M. R. et al. (2023). A supervisory control system for automation of horizontal form-fill-seal

packaging plant based on modified atmosphere technology. acta mechanica et automatica, 17(3),

423-434.

Shaurya, A. (2020). Direct Feed Production Line: An Innovative Approach to Connect Process and

Packaging Operations in Food Confectionery. European Journal of Advances in Engineering and

Technology, 7(5), 69-72.

Tripathi, S. et al. (2020). Smart industrial packaging and sorting system. Strategic system assurance

and business analytics, 245-254.

Wan, J. F. et al. (2020). Artificial-intelligence-driven customized manufacturing factory: key

technologies, applications, and challenges. Proceedings of the IEEE, 109(4), 377-398.

Yu, X. H., & Shan, Y. H. (2023). Mechanical design and key technology of automatic production line

based on artificial intelligence. International Journal of Embedded Systems, 16(3), 215-225.


	2.1 Definition and Development of Automation Contr
	2.2 Composition and Characteristics of Packaging P
	2.3 Importance of Automation Control in Packaging 
	3.1 Sensor and Detection Technology
	3.2 Programmable Logic Controller (PLC) Technology
	3.3 Servo Drive and Motion Control System  
	3.4 Data Acquisition and Real-Time Monitoring Syst
	Acknowledgements

