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Maritime operations are increasingly reliant on digital

systems for navigation, cargo management,

propulsion control, and crew welfare which named

maritime 4.0. As vessels integrate advanced

technologies, they also become more vulnerable to

cyber threats. From cyberattacks targeting

Electronic Chart Display and Information Systems

(ECDIS) to ransomware disrupting entire port

operations, the maritime sector is under siege from

sophisticated cybercriminals.

Securing the Digital Seas - Maritime

Cybersecurity and the Future of Safe Shipping

Introduction - Navigating Cybersecurity Challenges in the Maritime Industry

Safeguarding Industry 4.0
Securing the future of tomorrow

Ensuring maritime cybersecurity is no longer

optional, it is an operational necessity. In this case

study, we will explore the unique cybersecurity

challenges faced by the maritime industry, the

technical vulnerabilities of key shipboard systems,

and practical measures to secure vessel operations.

We will also align maritime cybersecurity best

practices with IEC 62443, a leading cybersecurity

framework for industrial automation and control

systems, to provide a structured approach to

mitigating cyber risks at sea
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The Modern Maritime Threat Landscape

Cyber threats in the maritime industry range from data breaches and malware attacks to GPS spoofing

and full-scale operational disruptions. Notable cyber incidents include;

The 2017 NotPetya attack that crippled Maersk’s operations,

causing an estimated $300 million in damages.

The 2018 ransomware attack on COSCO disrupted its U.S.

operations, forcing a switch to manual processing and isolating

affected networks.

The 2020 cyberattack on CMA CGM forced the French shipping

giant to shut down its booking systems after a ransomware

incident, disrupting global operations.

The 2021 ransomware attack on Transnet halted operations at

South African ports, triggering a force majeure and major

cargo delays.
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The maritime industry faces unique challenges due to;

A lack of cybersecurity awareness among ship operators and crew.

Aging IT and OT infrastructure, increasing attack surfaces.

Complexity and lack of uniformity in ship’s controls systems

Specific cyber threats such as GPS spoofing and jamming.

The reliance on third-party remote access for maintenance and system

updates

Inadequate regulations and enforcement of cybersecurity policies.

Limited incident response capabilities onboard vessels.
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Navigation Systems

Electronic Chart Display and Information System (ECDIS)

Dynamic Positioning System (DPS)

Voyage Data Recorder (VDR)

Bridge Navigational Watch Alarm System (BNWAS)

Integrated Bridge Systems (IBS

Automatic Identification System (AIS)

Asset Knowledge - List of OT and IT Systems on a Vessel/Ship

Protecting against potential cyber threat starts with first understanding and knowing the types of

assets that exist on a vessel.

Operational Technology (OT) Systems

Global Maritime Distress and Safety System (GMDSS)

Automatic Radar Plotting Aid (ARPA)

Sonar and Echo Sounders

Propulsion and Machinery Control Systems

Main Engine Governor and Automation

Propeller Pitch Control System

Radar Systems

Fuel Management System
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Power Management System (PMS)

Emergency Generator Control System

Valve Remote Control System

Water Ingress Alarm System

Steering Gear Control System

Tank Level Indication System

Ballast Water Management System (BWMS)

Asset Knowledge - List of OT and IT Systems on a Vessel/Ship

Protecting against potential cyber threat starts with first understanding and knowing the types of

assets that exist on a vessel.

Operational Technology (OT) Systems

Crude Oil Washing (COW) System

Inert Gas System (IGS)

Gas Liquefaction and Processing System

Container Tracking and Monitoring Systems

Refrigerated Cargo Monitoring (Reefer Monitoring)

Safety and Security Systems

Vapor Recovery System (VRS)

Fire Detection and Alarm System
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Gas Detection and Fire Suppression Systems

Hull Stress Monitoring System (HSMS)

Surveillance and CCTV System

Ship Security Alert System (SSAS)

Shipboard Alarm and Monitoring Systems

Lifeboat and Life Raft Deployment Systems

Access Control and Perimeter Security

Asset Knowledge - List of OT and IT Systems on a Vessel/Ship

Protecting against potential cyber threat starts with first understanding and knowing the types of

assets that exist on a vessel.

Operational Technology (OT) Systems

Crude Oil Washing (COW) System
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Information Technology (IT) Systems

Crew and Business Communication Systems

Ship-to-Shore Communication (VSAT, Inmarsat, Iridium)

Crew Internet Access and Wi-Fi Networks

Onboard Entertainment Systems

Business and Enterprise IT Systems

Enterprise Resource Planning (ERP) for Fleet Management

Email and Messaging Systems

Vessel Performance Monitoring and Optimization Systems

Crew Payroll and Welfare System

Customer and Freight Management Systems

Supply Chain and Logistics Platforms

Cloud-Based Ship Performance and Remote Monitoring

Electronic Document Management Systems (EDMS)
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1.Navigation and Control Systems

Some of the Cybersecurity Risks in Vessel

Operation

Electronic Chart Display and Information Systems (ECDIS) - These digital charting systems are crucial for

modern navigation but are vulnerable to malware, unauthorized updates, and GPS spoofing, they are

susceptible to manipulation, which can lead a vessel off course.

 Voyage Data Recorder (VDR) - Often compared to a flight data recorder, a compromised VDR can result in

falsified records of ship movements and incidents.

· Dynamic Positioning Systems (DPS) - Hackers can manipulate these systems, causing unintended vessel

movements or collisions, impacting safety and operations.

2. Cargo and Port Management Systems

Container Ship Load Management Systems - Cyberattacks can alter cargo weight data, leading to unsafe

loading and stability issues.

Automated Terminal Operating Systems (TOS) - These systems control container handling in ports and are

often targeted by ransomware.

Cargo Tracking and Inventory Systems - Cyberattacks can disrupt real-time tracking of goods, leading to

delays, misrouting, or theft of high-value cargo.

3. Communication and Crew Welfare Systems

Satellite Communications (SATCOM) - Ship-to-shore communication is essential for navigation, emergency

response, and crew welfare. Cyberattacks on SATCOM systems can disrupt connectivity and leak sensitive

data.

 Email and Messaging Platforms - Phishing emails targeting crew members can lead to credential theft or

malware installation, compromising both personal and operational ship systems.

Crew Internet Access - Unsecured crew Wi-Fi can serve as an entry point for attackers to infiltrate the ship's

main network.
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IEC 62443 provides a structured approach to securing Industrial Automation and Control Systems (IACS),

which is directly applicable to maritime environments where vessels operate as floating industrial control

systems. The framework includes seven foundational security requirements (FR1–FR7).

Applying IEC 62443 for Maritime Cybersecurity

FR1 – Identification and Authentication Control (IAC)

To prevent unauthorized access to shipboard systems, vessels must implement role-based access control

(RBAC) aligned with crew responsibilities, enforce password policies, regular credential updates, disabling

default accounts, multi-factor authentication (MFA) and secure credentials for remote access. For example,

ECDIS terminals should only be accessible by navigational officers with biometric or smart card

authentication.

FR2 – Use Control (UC)

Granular access control mechanisms ensure that crew members and operators have only the necessary

privileges to perform their tasks. Implementing least-privilege access and activate logging mechanisms to

monitor the use of these privileges, prevent malware from spreading across ship networks. For example, The

main engine control system should allow the chief engineer to modify operating setpoints, while junior crew

members have view-only access, preventing accidental or unauthorized changes.

FR3 – System Integrity (SI

Ensuring that maritime systems maintain their integrity involves;

Regular firmware updates for navigation and propulsion systems.

Secure boot processes, digital signature verification, and integrity checks for software and

firmware updates.

Whitelisting applications to prevent unauthorized software installation.

Deploying endpoint detection and response (EDR) solutions for continuous monitoring.

For example, before updating the firmware of propulsion and machinery control systems, the update

package must be verified using a vendor-issued digital signature.
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FR4 – Data Confidentiality (DC)

With increasing digitization, securing shipboard communications is vital. Techniques include;

End-to-end encryption for satellite and shore communications.

 Secure VPNs for remote ship management.

Air-gapping sensitive networks (e.g., separating ECDIS from crew Wi-Fi).

For example, communication between the vessel’s cargo management system and the onshore

logistics platform should use VPN tunnels with TLS encryption to protect cargo data from

eavesdropping or tampering during transmission.

Network segmentation is critical for preventing lateral movement by attackers. Zoning strategies. For

example, the propulsion control system which governs main engine operation, throttle control, and

propeller pitch must be isolated in a dedicated "Propulsion Zone" within the vessel's OT network due its

criticality for ship safety and operation.

FR5 – Restricted Data Flow (RDF)

Vessels must implement real-time threat detection and incident response protocols. This includes

deploying SIEM/XDR solutions, enabling automated alerts for anomalous behavior, and conducting cyber

drills with crew members. For example, ECDIS should be continuously monitored by intrusion detection

system (IDS) to detect a sudden GPS data spoofing attempt or configuration change.

FR6 – Timely Response to Events (TRE)

FR7 – Resource Availability (RA)

Ensuring continuous operation of vessel systems requires;

DDoS protection for ship-to-shore connectivity

 Redundant navigation and control systems to mitigate failures.

Business continuity and disaster recovery (BCDR) plans for cyber incidents.

For example, the Main Engine Governor and Automation System, which controls engine speed and

load-sharing functions, should include redundant control units and backup communication paths.
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Best Practices for Maritime Cybersecurity

1. Implement IMO Cyber Risk Management Guidelines The International Maritime Organization (IMO)

MSC.428(98) resolution mandates that ship operators integrate cyber risk management into their

Safety Management Systems (SMS) by 2021.

2. Conduct Cybersecurity Awareness Training Crew members should be trained on phishing

awareness, safe USB practices, and password hygiene to prevent insider threats.

3. Adopt Network Hardening Strategies

Disable unused USB ports on ECDIS and other critical systems.

Enforce air-gapped networks for navigation and control systems.

Use industrial firewalls and intrusion detection systems (IDS).

4. Regularly Audit and Test Ship Cybersecurity

Perform penetration testing on vessel IT/OT networks.

Conduct vulnerability assessments on SATCOM and navigation systems.

Monitor for anomalies in shipboard logs to detect early signs of compromise.

5. Establish Incident Response and Recovery Plans

Develop and test an onboard incident response plan that outlines detection, containment, and recovery

actions for different cyberattack scenarios.

Ensure backup configurations for critical systems such as Main Engine Governor and Automation and

ECDIS are regularly updated and stored offline.

Simulate real-world scenarios such as loss of navigation data or ransomware on the vessel management

system to validate crew readiness.
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With the push towards sustainability and compliance with IMO climate control guidelines, ship

operators are increasingly adopting cloud-based ship performance monitoring systems. These

systems collect and transmit telematics data, including fuel consumption, engine efficiency, and

emissions data, to shore-based control centers. However, this shift introduces new cybersecurity

risks, particularly cloud-based supply chain attacks, where threat actors compromise third-party

cloud services to manipulate or intercept critical ship telemetry. Ensuring the security of cloud

environments, implementing strong data encryption, and conducting rigorous third-party security

assessments are essential to mitigating these risks.

Emerging Risks - Cloud-Based Ship Performance

Monitoring

As maritime organizations continue to adopt digital technologies, securing vessel operations from

cyber threats becomes imperative. Cyber risks in the maritime sector are evolving, but with a

structured cybersecurity approach aligned with IEC 62443, ship operators can significantly reduce

vulnerabilities.

By implementing robust identification controls, restricting unauthorized access, segmenting

networks, ensuring system integrity, and fostering a cybersecurity-aware culture, maritime

organizations can sail toward a more secure future. Cyber resilience is not just about protecting

shipboard systems—it’s about safeguarding global trade, supply chains, and the safety of seafarers.

For a comprehensive assessment of your vessel’s cybersecurity posture, get in touch with CS4 –

Cybersecurity for Industry 4.0, a division of DTS Solution. Together, we can chart a course toward

a safer and cyber-resilient maritime industry.

Conclusion - Building Cyber Resilience at Sea
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OT Cyber Defense and Engineering
Our proactive cyber defense solutions are designed to detect,
prevent, and respond to threats targeting your OT environment.​

OT Managed Security Services
Through our HawkEye OT platform, we offer centralized
monitoring, incident response, and threat hunting to protect your
critical infrastructure from cyber threats. 

OT Cybersecurity Advisory & Consulting Services
We provide expert guidance to navigate the complexities of OT
security, ensuring compliance and resilience in your critical
systems.​

Our Mission

We are dedicated to fortifying industrial operations with advanced cyber defense and
comprehensive security programs. Our proactive approach to risk management and
threat neutralization ensures that your Industry 4.0 infrastructure operates with
resilience and reliability at its core. 

Our Services

Our Approach

At CS4, we prioritize a process-aware approach to cybersecurity, ensuring that your
industrial environment is not only secure but also future-ready. We collaborate closely
with asset owners, system integrators, and product suppliers to develop secure
control systems and software, fortifying all aspects of your operations against evolving
threats.

Partner with CS4 to secure your Industry 4.0 infrastructure and
achieve unparalleled cyber resilience in your industrial operations.

Safeguarding Industry 4.0

CS4 – Cybersecurity for Industry 4.0, a specialized division within DTS Solution, excels in Operational Technology (OT)
cybersecurity. With over 15 years of experience safeguarding OT environments across various sectors, CS4 empowers asset
owners by enhancing cyber resilience and maturity within their operating environments.​
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