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ABSTRACT

The Fourth Industrial Revolution is driving a powerful wave of digital transformation in global
industrial manufacturing. In this context, Smart Factory emerges as an advanced intelligent
manufacturing model that integrates artificial intelligence into every stage of the production process.
This technology goes beyond mere automation of existing processes, opening up possibilities for
continuous optimization and improvement based on real-time data analysis. Smart factories equipped
with Al possess the capability to learn, adapt, and make independent decisions based on complex
algorithms. The implementation of Smart Factory is increasingly becoming a decisive factor in
determining business competitiveness in the digital age. However, alongside its tremendous potential,
deploying Smart Factory presents significant challenges in terms of technology, human resources,
and investment. This paper will analyze in detail the opportunities and challenges that Smart Factory
brings, while proposing solutions to help businesses successfully implement this intelligent
manufacturing model in the current Vietnamese context.

Keywords: Industry 4.0, industrial automation, opportunities and challenges, production process,
smart factory

NHA MAY THONG MINH: TIEM NANG VA THACH THUC TRONG KY NGUYEN SO
TOM TAT

Cudc Cach mang Cong nghiép 4.0 dang thuc ddy mot lan séng chuyén ddi s manh mé trong
linh vyc san xuat cong nghiép toan cu. Trong bdi canh d6, nha may thong minh (Smart Factory) ndi
1én nhu mot mo hinh san xuét tién tién, tich hop tri tué€ nhan tao vao moi khau cia quy trinh san Xuét.
Cong nghé nay khong chi don thuan 13 viéc tw dong hoa cac quy trinh sin ¢, ma con mé ra kha ning
t6i uu hoa va cai tién lién tuc dua trén phan tich dir 1i¢u thoi gian thyc. Cac nha may thong minh dugc
trang bi Al c6 kha nang tu hoc hoi, thich nghi va dua ra quyét dinh doc 1ap dua trén cac thuat toan
phtc tap. Viéc xdy dung nha may théng minh dang dan tré thanh yéu t6 quyét dinh ning luc canh
tranh cua doanh nghiép trong thoi dai s0. Tuy nhién, bén canh nhiing tiém nang to 1on, vi¢c trién khai
nha may thong minh ciing dit ra nhiéu thach thirc ddng ké vé mat cong nghé, nhan sy va dau tu. Bai
viét ndy s& phan tich chi tiét vé& nhitng co hoi va thach thirc ma nha may thong minh mang lai, dong
thoi dé xuét cac giai phap gitip doanh nghiép trién khai thanh cong mé hinh san xuat thong minh nay
trong bdi canh Viét Nam hién nay.

Tir khéa: Cach mang cong nghiép 4.0, co hdi va thach thire, qud trinh san xudt, nha mdy théng minh,
tw dong hoa cong nghiép.

Ngay nhan bai: 17/02/2025 Ngay nhan bai sva: 20/02/2025  Ngay duyét dang bai: 24/02/2025

1. INTRODUCTION transformations in the structure and
operational methods of the global economy,
particularly in the industrial manufacturing
sector. The rapid advancement of digital
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technologies, especially Artificial Intelligence
(AI) and the Internet of Things (IoT), has
unlocked new possibilities for optimizing and
automating production processes. In this
context, the Smart Factory following Gong et
al. (2022) has emerged as an exceptionally
efficient manufacturing model by integrating
intelligent and advanced technologies into
every stage of operations. Leading industrial

Smart Factory Market Growth Trend (2021-2033)

corporations worldwide have been
implementing this model comprehensively,
demonstrating its superior advantages in
enhancing  production  efficiency. = The
emergence of the Smart Factory is not merely
a technological leap but also an inevitable
trend in the digital transformation of the global

manufacturing industry.
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Figure 1. Analysis of the Smart Factory Development Trend (2021-2033)
Source: Global Marker Insights (2024)

The report data in Figure 1 illustrates the
growth trend of the smart factory market from
2021 to 2033, showing significant annual
expansion. The total market size exhibits a
strong upward trajectory, especially after 2023,
indicating increasing interest and investment in
smart factories. North America continues to
maintain its leading position, driven by the
advancement of cutting-edge technologies and
strong policy support for automated
manufacturing. Europe ranks second with
stable growth, reflecting the sustainable
development of high-tech industries in the
region. Meanwhile, the Asia-Pacific region
demonstrates rapid growth, with projections
indicating it will close the gap with Europe in
the coming years, fueled by substantial

investments from major economies such as
China, Japan, and South Korea. In contrast, the
Middle East, Africa, and South America show
more modest growth but continue to expand,
reflecting the gradual adoption of smart
manufacturing technologies in these regions.

The 2025-2033 period is expected to
witness explosive development in the adoption
of smart factories worldwide, driven by the
expansion of technologies such as Al, 10T, Big
Data, and automation. Overall, this trend
confirms that smart factories will become an
essential part of the manufacturing industry,
creating sustainable competitive advantages
for businesses undergoing digital
transformation.

Growth Trend of Key Components in Smart Factories (2021-2033)
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Figure 2. Growth Trend of Key Components in Smart Factories (2021-2033)
Source: Global Marker Insights (2024)
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Figure 2 illustrates the stable growth trend
of the smart factory market from 2021 to 2033,
with three key components: Manufacturing IT,
Automation Control System, and
Instrumentation Field Devices. Among these,
Instrumentation Field Devices hold the largest
share, reflecting the high demand for sensors
and monitoring equipment in the production
process. The Automation Control System is
experiencing significant growth, indicating a
shift toward process optimization through
automation to enhance productivity and reduce
reliance on manual labor. Although
Manufacturing IT currently holds a smaller
share, it is expanding rapidly, emphasizing the
increasing  importance  of  production
management software, artificial intelligence
(AI), and data analytics in smart factory
operations. This trend suggests that businesses
are gradually transitioning from a hardware-
centric approach to a more integrated strategy
combining software and automation, aiming to
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optimize production efficiency and strengthen
competitiveness in the era of Industry 4.0.

In the current context of Vietnam, the
adoption of smart factories presents a strategic
opportunity to enhance the competitiveness of
the industrial sector within the global value
chain. However, most businesses, especially
small and medium-sized enterprises (SMEs),
continue to face significant challenges in terms
of financial resources, technology, and human

capital when accessing this technology.
Government support policies, within the
framework  of the national  digital

transformation program, are playing a crucial
role in accelerating the implementation of
smart factories to improve production
efficiency. At this stage, it is imperative for
Vietnamese enterprises to develop a strategic
roadmap for digital transformation, enabling
them to seize opportunities and overcome
challenges in the digital era.
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Figure 3. Key Components of a Smart Factory

Source: Compiled by the authors

In this article, we will focus on analyzing
the potential and challenges of smart factories,
thereby proposing appropriate strategies,
particularly in the application of artificial
intelligence (Al) and big data analytics for the
development of automation systems and smart
industries.

2. KEY COMPONENTS OF A SMART
FACTORY

The key components of a smart factory are
illustrated in Figure 3. The details regarding

the roles and functions of each component are
specifically described as follows:

Sensor System and IloT: The sensor
system collects real-time data from machinery,
the work environment, and production
processes (Figure 4) following Gopinath et al.
(2023). With the support of Internet of Things
(IoT) technology following Wu et al. (2022),
devices within the factory can connect and
exchange information automatically. This
enables more efficient monitoring, rapid fault
detection, and production process optimization.
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Sensor 1 .
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Figure 4. Sensor System for Data Collection

Source: Gopinath et al. (2023)

Control and Automation System: Control
systems such as PLC (Programmable Logic
Controller) and SCADA (Supervisory Control
and Data Acquisition) Diaba et al. (2023) and
Gao et al. (2020) play a central role in
monitoring and operating machinery (Figure 5)
following Balla et al. (2022). Industrial robots

are employed to perform tasks such as
assembly, packaging, and product inspection
with high precision and consistency. Through
automation, factories can reduce dependence
on manual labor, increase production speed,
and minimize error.

Operation Field

Figure 5. Supervisory Control System (SCADA) in Smart Factories
Source: Balla et al. (2022)

Artificial Intelligence (Al) and Big Data
Analytics: Artificial Intelligence (Al) enables
factories to analyze production data to predict
failures, optimize performance, and enhance
product quality. Big Data helps identify trends
and improve production processes, leading to

i
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cost reduction and minimized material waste.
By integrating Al and Big Data, factories can
operate in a more agile and intelligent manner,
quickly adapting to market fluctuations
(Figure 6) following Nguyen et al. (2021).

Figure 6. Al-Integrated System in Smart Factories

Source: Nguyen et al. (2021)

Industrial Communication Network: The
industrial network system connects devices
and machinery within the factory, ensuring fast

and stable data transmission. Technologies
such as 5G, OPC UA, and MQTT facilitate
seamless communication across different units,
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from production to monitoring and
management (Figure 7) following Walia et al.

(2019). This connectivity enables smooth

factory operations, reduces data processing
latency, and enhances overall efficiency.
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Figure 7. Industrial Communication Network Infrastructure for Smart Factories

Source: Walia et al. (2019)

Edge Computing and Cloud Computing):
Edge computing processes data directly at the
source, reducing the load on central systems
and enhancing response speed (Figure 8)
following Bauer et al. (2016) and Chen et al.
(2020). Meanwhile, cloud computing enables
large-scale data storage

and analysis,

facilitating remote monitoring and production
management Kumar, Raouf and Kim (2023).
The integration of these two technologies
allows factories to operate more flexibly,
enhance automation capabilities, and optimize
production processes.

Figure 8. Cloud Computing Conﬁguratlon Used in Smart Factories

Source: Bauer et al. (2016)

Industrial Cybersecurity: Regrading to
the increasing connectivity between devices,
factories require robust security systems to
protect production data from cyberattacks and
information leaks (Figure 9) following Yang,
Cheng and Chuah (2019). Technologies such
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as data encryption, blockchain, and security
monitoring systems help ensure data safety and
integrity. As a result, production activities
remain uninterrupted, mitigating risks from
hackers and malware.
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Figure 9. Industrial Network Security System in Smart Factories

Source: Yang, Cheng and Chuah (2019)
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Virtual Reality (VR) and Augmented technicians by displaying real-time repair
Reality (AR): VR/AR technology enables instructions directly on the equipment, making
workers to receive training in a simulated tasks faster and more precise. This not only
environment without direct interaction with reduces maintenance time but also enhances
machinery (Figure 10) following Kim et al. safety and work efficiency

(2018). Additionally, AR assists maintenance
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Figure 10. Virtual Reality Model in Smart Factories
Source: Kim et al. (2018)

Smart Manufacturing Execution System data, allowing managers to make quick and
(MES): The Manufacturing Execution System accurate decisions. With the implementation of
(MES) serves as a bridge between Enterprise a smart management system (Figure 11)
Resource Planning (ERP) software and the following Hu et al. (2024), the production
actual production system, enabling progress process becomes more transparent, reduces
tracking, quality control, and productivity waste, and optimizes resource utilization.

optimization. This system provides real-time

Figure 11. Smart Manufacturing Execution System
Source: Hu et al. (2024).

3. POTENTIAL OF SMART FACTORIES with less material, while Al-driven predictive
maintenance helps reduce unexpected repair

Increased Productivity and i )
costs, ensuring more efficient resource

Manufacturing Efficiency: With the integration

of automation and artificial intelligence (AI), utilization.
smart factories can operate continuously with Enhanced  Product Quality:  Smart
high precision, minimizing human errors. loT factories utilize Al-powered automated quality
and Al systems enable real-time data analysis, inspection systems and computer vision to
optimizing production processes, reducing detect defective products in real time. This
machine downtime, and enhancing overall ensures high precision in every product,
efficiency. reduces defect rates, and enhances brand
Reduced Operational and Material Costs: reputation by maintaining consistent quality
Smart factories optimize the use of energy, raw standards.
materials, and labor, minimizing waste and Flexibility in Production and Product
significantly cutting costs. 3D printing Customization: Smart factories can easily
technology enables product manufacturing adjust production lines to meet market
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demands and customer requirements. With
intelligent data connectivity, businesses can
customize products for individual orders
without disrupting the production process,
enhancing competitiveness and adaptability in
a dynamic market.

Predictive Capabilities and
ActiveMaintenance: Sensor systems and Al
enable real-time monitoring of machinery
conditions, predicting failures before they
occur and facilitating timely maintenance
planning. This helps minimize unexpected
downtime, extend equipment lifespan, and

optimize = maintenance  costs, ensuring
continuous and efficient operations.
Enhanced Sustainability and

Environmental Protection: By optimizing
production processes, smart factories help
reduce waste, improve energy efficiency, and
lower carbon emissions. This not only allows
businesses to cut costs but also ensures
compliance with sustainability standards,
promoting an eco-friendly and responsible
manufacturing approach.

Improved  Working  Conditions  and
Workplace Safety: Thank to automatic systems,
workers are less exposed to hazardous
environments or physically demanding

repetitive tasks. Virtual Reality (VR) and
Augmented Reality (AR) enhance safe training
programs, while Al-powered monitoring
systems can detect potential hazards and
provide early warnings, ensuring a safer and
more efficient work environment.

Connected and Optimized Supply Chain:
Thank to real-time data and blockchain
technology, smart factories enable businesses
to manage supply chains more efficiently,
minimizing material shortages or surpluses.
The integration of ERP (Enterprise Resource
Planning) and MES (Manufacturing Execution
System) ensures seamless coordination
between  different  departments, from
production to logistics, enhancing operational
efficiency and responsiveness.

Rapid  Adaptation  to  Emerging
Technologies: Smart factories can seamlessly
integrate with advanced technologies such as
5G, Artificial Intelligence (Al), blockchain,
cloud computing, and 3D printing to
continuously  enhance efficiency.  This
capability allows businesses to stay ahead in
digital transformation and remain agile in
adopting new manufacturing models, ensuring
long-term competitiveness. The potential of
smart factories is summarized in Table 1 as
follows:

Table 1. Potential of Smart Factories

No. Key Potential Description

1 Increased Productivity Automation and Al enable continuous, precise operations,
and Efficiency reducing human errors and optimizing production

) Reduced Operational and | Optimizes resource usage, reduces waste, and lowers operational
Material Costs costs through predictive maintenance and 3D printing

3 Enhanced Product Al-powered quality inspection ensures high precision, lowers
Quality defect rates, and strengthens brand reputation

4 Flexibility in Production | Smart factories can quickly adjust production lines and
and Customization customize products without disrupting operations

5 Predictive Capabilities Real-time sensor monitoring and Al-driven maintenance

and Active Maintenance

predictions reduce downtime and extend equipment lifespan

Enhanced Sustainability
6 | and Environmental
Protection

Optimized production reduces waste, improves energy
efficiency, and lowers carbon emissions for sustainability
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Imp rq\{ed Working Automation minimizes hazardous work exposure, VR/AR
7| Conditions and enhances training, and Al ensures workplace safet
Workplace Safety & P Y
3 Connected and Optimized | Real-time data and blockchain improve supply chain
Supply Chain management, reducing material shortages and excess
9 Rapid Adaptation to Seamless integration with Al, 5G, blockchain, cloud computing,
Emerging Technologies and 3D printing ensures competitiveness

Source: Compiled by the authors.
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We have summarized the common
challenges encountered in deploying smart

factories, as illustrated in Figure 12.

Figure 12. Challenges in Deploying a Smart Factory

Source: Compiled by the authors

High Investment Costs: Implementing a
smart factory requires significant investment in

technology, infrastructure, and workforce
training. Many small and medium-sized
enterprises (SMEs) struggle to secure

sufficient capital for digital transformation.

Cybersecurity and Network Security
Risks: As devices become interconnected via
the Internet, the risk of cyberattacks and
production data leaks increases. Strong
security solutions, such as encryption, user
authentication, and advanced security

monitoring systems, are essential.

Integration of Legacy Systems with New
Technologies: Many businesses still rely on
traditional machinery, making it challenging to
integrate with modern smart systems.
Upgrading requires substantial time and
financial investment and may temporarily
disrupt production operations.

Shortage of Skilled Workforce: Smart
factories demand professionals skilled in Al,
IoT, data analytics, and cybersecurity.
However, the limited availability of trained

personnel makes recruitment and employee
training difficult for many companies.

Dependence on Technological
Infrastructure: Smart factories rely on high-
speed networks, cloud computing, and
advanced sensor technologies. Any network
instability or infrastructure failures can cause
severe disruptions in production.

Regulatory and Compliance Barriers:
Different countries and industries have varying
standards and regulations, creating challenges
in implementing unified smart factory
solutions. Companies must comply with legal
requirements related to data security, labor
safety, and environmental regulations.

Challenges in Data Management and
Analysis: Smart factories generate massive
amounts of data from sensors, machinery, and
management systems. Without the right data
storage, analytics, and utilization technologies,
effectively managing this data becomes a
major challenge.
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Cultural  Resistance  to  Change:
Transitioning to a smart factory requires a shift
in mindset and work processes. If employees
resist adopting new technologies,

implementation may face significant obstacles.
5. DISCUSSION

Vietnam has several advantages that can
be leveraged flexibly in the development and
application of the smart factory model.

First, Young and Tech-Savvy Workforce:
Vietnam has a dynamic and tech-adaptive
young labor force, providing a significant
advantage for implementing automation and
digital manufacturing solutions. Additionally,
the country is attracting investment from major
technology corporations, creating favorable
conditions for accessing advanced machinery,
software, and production system upgrades.

Second, Government Support for National
Digital Transformation: The Vietnamese
government is actively promoting digital
transformation policies, especially in Industry
4.0. The flexibility and openness of regulatory
frameworks  offer  businesses  greater
opportunities to adopt advanced technologies
at reasonable costs. Furthermore, the
expansion of industrial zones, manufacturing
clusters, and startup ecosystems fosters an
environment conducive to testing and
implementing smart factory technologies.

However, to fully leverage available
resources, significant investment in high-
quality workforce training 1is essential,
ensuring that workers acquire the necessary
skills to operate and manage smart factory
systems. At the same time, businesses must be
flexible in integrating new technologies with
existing production systems, avoiding resource
waste and maximizing the utilization of
available infrastructure. If implemented
strategically, Vietnam can quickly catch up
with Smart Factory trends, enhancing its
competitiveness both regionally and globally

6. CONCLUSION

Smart factories present a major
opportunity for businesses to increase
productivity, reduce costs, and optimize supply
chains. The integration of Al, IoT, and
automation enables more flexible production,
allowing companies to respond quickly to
market demands. Additionally, smart factories
contribute to sustainable development,
reducing material waste and minimizing
environmental impact. However, businesses
must also confront challenges such as high
investment costs, cybersecurity risks, and a
shortage of skilled labor. The combination of
legacy systems with new technologies requires
a clear strategy to prevent production
disruptions. To succeed, companies must
establish long-term plans, invest in workforce

development, and wupgrade technological
infrastructure. By effectively leveraging
opportunities and overcoming challenges,

smart factories will become a solid foundation
for businesses to thrive in the Industry 4.0 era.

REFERENCES

Balla, A., Habaebi, M. H., Islam, M. R, &
Mubarak, S. (2022). Applications of deep
learning algorithms for Supervisory
Control and Data Acquisition intrusion

detection system. Cleaner Engineering
and Technology, 9, 100532.

Bauer, R., Bless, R., Haas, C., Jung, M., &
Zitterbart, M. (2016). Software-based
smart factory networking. at-
Automatisierungstechnik, 64(9), 765-773.

Chen, K. C., Lin, S. C., Hsiao, J. H., Liu, C. H.,
Molisch, A. F., & Fettweis, G. P. (2020).
Wireless networked multirobot systems in
smart factories. Proceedings of the IEEE,
109(4), 468-494.

Diaba, S. Y., Anafo, T., Tetteh, L. A., Ovibo, M.
A., Aloha, A. A., Shafie-khah, M., &
Elmusrati, M. (2023). SCADA securing
system using deep learning to prevent

S6 16(2025), 89-98

97

Tap chi Khoa hoc va Cong nghé




KY THUAT VA CONG NGHE

Pang Ngoc Huy va cong sw

cyber infiltration. Neural Networks, 1635,
321-332.

Gao, J., Gan, L., Buschendorf, F., Zhang, L.,
Liu, H., Li, P., Dong, X., & Lu, T. (2020).
Omni SCADA intrusion detection using
deep learning algorithms. /EEE Internet of
Things Journal, 8(2), 951-961.

Gong, Q., Chen, G. H., Zhang, W., & Wang, H.
(2022). The role of humans in flexible

smart factories. International Journal of
Production Economics, 254, 108639.

Gopinath, A., Teoh, J. W., Tagade, P., Khoon,
G. L. K., Haubold, T., & Kumar, A. S.
(2023). Smart vibratory peening: An
approach towards digitalisation and
integration of vibratory special process
into smart factories.  Engineering
Applications of Artificial Intelligence,
126(D), 107- 118.

Hu, M., Gou, Z., Wen, H., Wang, Z., Xu, B,,
Xu, J., & Peng, K. (2024). Collaborative
deployment and routing of industrial
microservices in smart factories. /[EEE

Transactions on Industrial Informatics,
20(11), 12758-12770.

Kim, M., Park, KB., Choi, S.H., Lee, J.Y., Kim,
D.Y. (2018). AR/VR-Based Live Manual
for User-Centric Smart Factory Services.
In: Moon, L., Lee, G., Park, J., Kiritsis, D.,
von Cieminski, G. (eds) Advances in
Production Management Systems. Smart
Manufacturing for Industry 4.0. APMS

2018. IFIP Advances in Information and
Communication  Technology, 536.
Springer, Cham.

Kumar, P., Raouf, 1., & Kim, H. S. (2023).
Review on prognostics and health
management in smart factory: From
conventional to deep learning

perspectives. Engineering Applications of
Artificial Intelligence, 126(D), 107-126.

Nguyen, H. T., Yu, J. H., Shin, N. R., Kwon, G.
J., Kwak, W. Y., & Kim, J. Y. (2021).
Defective product classification system

for smart factory based on deep learning.
Electronics, 10(7), 826.

Walia, J. S., Himmadinen, H., Kilkki, K., &
Yrjold, S. (2019). 5G network slicing

strategies for a smart factory. Computers
in Industry, 111, 108-120.

Wu, Y., Dai, H. N., Wang, H. Z., Xiong, Z. H.,
Gou, X. (2022). A survey of intelligent
network slicing management for industrial
[oT: Integrated approaches for smart
transportation, smart energy, and smart
factory. IEEE Communications Surveys &
Tutorials, 24(2), 1175-1211.

Yang, H., Cheng, L., & Chuah, M. C. (2019).
Deep-learning-based network intrusion
detection for SCADA systems. In 2019
IEEE Conference on Communications
and Network Security (CNS), Washington,
DC, USA, 1-7.

S6 16(2025), 89-98

98

Tap chi Khoa hoc va Cong nghé




