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ABSTRACT

Limited industrial system security occurs due to fast industrial
machinery unification with Al and 1loT devices and automation
systems for intelligent production spaces because hackers leverage
these targets to infiltrate malicious code while also gaining access
to sensitive information. This research assesses how security
mechanisms which unite Al with Zero Trust Security principles
combine defense-in-depth methods for protecting industrial
production sites against threats. When Al detects security threats
right away it automatically starts security protocols for
manufacturers to stop digital attacks before they begin. Companies
achieve maximum protection when they secure their 1loT equipment
and create network segmentation and MFA implementation.
Company security success emerges when dedicated employees
support protective security systems that are consistently developed
for their needed purposes. Studies from recent times demonstrate
that organizations which create dependable incident response plans
and maintain continuous business continuity alongside employing
modern cybersecurity policies achieve secure industrial system
outputs. The security system needs Al components that
manufacturers must create to safeguard their industrial networks

against cyber threats in this digital age.
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INTRODUCTION

Smart Manufacturing stands as the main driver of production change because digital advancements
thrive to advance manufacturing practices. The combination of 1loT technology with Al big data
analytics cloud computers and advanced technology enables companies to establish better production
techniques while improving reliability at their industrial facilities. Implementing professional security
measures becomes necessary for industrial systems because the convergence of crucial benefits and
significant risks stemming from field-based technological advancements [1]. Industrial production
functions as a result of digital technologies as well as collected information through the framework
of Smart Manufacturing. The combination of sensors working with automated systems and Al and
real-time data processing systems enables organizations to reach peak factory operations. The
automatic design of smart manufacturing systems achieves enhanced results by enabling automatic
operation adaptation and production optimization due to their non-static sequence procedures [2].
Several operational components must exist for a factory to operate as a smart facility.

The processing of performance metrics by Al systems allows them to forecast potential problems
thereby developing superior strategic choices. The use of Al-based robots leads to improved speed
capabilities and performance enhancement resulting in higher precision during task completion.
Businesses deploy cloud along with edge systems to process data which boosts their speed of business
response. These features result in enhanced manufacturing profitability and establish multiple
security points which hackers can easily leverage to conduct their attacks [3].

CYBERSECURITY CHALLENGES IN SMART MANUFACTURING

Manufacturers need to establish robust cybersecurity measures for operations which integrate Al and
IloT functions. When proper connection integration occurs between operational systems it creates
security vulnerabilities because this method establishes entry points through which hackers can access
both private information and disrupt operations. Three distinct cybersecurity issues affecting smart
manufacturing operations have been discovered [4]. 10T demands interconnected factory networks
which was not necessary during previous manufacturing operations. Network security requires
absolute protection from all attacks because hacker attacks become more numerous when entrypoints
increase significantly. Critical IP information combined with operational data inside smart
manufacturing systems exposes them to attacks from ransom ware encryption programs and

unauthorized access by cyber spies. The combination of ransom ware leads to system immaobilization
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but industrial espionage results in the acquisition of valuable business intelligence for strategic
purposes [5].
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Figure: 1 showing challenges of cybersecurity in smart manufacturing

Businesses across industries need to handle security risks within their production systems since those
systems were developed before widespread internet adoption. Outdated systems pose direct security
risks because industries failed to supply critical updates which should be performed on their systems.
Network protection operates alongside Al systems because cybercriminals execute advanced
automated hacking operations through the use of Al technology. Manufacturing companies require
Al-based security solutions to counter newer sophisticated threats that emerged from Al
developments. Smart manufacturing faces its main security challenges from internal system issues
rather than external intruders together with basic human mistakes. A large number of threats arise
from manufacturing personnel who misuse authorized access and break workplace rules or make

accidental errors [6].

Al technology deployment provides better security for smart manufacturing by addressing
operational security problems and protecting data safety. Security risks are noticed promptly by the
system preventing cyber-attacks from causing operational damage. The automatic systems must

become instantly active whenever attacks take place. Behavioral profiling methods need to be utilized
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for creating advanced security defense systems. Al cybersecurity protection implementation for smart
manufacturing systems is now required due to its dual role in preventing cyber-attacks and

maintaining operational sustainability according to [7].
THE ROLE OF Al IN SMART MANUFACTURING

The paradigm of fundamental production lines undergoes alteration through Artificial Intelligence
because it supports the development of automated systems that operate independently to boost
production effectiveness. Operations in industry receive enhanced efficiency through the combination
of deep learning technology and machine learning and computer vision which helps produce better
equipment predictions and actionable decisions. Manufacturers can produce better products with the
help of Al while Al also reduces production delays and strengthens their supply network security and
delivery services [8].

The greatest manufacturing achievement of Al results from its ability to link autonomous systems
with robotic operations. Al systems perform repetitive accurate tasks throughout production to
simultaneously produce more products and guarantee human safety within the working environment.
These systems: The automated computer vision system of our production line conducts immediate
quality checks during defect detection operations. Producers need technology to allow robots interact
safely with humans during operations. The implementation of Al systems enables organizations to
make sound choices about production product modifications. Through their installation at
manufacturing facilities man-made intelligent systems enhance operational capacity and
simultaneously minimize output defects and waste material production to deliver stable finished

products [9].

Predictive Maintenance and Equipment Optimization: Unplanned stoppages caused by scheduled
maintenance checks along with prompt repairs directly result in financial losses for factories. By
employing predictive maintenance Al operates through analyzing sensor data and algorithmic
predictions to find equipment problems [10]. The system provides preliminary signs indicating
equipment breakdown before it reaches critical states. Using our system enables personnel to detect
equipment breakdowns before these situations materialize in reality. Better maintenance procedures
need to be implemented by our organization to minimize asset unavailability occurrences. Real-time
equipment data processing by Al systems helps increase operational availability besides lowering
service expenses and boosting system performance [11].
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Al-Driven Supply Chain and Inventory Management: Thorough supply chain operation
enhancement comes from Al-enabled data analysis that generates optimized order management
alongside reduced inventory storage which results in decreased material loss. Manufacturers benefit
from smart algorithms when these systems help them track market fluctuations to sustain suitable
production rates between markets' supply and demand. The system requires capabilities for
procurement operations to support smooth time-based delivery of materials. Our system will discover
innovative methods to organize delivery routes together with cost-efficient product transports. From
analyzing real-time big data Al enables power companies to gain superior control over their supply

networks that allows quick market adaptation. [12]
Al IN QUALITY CONTROL AND DEFECT DETECTION

The improvement of manufacturing quality through Artificial Intelligence occurs by implementing
these methods. A product testing system with advanced computer vision functions as a solution that
boosts both speed and accuracy in problem detection. The systematic flaw identification process of
machine learning models leads to proposed factory development solutions. Our automated system
prevents abnormal data from harming our manufacturing quality through advanced detection
capabilities. With their ability to detect errors Al systems decrease manufacturing defects which in
turn leads to increased customer satisfaction from products of better quality [13]. Al provides cyber
defense for smart factories through its ability to detect abnormal network operations while
simultaneously identifying current threats. Al security analytics provides the ability to identify and
prevent cyber-attacks from happening yet to take place.

The system our team operates allows security risks to be identified in advance which subsequently
leads to risk blocking that protects our systems. Manufacturers can shield their confidential data and
maintain system security through Al-based protective methods. The implementation of Al in smart
manufacturing leads to superior operational performance as well as enhanced decision-making
capabilities which ensures operational protection [14]. The progression of Al technology allows
organizations to combine production maintenance systems and enhanced security protocols which
leads to better business performance outcomes plus digital market protection. Al will possess greater
control over industrial operations to secure them in the forthcoming years as its advancements

continue [15].
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CCI devices and cloud-based platforms and automated Al systems allow smart manufacturing
development to enhance connections between industrial systems. Modern advanced technologies
provide enhanced performance although they create fresh cybersecurity threats in the process.
Industrial system cyber-attacks lead to facility production delays which require money and data costs
and result in physical asset damage. Knowledge of current cybersecurity risks enables proper
protection for industrial sites [16]. The current era of production systems encounters significant
cybersecurity threats because attackers seize control of these systems to extort ransom payments for
their system release. After taking control of vital information the attackers demand ransom money
for its release. The interruption of ICS networks along with SCADA devices creates substantial
danger because it results in the complete shutdown of every industrial production line. Recent history
shows that multiple manufacturers endured ransom ware attacks according to documented reports
[17].

Processing systems fail to operate unless the hackers receive their demands leading to total production
destruction. Business operations experience negative impacts from encrypted design or operational
data that falls into hacker control. The performances of supply chains suffer damage when cyber

attackers take over delivery management systems and inventory control infrastructure [18].
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Manufacturing organizations protect their intellectual property materials composed of product
designs and trade secrets and proprietary technologies on their computer systems. Business data
which holds importance to companies becomes the target of cybercriminals as well as other
organizations through fake email communications and computer infections. They also appear
legitimate. Natives who work within company networks assist outside hackers as they obtain
confidential data. Business success undergoes reduction due to product secret theft by cybercriminals.
Theft of valuable technology by competitors results in monetary losses because these same
competitors can launch into the market using stolen data. When trust between customers and investors

decreases your organization will face negative reputation consequences [19].
Supply Chain Attacks

Smart factories which partner with external organizations become susceptible to supply chain attacks
because of their relationships with external organizations. The main manufacturing system becomes
accessible to attackers because they capitalize on weak security measures throughout supplier
networks. External software and firmware downloading platforms frequently deploy dangerous
system updates for deployment. The exploitation of infected Internet of Things devices results in
system security breakdowns for hacking purposes. When service privileges are transferred improperly

an unauthorized person can gain complete control over our system [20].

Insider Threats and Human Error: Most cyber dangers come from outside the organization yet
attacks caused by internal agents can lead to severe harm. Workers who want to cause damage to their
company and staff members and system maintenance personnel from external organizations create
the greatest security threats. The primary signs of insider security threats comprise the deliberate
attempts to damage manufacturing production systems. Accidental sharing of sensitive information
due to phishing or social engineering attacks. The lack of secure password control systems lets

hackers obtain unauthorized system entry [21].

Al-Powered Cyber Attacks: Al systems deployed for security grow at a similar rate as attackers
enhance their methods by using Al technology. The evasion techniques learned by malicious code
allow it to bypass security system protections. Our system generates focused phishing communication
which succeeds in tricking more users effectively. Security vulnerabilities become detectable to Al
systems before manual security checks can trigger appropriate responses by teams [22]. Smart

manufacturing security environments experience rapid changes which have led hackers to develop
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attacks that use both ransom ware and Al-involved digital assaults. Defects in security measures lead
organizations to accept financial losses while facing operational interruptions and preventing access
to their data assets. Manufacturers need to incorporate Al security tools which enable access control

while identifying threats on a regular basis to protect their operations from digital dangers [23].
Al-DRIVEN CYBERSECURITY SOLUTIONS

The escalating security threats throughout Smart Manufacturing operations make traditional
protection methods inadequate for shielding Industrial Control Systems (ICS) devices and IloT
equipment together with production network cloud infrastructure. Modern cybersecurity systems
fight cyber threats using Al behavioral learning models which monitor network traffic and thus

generate quick responses to potential attacks [24].

The protection of smart manufacturing relies primarily on artificial intelligence to swiftly locate and
detect unexpected network operations. Data security systems leverage Al detection to examine
network feeds as well as user behavior and system logs in order to detect potential cyberattacks. Al
systems possesses the ability to detect hidden dangerous activities that traditional security devices
cannot identify. The system detects irregularities which happen during machine operations and user
activities to identify possible insider security risks [25]. The system processes security information at
a speed humans cannot match. Al threat detection offers security personnel the capability to discover
potential dangers at earlier developmental stages so major losses can be prevented. Machine learning
programs use analyzed past attacks to detect threats that help identify probable future cyber-attacks

[26]. This allows manufacturers to:

Your company should enhance security functions which require improvement actively. The system
establishes procedures both to find potential security threats and to automatically overcome them
before they occur. Security problems should be prevented from disabling your business operations
temporarily while also costing you money through security breaches. The predictive analytics
algorithms notify organizational entities about future cyber risks to help them improve their protective
measures. The security technology benefits from artificial intelligence because it implements
instantaneous responses when threats are detected and their resolution process starts simultaneously.
The automatic detection of security threats with Al systems operates independently until human staff
can intervene [27].

8
This is an Creative Commons License This work is licensed under a Creative
BY NC Commons Attribution-NonCommercial 4.0 International License.



\\fe American Journal of Artificial ISSN : XXXX-XXXX
s~ Intelligence and computing Volume 1, Number 1, 2025

The system performs instant segmentation of infected devices as malware can migrated across the
network. Through our security system we deliver instant updates which protect exposed system parts.
The network reacts by blocking suspicious IP addresses while discontinuing any unauthorized access
to the system. The quick detection capabilities of Al security solutions decrease the response time
toward cyber threats that makes them less dangerous. The smart manufacturing security system
receives support from Al which enables system access control through its features. A better form of
user authentication together with restricted entry for unapproved people enables Al to offer superior

data protection [28].

The operational capabilities of systems enhanced by Al help identify and prevent unauthorized login
actions that aim to tamper information. The combination of facial recognition with fingerprint
scanners serves as the main component of our security defense systems. The security system adjusts
user access permissions following the identification of security risks. Al controls manufacturing
access systems for authorized factory personnel with its operational framework. Additional
businesses deploying lloT devices together with cloud systems have intensified their exposure to
hacker threats [29]. Al tools protect natural spaces because they perform these security-enhancing
activities. The system tracks current device connections to locate strange activity patterns. Security
encryption is embedded into our system to create protection for industrial data from unauthorized
access. Modern systems need detection of security flaws discovered in 10T software together with

their connected programs [30].

An Al-based protection system safeguards cloud and 10T technologies to allow smart manufacturing
operations under high security with minimal hacker interference. The modern industrial environment
gets automated cybersecurity protection which delivers instant responses to detected security threats.
Al systems identify potential security threats in advance to activate automated security blockers that
defend vital manufacturing data from unauthorized intruders. Manmade security systems require

artificial intelligence protection since cyber threats progress steadily each day [31].
THREAT DETECTION AND ANOMALY IDENTIFICATION USING Al

Cyber attackers now use more complicated and frequent methods that avoid traditional security the
organization implements various approaches to secure its smart manufacturing system. Security
teams defend their Industrial Control Systems ICS and Industrial Internet of Things 10T equipment

against threats by detecting them when they happen through modern Al-influenced security systems
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that examine abnormal behavior patterns for preventive measures [32]. Security systems based on
Al technology surpass pre-established threat scanning by delivering instantaneous detection of
abnormal activities. Security platforms operate today struggle to detect all zero-day threats along with
new malware since their detection methods are no longer efficient against the latest hacking
techniques. Security systems gain strength through ML and deep learning technology because these
systems analyze security data to identify abnormal patterns [33].

Artificial intelligence enhances aerodynamic capabilities of airplanes through wiser designs and more
efficient operations and improved aerodynamic function. Through neural networks and machine
learning technology wind turbine and airplane aerodynamic design cycles experience speed boosts
and their computational costs decrease [34]. Aerodynamic forecasts are generated when vortex
lattice methods are joined with high-fidelity simulations then used to produce 3D-printed models that
can move directly into practical applications and wind tunnel-tested results [35]. Point cloud analysis
with surface deviation assessments enables the development of more precise design validation
methods since they enhance accuracy quantification techniques. Companies use artificial
intelligence systems coupled with computational tools to create experimental procedures which

generate new sustainable high-performance aerodynamic systems [36].

The system finds and blocks new malware types through observing system processes which helps
detect established patterns. The security system extends its protection for both known and unknown
risks because it constantly studies and adjusts its operational functions. Al takes unprocessed data to
create security information which gives immediate safety alerts through continuous network traffic
monitoring for suspicious activities. Malware detection causes the system to identify infected devices
that receive automatic blocking prevention for spreading malware. Security systems which are

respond able detect and automatically raise alarms about all security threats [37].

The early response system decreases response time while stopping major system failures from
occurring. The vulnerability detection features of artificial intelligence allow smart manufacturing
systems to achieve self-protection against cyber dangers. Al algorithms use processing methods to
protect systems from security threats which both disrupt operational activities and allow thieves to
steal intellectual property. Al cybersecurity becomes mandatory for implementation because of

evolving cyber threats [37].
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SECURITY MEASURES OF INDUSTRIAL INTERNET OF THINGS (110T)

The 110T technology links industrial equipment to sensors with controllers leading to enhanced asset
management features that produce real-time decision possibilities. 10T technology functions through
multiple security risks which exposes its devices to easy hacker access. The protection of both 10T
systems and their attached devices remains crucial because it ensures the basic functions and
operational safety of industrial complexes. 10T systems endure multiple security problems since they
unite modern technology architectures with legacy equipment that remains challenging to protect

[38]. The major security risks include:

The basic security capabilities along with old software packages and accessible passwords found on
10T devices enable attackers to exploit them at great speed. Industrial operations experience damage
due to internet hackers when they gain unauthorized control of unsecured I1oT devices. The industrial
information from IloT devices attracts cybercriminals because these attackers exploit the devices to
steal important records. The hijacked IloT devices enable cybercriminals to launch substantial
Distributed Denial-of-Service (DDoS) attacks that break production systems. Strong artificial
intelligence security tools represent the most effective security solution for IloT environments

requiring installation by industries [39].

Al improves 10T security via instant threat detection while creating automatic responses that monitor
abnormal activities and security threats. Primarily secure systems develop their foundation through
artificial intelligence technology. The system employs Al to track both 10T network data flow
together with device behavior patterns that allow it to detect potential security risks. The monitoring
system employs Al technology for detecting uncommon device activities as it performs its
surveillance functions. Unusual data transmissions to unknown servers. Unauthorized device access
or sudden changes in system configurations. Criminal gadgets distribute computer viruses through
their implementation of malicious software [40]. The analysis of abnormal behavioral patterns by Al
security systems enables automated preventive measures which prevent incidents from escalation.
Security systems become more effective because Al develops methods to authenticate users while
inspecting devices prior to access approval. The system authorizes user access through biometric
body measurement such as face or fingerprint scans. Computer systems use this technology to
recognize abnormal activities between users and devices through monitoring their behavioral
patterns. RBAC rules determine employee access rights which prevents internal security problems
[41].
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The security system provides secure connection access between authorized users and devices to reach
valuable operational equipment. 10T networks become endangered by regular firmware updates and
system patches. The system deploys Al to identify obsolete firmware after which it initiates
installation tasks. The system needs to identify potential security risks before hackers can use them.
Patches are automatically installed to protect operational activities because security risks manifest so
security operations can continue without disruption. I10T devices gain defense against contemporary
threats because they receive automatic firmware updates [42]. Secure connections between 10T
devices must be safeguarded because the devices constantly exchange information during operations.

Al-driven security measures help:

The system carries out secure data transfers by implementing secure cryptographic channel protocols
along with advanced security features. The system detects modifications in data records in order to
identify unauthorized access attempts and data manipulation. An 10T platform needs block chain
integration to establish data security against unauthorized modifications in data communications.
According to the Zero Trust Security Model every device and user requires advanced protection
controls to be verified before receiving trust. The implementation of Al improves Zero Trust by
conducting continuous assessments of 10T system identity verification and activity details for
industrial network protection [43]. Access to the system is provided only when effective safety tests
show present conditions meet security requirements. The company needs to identify and prevent
corporate users who want to damage industrial cybersecurity systems. Secure practices for 10T
devices and connected systems stop cyber-attacks that target smart manufacturing plant operations.
The real-time surveillance provided by Als security systems together with automated defense
strategies enhances safety and access control for industrial equipment and thus promotes the adoption
of 10T systems [44].

BEST PRACTICES FOR CYBERSECURITY IN SMART MANUFACTURING

By employing Al-based networks for smart manufacturing operations success becomes attainable
since cybersecurity must always maintain its position as the primary focus with every part and system
involved. Data theft attempts against industrial systems and attacks on production networks and IloT
devices cause network destruction and data corruption which leads to profitability decline and
operational disruptions. Security solutions for manufacturers must combine artificial intelligence-
based defensive systems with human security personnel who both identify threats and deal with

upcoming safety risks [45]. Every network device and system and user has to establish their validity
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as a prerequisite to gain entry under a Zero Trust Architecture. The protection strategy bases its

security efforts on centralized rules which serve as barriers against unauthorized entry.
Key Zero Trust principles include:
Every user or device must obtain access permissions that match their job requirements.

Require multiple authentication methods for access. The system applies artificial intelligence
technology to detect abnormal user activity patterns while watching all user actions. Micro-
Segmentation: Isolate critical systems from less secure parts of the network [46]. Zero Trust Security
acts as a manufacturing defense system which protects network systems from security intrusions by
blocking unauthorized access while detecting threats in an early stage. Artificial intelligence-based
security tools inspect real-time data collection to detect security risks before standard control systems
become effective. To achieve maximum Al security benefits a company must implement this system:
This program combines user activity data with network behavior evaluation to identify performance

changes beyond standard business operations [47].

Automatic security systems based on Al protect breached systems before activating defense
protocols. The implementation of machine learning by security systems examines security risks to
identify potential cyberattacks before they initiate. Better protection of systems can be achieved by
cyber defenders who integrate intrusion detection Al systems with SIEM tools which observe security
trend developments. The high frequency of hacker attacks on 10T devices creates the necessity for
protection [48]. Firms should maintain constant firmware updates for their 10T devices to keep them
secure because this is a critical requirement for establishing good Industrial Internet of Things
security principles. A different set of credentials and certificate-based authentication should be
implemented for every IloT device. The network performs end-to-end encryption of industrial data

to guarantee safe transmission [49].
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Figure: 3 showing security measures based on a zero trust approach

You should isolate 10T devices into separate network segments so hackers cannot jump between
network domains. Manufacturers should test their security position through repeated assessments
which include: Our team performs cyberattack replication to reveal potential weakness in your
system. Security measures undergo evaluations to ensure their compliance with NIST as well as ISO
27001 and IEC 62443 official business frameworks. The team conducts pro-active checks for possible
security threats that exist within industrial network systems [50]. Threat evaluations conducted by
organizations reveal security vulnerabilities which guide increased protective measures to prevent

potential attacks from cybercriminals.

The integration of employee security training into business operations will decrease the frequently
encountered cybersecurity failures caused by employee mistakes. Workers need training since it
enables them to identify deceptive online practices in emails and security system manipulation
methods. The correct security measures must be fully implemented to safeguard personal information.
Use complex security passwords which should also activate secondary authentication protocols while

accessing personal accounts [51]. Poisonous situations should prompt employees to call IT security
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without delay. Employee training represents the primary defense measure which protects
organizations from cyber threats. A dependable backup system represents the best strategy to handle

cyber-attacks because it restores operations quickly [52]. Best practices include:

An organization should protect its essential data by maintaining backup storage on offline devices
and employing encrypted cloud space storage. The organization needs to determine along with its
employees the fastest practices to manage security breaches. Your company needs to implement Al
defense systems which identify ransom malware attacks for blocking purposes. The testing of disaster
recovery procedures creates conditions where manufacturers start normal production activities right
after experiencing cyber incidents. For protection against cyber threats smart manufacturing systems
require advanced Al-defense solutions which should be installed at various entry points.
Manufacturers maintain protection of their industrial networks through Zero Trust Security alongside
Al protection systems and IloT security controls and staff training protocols. Our smart
manufacturing system has to maintain security through planned assessments and tests of security

protocols and threat evaluations coupled with emergency readiness preparedness [53].

Smart manufacturing developments which link Al technology with other innovations have generated
new cybersecurity challenges that prove difficult to solve. Modern industrial cyber threats consist of
three components: network intrusions, targeted attacks on vendor-supplied products and attacks on
connected devices. Smart manufacturing operations receive two main safety benefits from automated
threat anticipation and Al-based system testing which develops equipment defense against cyber-
attacks [54].

SECURITY SYSTEMS USING Al TECHNIQUES

Records from past cyber-attacks need evaluation to determine future threats which security crews
need to intercept at their onset. Machine learning algorithms automatically discover cyber-attacks in
order to stop their evolution toward operational infrastructure. Cybersecurity systems need self-
operating functionality which also includes threat detection abilities for newly appearing security
vulnerabilities. By employing Al predictive analytics industry manufacturers obtain the capacity to
discover cybercriminals before reactive security measures detect attacks [55]. Future cybersecurity
systems require independent Al security agents to operate autonomously for detecting threats
immediately after their detection. The system implements automated procedures which fix its internal
network weaknesses [56].
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Real industrial conditions replicated by Al technologies serve as testing grounds for hackers allowing
analysis of their expertise. Automatic safety functionality activation will decrease incident response
periods thereby allowing manufacturers to combat high-level cyber threats more effectively. The
ability of quantum computers to protect smart manufacturing networks faces challenges in terms of
both technical barriers and beneficial features against cyber threats. Quantum computer-based
encryption advancements have established security points of failure which manufacturers need to

replace with different security systems [57]. To counter this, manufacturers must:

You should start deploying encryption methods which resist quantum attacks before such threats lead
to substantial damage. The implementation of quantum-resistant Al programmed defense systems
should protect and observe industrial networks. Manufacturers need to establish strategies using
future-generation encryption to preserve their industrial data systems. Manufacturers face rising cyber
threats because they rely on their third-party vendors who operate supply chain operations through
cloud-based services [58]. The protection of supply chains through Al systems will happen through

these activities:

Identifying vulnerabilities in supplier networks. The system supports identifying defective parts
which are currently utilized during production operations. The system provides real-time visibility of
entire supply chain operations to enterprise users. Al security systems will perform automatic source
connection sweeps for threats which trigger immediate stoppage to avoid factory disruptions. Smart
manufacturing receives protection from Al through advanced security detection models which
employ self-operating systems and combine block chain protection with quantum security and
artificial intelligence for supply chain protection. Manufacturers require Al-driven cybersecurity
systems to implement defensive measures for their industrial operations in compliance with rules to

build security infrastructure for manufacturing of the future [59].

Better cyber incident response capabilities emerge in manufacturers who implement Al systems. A
business will not gain maximum security even with perfect systems until workers understand threats
and receive needed training. Resilient employees need to learn about social engineering techniques
used by phishers for attack recognition. The protection of your system requires both strong passwords
and always updated software along with ongoing basic security practices maintenance. Staff members
in IT security should get alerted about abnormal system activities to start their investigations swiftly
[60].
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Security training builds employee abilities to help defend industrial plants and systems. A reliable
smart manufacturing cybersecurity plan needs to protect business operations from attacks but also
enable operations to survive and bounce back after cyber incidents. Manufacturers will achieve total
security by combining Al cybersecurity solutions and comprehensive defense systems with staff up
skilling [61].

CONCLUSION

As smart manufacturing transforms further through Al and 110T technologies it creates stronger
security needs to protect connected operations. Industrial systems connected to broader networks
make them vulnerable to multiple cyber dangers such as malware infections, hacking attempts and
cyber theft. Al security needs must have multiple resistances that combine to safeguard operations
and data security.

Al enhances cybersecurity by monitoring threats instantly while predicting threats and taking swift
response actions. Al-based systems automatically find and block threats early to keep networks secure
through consistent monitoring and reaction to unusual activities. Zero Trust Security model plus
defense-in-depth techniques and 10T security systems work together to shield industrial networks

and their connected devices.

While technology tools are vital our response depends on skilled personnel and staff with security
knowledge. Organizations need to train their staff about social engineering threats along with the
correct ways to handle phishing attacks and secure their work habits. An educated workforce stops
most cyber threats from entering your system through human error. Manufacturers build strong
recovery tools to handle attacks promptly and keep operations running smoothly. Regular checks of

security systems find weaknesses that need improvement to stop hackers before they attack.

Moving forward cyber-security for smart manufacturing depends on Al-based protection system
automation as well as quantum encryption and Al threat detection throughout supply chains. To
protect their operations against changing cyber threats manufacturers need to use new security tools
and support new industry standards while regularly strengthening their security system. To succeed
in smart manufacturing businesses need to recognize that strong cybersecurity exists as both a
protective technology and a strategic requirement. Using Al security systems and best cybersecurity
measures with proactive defenses will keep manufacturers safe and create dynamic smart

manufacturing networks.
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