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Abstract

Industrial control systems operate at the intersection of physical processes and digital infrastructure — and the integrity of
that intersection is increasingly under threat from within. Human errors, misconfigurations, inconsistent patching, and
insufficient monitoring of OT systems represent some of the most persistent and consequential risks facing industrial
operations today. This paper explores how digital twin technology, combined with purpose-built analytics and operational
dashboards, provides a practical and proven framework for addressing these challenges while preserving measurement
accuracy, control system integrity, and operational continuity.

1. Introduction

Industrial operations depend on a fundamental assumption: that data flowing from field instruments through control systems
accurately reflects physical reality. When that assumption breaks down — due to misconfigured tags, unpatched
vulnerabilities, unauthorized configuration changes, or undetected sensor drift — the consequences range from process
inefficiency and unplanned downtime to safety incidents and regulatory non-compliance.

The challenge is not primarily one of advanced persistent threats or nation-state actors. The most pervasive risks to
operational technology (OT) environments are internal: human error during maintenance, configuration drift over time,
insufficient visibility into asset states, and the absence of continuous, automated validation mechanisms. These are solvable
problems — but they require a deliberate framework.

This paper presents digital twin technology, integrated with purpose-built analytics and operational dashboards, as that
framework. Specifically, it examines how virtual representations of Distributed Control System (DCS), Safety Instrumented
System (SIS), Remote Terminal Unit (RTU), and associated instrumentation assets enable continuous data validation,
configuration integrity monitoring, and cyber-informed operational assurance — without interfering with live operations.

2. The OT Cybersecurity Threat Landscape

Both OT operations teams and cybersecurity teams share a common goal: keeping the OT network secure. However, they
face a persistent and underappreciated conflict. OT teams prioritize availability, process stability, and data integrity — while
cybersecurity teams must enforce controls, apply patches, and restrict access. Achieving security without directly interfering
with live operations, protecting systems while preserving data integrity, and minimizing disruption are simultaneous
requirements that are difficult to reconcile with conventional approaches.

Research from across the industry consistently identifies internal factors — not external attacks — as the dominant source of
OT cybersecurity risk:

e Failure to apply proper security protocols (Gartner, 2023)

e  Operational disruptions from incorrect configuration changes (SANS, 2022)

e Inconsistent application of patches and updates (ICS-CERT, 2023)

e Misconfigurations due to lack of specialized OT expertise (ISACA, 2023)

e Insufficient monitoring of OT systems by operations personnel (ICS-CERT, 2023)
e Human error as a leading cause of OT cybersecurity incidents (IBM Security, 2023)

The scale of the broader vulnerability environment compounds these internal risks. The OT/ICS vulnerability landscape in
2026 reflects a significant and growing challenge:

8,300 CVEs published in 2026 477% more CVEs modified 335,075 Total vulnerabilities in NVD as of 2026 73%
year-over-year rated Critical or High Impact




~1,596,963 Total CPE Names (Software/Hardware) As 3,637 ICS-CERT adyvisories covering 12,176
of January 31, 2026 vulnerabilities in OT/ICS As of January 31, 2026

Table 1. OT/ICS Vulnerability Landscape Statistics, 2026

These figures underscore the urgency of maintaining a continuously updated asset inventory and a systematic approach to
vulnerability prioritization — capabilities that depend on the same digital twin infrastructure discussed throughout this paper.

3. Digital Twins as Operational Infrastructure

The term "digital twin" is often associated with simulation and design optimization. In the context of measurement integrity,
however, a digital twin serves a more foundational role: it is a continuously maintained, authoritative virtual representation of
physical control system assets and their configurations.
A measurement integrity digital twin encompasses:
e DCS configuration state: control strategies, loop configurations, alarm setpoints, and historian tag definitions
e SIS logic and cause-and-effect matrices: safety function definitions, trip points, bypass states, and proof test records
e RTU polling tables and communication parameters: scan rates, register maps, and protocol configurations

e Instrument database records: device tags, engineering units, calibration data, and maintenance histories

e Network topology and asset inventory: device types, firmware versions, communication paths, and vulnerability
exposure

The critical distinction between a digital twin and a static asset register is continuous synchronization. The twin is not a
snapshot — it is a living model that reflects the current state of the physical environment, enabling real-time comparison
against known-good baselines and automated detection of deviation.

By operating as a passive observer rather than an active agent on the control network, the digital twin achieves its monitoring
and validation functions without introducing risk to live operations. This non-intrusive architecture is essential in
environments where availability and safety are paramount.

4. Six Pillars of Integrity Preservation

The digital twin framework supports six interconnected integrity practices, each addressing a distinct dimension of the
overall challenge:

1. Data Validation Confirms measurement accuracy at both the point of collection (instrument/field device) and
the point of use (DCS historian, SIS logic solver). Catches sensor drift, signal errors, and range
violations before they propagate into process control decisions.

2. Configuration Automatically backs up proprietary ICS configurations — DCS control strategies, SIS cause-
Backup & Verification | and-effect matrices, RTU polling tables — and validates backup integrity on a scheduled,
configurable basis to ensure recoverability.

3. Audit Logging Maintains immutable records of every addition, modification, or deletion across data assets and
configurations. Creates a defensible audit trail that supports both internal governance and
regulatory compliance.

4. Continuous Internal | Runs automated policy conformance checks against defined configuration standards, surfacing
Audit deviations with workflow-driven remediation pathways. Converts periodic manual audits into
always-on assurance.

5. Exception-Based Applies rules-based and statistical error detection to surface configuration anomalies,
Reporting unexpected tag changes, and policy violations proactively — before they escalate into
measurement failures or safety incidents.




6. Access Control Enforces role-based access limitations on OT data and configuration assets. Ensures that
sensitive operational technology data is available only to authorized personnel and integrated
systems, reducing insider risk and limiting lateral exposure.

Table 2. Six Pillars of Integrity Preservation

These six pillars are not independent capabilities — they form a reinforcing system. Validated data feeds accurate audit logs.
Continuous auditing surfaces configuration deviations. Exception-based reporting prioritizes remediation. Access controls
protect the integrity of all layers. Together, they establish a defensible, audit-ready posture that is maintained continuously
rather than demonstrated episodically.

5. Tag Consistency Analysis: From Silent Discrepancy to Rapid Resolution
Among the most operationally significant capabilities enabled by the digital twin framework is side-by-side tag consistency
analysis. In a typical process facility, a single measurement point may be represented by four distinct tag references:

e The instrument device tag in the field instrumentation database (e.g., Smart Plant Instrumentation or equivalent)

e The DCS process tag associated with the control loop

e The historian or data management tag used for trending and reporting

e The SIS input tag that triggers safety actions at defined process limits

These tags are typically maintained by different teams — instrumentation engineers, control systems engineers, process
engineers, and safety engineers — using different tools, on different schedules, without a systematic reconciliation
mechanism. The result is that discrepancies accumulate: a range change applied in the field device is not reflected in the SIS;
a renamed DCS tag is not updated in the historian; a decommissioned instrument remains active in the configuration
database.

Tag consistency analysis within the digital twin framework continuously reconciles these sources, flagging discrepancies in
real time rather than waiting for them to surface as process upsets or compliance findings. The operational impact is
substantial: issues that previously required multi-day investigation by cross-functional teams are identified in seconds and
presented with the contextual information needed to drive rapid resolution.

6. Vulnerability Management: Beyond CVSS Scores

The Common Vulnerability Scoring System (CVSS) provides a standardized framework for characterizing the technical
attributes of a vulnerability. Understanding CVSS metrics is a prerequisite for effective vulnerability management in OT
environments, but it is not sufficient on its own.

6.1 CVSS Exploitability Metrics

CVSS evaluates vulnerabilities across four exploitability dimensions that are particularly relevant for OT/ICS environments:

Metric Low Description Medium | Description Lower Description
Risk Risk Risk

Attack Low No special conditions | Medium | Non-standard High Rare or

Complexity required — highest conditions must exist unpredictable
risk conditions

required

Privilege None No authentication Low Minimal user-level High Administrative-

Required needed — highest privileges required level privileges
risk required




Attack Vector | Network | Exploitable remotely | Adjacent | Exploitable from Local / Requires direct
over a network Network | logically adjacent Physical | local or physical
network access
User None No user action Required | Exploitdependsona | — Scope metric
Interaction required — highest user performing an introduced in
exploitability action CVSS v3

Table 3. CVSS Exploitability Metrics for OT/ICS Environments
In ICS/OT environments, these metrics take on additional significance. A network-accessible vulnerability with low attack
complexity and no privilege requirement in a safety instrumented system represents a categorically different risk than the
same CVSS score in a business application — because the consequence of exploitation may include loss of safety function,
not merely data loss.

6.2 Why CVSS Scores Alone Do Not Drive Prioritization

Knowing vulnerability details is useful — but it does not tell organizations what to fix first. A high severity score does not
equal high priority without business and environmental context. To prioritize effectively, organizations must perform a risk
assessment, not just review CVSS scores. Risk decisions require more than technical data about the vulnerability.

Effective vulnerability prioritization in OT environments requires integrating CVSS data with the following additional
factors:

e Data sensitivity of the impacted system (e.g., confidential process data vs. non-critical auxiliary systems)

e Connectivity and exposure: whether the asset is internet-facing, on an internal network, or isolated in a demilitarized
zone

e  Asset criticality, including the business and safety impact of downtime or compromise

e Process Hazard Analysis (PHA) or safety impact assessment for industrial and OT environments

e Operational dependencies and how failure of the affected asset propagates to adjacent systems

e  Existing security controls that may reduce or amplify the exploitability of the vulnerability in context
e Threat likelihood, considering real-world exploitation trends for the vulnerability class in question

7. Vulnerability Data Enrichment and Assessment Workflow

Translating published vulnerability data into actionable OT risk assessments requires a structured enrichment process. The
following workflow describes how raw National Vulnerability Database (NVD) data is transformed into an enriched asset-
level vulnerability model and applied to a continuously maintained OT asset inventory:

e Download NVD data: Retrieve the latest vulnerability data from the National Vulnerability Database.

e Convert to Vulnerability Asset Model: Map NVD entries to a vendor/product/firmware version schema aligned with
the OT asset inventory.

e Analyst review: Identify discrepancies between NVD data and the known OT asset model; augment with OT-
specific context and impact information.

e Publish enriched model: Distribute the validated vulnerability asset model for downstream assessment use.

e Customer/site download: Automated retrieval of the enriched model via scheduled download script to the customer
environment.

e Database ingestion: Load the enriched model into the asset inventory database for matching against deployed assets.



e Run assessment: Execute the vulnerability assessment, matching enriched vulnerability data against the live asset
inventory by vendor, product, version, and network segment.

e  Generate results: Produce vulnerability assessment results organized by asset, severity, exploitability, and network
exposure — enabling prioritized, context-aware remediation.

This workflow is executed on a scheduled, automated basis, ensuring that the vulnerability assessment results reflect the
current state of both the vulnerability landscape and the organization's asset inventory. When new ICS-CERT advisories are
published, the enrichment and assessment cycle can be triggered immediately rather than waiting for the next scheduled run.

8. Asset Inventory and ICS-CERT Case Studies

The speed with which organizations can assess and respond to published cybersecurity advisories is directly proportional to
the quality and currency of their asset inventory. This relationship becomes critical when advisories — such as those
published by the Industrial Control System Cyber Emergency Response Team (ICS-CERT) — identify critical-rated
vulnerabilities in widely deployed safety instrumented systems or control platforms.

8.1 Case Study: ICS-CERT Advisory on Safety Instrumented System

The following ICS-CERT advisory illustrates the operational value of a continuously maintained asset inventory:

Release Date July 23, 2020

CVSS Rating Critical (10.0)

Affected Products — TriStation 1131 v1.0.0 to v4.9.0, v4.10.0, and v4.12.0, operating on Windows NT, Windows
Engineering Software XP, or Windows 7

Affected Products — Tricon Communications Module (TCM) Models 4351, 4352, 4351A/B, and 4352A/B
Communications installed in Tricon v10.0 to v10.5.3 systems

Modules

Table 4. ICS-CERT Advisory — Critical Vulnerability in Safety Instrumented System

This advisory affected both the engineering workstation software (TriStation 1131) running on end-of-life Windows
operating systems, and the hardware communications modules (Tricon TCM) embedded in deployed safety systems. For
organizations without a continuously maintained asset inventory, determining exposure to this advisory required manual
cross-referencing of procurement records, site documentation, and vendor communications — a process that typically takes
days.

A continuously maintained digital twin asset inventory enables a fundamentally different response posture. When this
advisory was published, an organization with a current asset inventory could immediately query deployed assets by vendor,
model, firmware version, and network segment — producing a precise exposure assessment within minutes. This capability
has been validated in real-world scenarios, where the difference between rapid and delayed response can determine whether a
vulnerability is remediated before exploitation occurs.

8.2 Inventory-Driven Vulnerability Response Capabilities

The asset inventory also supports proactive vulnerability management capabilities beyond advisory response:
e Tracking patch applicability across the full OT asset fleet by vendor and version
e Identifying assets operating beyond vendor support lifecycles and therefore unable to receive patches
e Prioritizing remediation based on operational criticality, network exposure, and safety impact
e Validating patch deployment by confirming updated firmware versions against the inventory post-remediation

e  Generating audit-ready evidence of vulnerability assessment and remediation activity



9. Operational Dashboards: Making Integrity Visible

The analytical capabilities of the digital twin framework are realized through operational dashboards designed specifically for
the professionals who manage OT integrity: instrumentation engineers, control systems engineers, OT cybersecurity analysts,
and operations managers.

Effective integrity dashboards share several design principles:

e  Exception-first presentation: Normal operation requires no action; dashboards surface only deviations, anomalies,
and pending remediations, reducing cognitive load and enabling rapid prioritization.

e (Cross-domain context: A tag discrepancy view that shows the instrument record, DCS configuration, and SIS
definition side by side — in a single interface — eliminates the need to navigate multiple specialized tools.

e  Workflow integration: Identified deviations are not merely flagged; they are routed to the appropriate owner with
contextual information, escalation paths, and resolution tracking built into the interface.

e Audit-ready output: Dashboard states, deviation logs, and remediation records are exportable in formats suitable for
regulatory submissions, internal audits, and management reporting.

The combination of continuous monitoring, automated policy conformance checking, and workflow-driven remediation
transforms OT integrity from a periodic audit function into an always-on operational discipline.

10. Conclusion

Digital twins, analytics, and operational dashboards are not experimental technologies for the OT environment — they are
mature, deployable infrastructure for organizations that need to defend measurement integrity, reduce human error risk, and
maintain defensible, audit-ready control system environments.

The framework presented in this paper addresses the most persistent OT integrity and cybersecurity challenges through
interconnected capabilities: six reinforcing integrity pillars; continuous tag consistency analysis across instrument, DCS, SPI,
and SIS data sources; CVSS-informed vulnerability assessment enhanced with operational risk context; a structured
vulnerability data enrichment workflow; and rapid advisory response grounded in a continuously maintained asset inventory.

For professionals spanning instrumentation, control systems engineering, OT cybersecurity, and operations management, the
message is clear: the tools to achieve continuous measurement integrity and cyber-informed operational assurance already
exist. The cost of not deploying them — measured in undetected discrepancies, delayed vulnerability response, and failed
audits — exceeds the cost of implementation.

Key Takeaways
e Digital twins of OT/ICS assets enable continuous data validation and configuration integrity monitoring without

disrupting live operations.

e Six core integrity preservation practices — validation, backup, logging, auditing, error detection, and access control
— form a reinforcing framework when implemented through integrated analytics and dashboards.

e Tag consistency analysis across instrument, DCS, SPI, and SIS data sources identifies and resolves measurement
discrepancies that would otherwise go undetected until they produce operational or compliance failures.

e CVSS exploitability metrics provide the technical foundation for vulnerability prioritization, but effective risk
management requires integrating operational context: asset criticality, process safety impact, network exposure, and
threat likelihood.

e A structured vulnerability data enrichment workflow — from NVD download through enriched asset model to site-
level assessment — enables systematic, automated, and repeatable vulnerability management at scale.

e A continuously maintained digital twin asset inventory enables rapid, precise assessment of exposure when new ICS
cybersecurity advisories are published — dramatically reducing response time for critical-rated vulnerabilities.



Glossary of Key Terms

CVSS Common Vulnerability Scoring System — a standardized framework for rating the severity of
security vulnerabilities.

DCS Distributed Control System — a process control platform used to manage continuous industrial
operations.

ICS-CERT Industrial Control System Cyber Emergency Response Team — the U.S. government body
publishing advisories on ICS cybersecurity vulnerabilities.

NVD National Vulnerability Database — the U.S. government repository of standards-based vulnerability
management data.

oT Operational Technology — hardware and software that monitors and controls physical devices and
processes.

RTU Remote Terminal Unit — a device that interfaces physical process equipment with a supervisory

control system.

SIS Safety Instrumented System — an independent control system designed to bring a process to a safe
state upon detection of a hazardous condition.

Tag A named identifier for a process variable or data point within a control system, instrument database,
or historian.

Digital Twin A continuously synchronized virtual representation of a physical asset or system, enabling
monitoring and analysis without interacting with live operations.

CPE Common Platform Enumeration — a standardized naming scheme for hardware, operating systems,
and applications used in vulnerability management.

Table 5. Glossary of Key Terms



