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Executive Summary
Manufacturing historians are among the most important systems in a modern factory. They capture
the process values, equipment states, alarms, environmental conditions, and other time-series data
that help teams understand how manufacturing actually occurred.

Factory intelligence systems should not treat historians as obsolete. They should treat historians
as trusted sources of process history and build governed integration patterns around them.

At the same time, modern industrial architectures increasingly use Unified Namespace concepts
to make operational data available through structured, real-time, publish/subscribe patterns. A
Unified Namespace can help reduce point-to-point integration and create a common data fabric
across the factory. But a UNS should not be treated as a simple replacement for a historian.

The recommended pattern is:

Keep the historian as the trusted system for high-volume historical time-series data. Use
the Factory Intelligence Platform to contextualize historian data, link it to equipment
and process context, and publish curated state, events, summaries, and references into
a governed Unified Namespace where appropriate.

This approach preserves the value of the historian while enabling more modern, interoperable, and
intelligent manufacturing workflows.

Why Historian Integration Matters
A historian can tell a team what happened in the process. But by itself, it often cannot explain
the broader manufacturing story.

A trend may show that pressure increased, temperature dropped, or a pump cycled unexpectedly.
To understand the significance of that behavior, a user may need to know which batch was running,
which phase was active, what material was involved, whether an alarm occurred, whether mainte-
nance happened recently, whether the instrument was calibrated, and whether the same pattern
has appeared before.

That broader context is where a factory intelligence system becomes useful.

The goal is not to move all historian data into a new platform. The goal is to make historian
data easier to understand in relation to equipment, batches, quality events, maintenance records,
validation artifacts, and human workflows.
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Historian and Unified Namespace: Different Jobs, Shared Value
A historian and a Unified Namespace solve different problems.

The historian is optimized for durable time-series history. It is where users go to retrieve trends, re-
play process behavior, investigate events, and understand what happened over time. It is especially
valuable for high-volume data and long-term retention.

A Unified Namespace is an architecture pattern for structured data exchange. It allows producers
and consumers to share current state, events, and contextual signals through a common namespace,
often using MQTT or Sparkplug-compatible patterns. It is especially useful for real-time integration
and decoupling systems from one another.

These two ideas should work together.

A good factory intelligence architecture uses the historian for historical truth and the UNS for
governed distribution of current state, events, summaries, and references. The UNS should not
become an unfiltered dump of every raw historian tag. That creates noise, increases security risk,
and makes the namespace harder to govern.

Reference Pattern
The recommended pattern starts with the historian as the source of time-series history. A read-only
connector retrieves values, metadata, and quality information. The platform maps those values to
equipment, process, batch, and event context. Applications and AI services then use that context
to support human review. When useful, the platform publishes curated outputs into a Unified
Namespace for other systems to consume.

flowchart LR
A[PLC / DCS / SCADA / Equipment] --> B[Manufacturing Historian]
B --> C[Read-Only Historian Connector]
C --> D[Contextualization and Tag Mapping]
D --> E[Factory Knowledge Layer]
D --> F[Time-Series Query API]
D --> G[Event and Summary Builder]
G --> H[Curated UNS Publisher]
H --> I[Unified Namespace]
E --> J[Human Review Applications]
F --> J
I --> K[Other Consumers]
J --> L[Quality, Engineering, Maintenance, and Operations Review]

This architecture keeps responsibilities clear. The historian remains the place to retrieve detailed
process history. The Factory Intelligence Platform becomes the place to organize context, derive
meaningful events, support investigations, and publish curated information. The UNS becomes an
integration fabric, not a replacement database.

Read-Only First
The first historian integration should be read-only. This is both a security principle and a validation
principle.
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A read-only connector can retrieve process values, tag metadata, timestamps, and quality informa-
tion without modifying historian records or source-system configuration. This allows the platform
to support investigation and review while minimizing the risk of unintended changes to critical
systems.

Any capability that writes back to a historian, changes configuration, triggers source-system actions,
or influences process control should be treated as a separate higher-risk design. It should require
additional cybersecurity review, change control, testing, and validation evidence.

Context Is the Integration Layer
The most important part of historian integration is not the query itself. It is the context around
the query.

A tag mapping registry should connect historian tags to meaningful factory objects. For example,
a tag should be mapped to a specific asset, instrument, signal name, engineering unit, expected
range, criticality, and GxP relevance where applicable. These mappings should be versioned and
controlled because incorrect context can lead to incorrect conclusions.

If a platform maps a temperature value to the wrong reactor, uses the wrong engineering unit,
ignores a bad data quality flag, or associates a trend with the wrong batch phase, the resulting
intelligence may be misleading even if the original historian value was correct.

That is why this pattern treats context as a controlled asset.

Data Quality and Timestamp Integrity
Historian data should never be stripped of its quality information.

Manufacturing users need to know whether data was good, bad, questionable, substituted, interpo-
lated, missing, compressed, or affected by source-system downtime. They also need to understand
timestamp rules, time zone handling, retrieval time, and clock synchronization assumptions.

A factory intelligence system should make data quality visible. For example, if an AI assistant
summarizes a process window, it should not ignore the fact that 30 percent of the values in that
window were missing or bad quality. If a dashboard displays an average, it should be clear whether
that value was calculated from raw values, interpolated values, or compressed historian data.

Trustworthy intelligence depends on trustworthy data handling.

Curated Publishing to the Unified Namespace
The platform should publish to a Unified Namespace selectively.

Good candidates for UNS publishing include current equipment state, current batch phase, con-
textualized alarm events, data quality issues, process summary statistics, excursion events, and
references to historian query windows. These are useful to other consumers because they are cu-
rated, contextualized, and easier to interpret.

Raw high-frequency time-series data should usually remain in the historian unless there is a specific,
governed reason to publish it. Publishing every raw tag to a broker can overwhelm consumers,
increase infrastructure cost, and make the namespace harder to secure and maintain.
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A useful UNS message should include enough metadata for responsible use. At minimum, it should
identify the asset, signal, source system, original tag or source reference, timestamp, engineering
units, data quality, calculation method, context version, and lineage back to the source data.

Example Payload Concept
A contextualized message published to a namespace might represent the current summarized state
of a reactor temperature signal. It should not simply say 72.4. It should explain what that value
represents, where it came from, when it was measured, what units apply, whether the quality was
good, and how it can be traced back to the historian.

{
"asset_id": "reactor-101",
"signal_name": "temperature",
"source_system": "site-historian-01",
"source_tag": "R101_TEMP.PV",
"timestamp": "2026-05-15T14:32:10Z",
"value": 72.4,
"engineering_units": "degC",
"quality": "good",
"calculation_method": "current_value",
"context_version": "asset-model-v1.3.0",
"lineage": {

"query_window_start": "2026-05-15T14:31:10Z",
"query_window_end": "2026-05-15T14:32:10Z"

}
}

This kind of payload is more useful than a raw value because it gives downstream consumers enough
information to understand and evaluate the data.

Integration Modes
Historian integration does not need to use one pattern for every use case.

For investigations, the platform may use query-on-demand. A user selects an event, batch, or
time window, and the platform retrieves the relevant historian data at that moment. This avoids
unnecessary duplication and preserves the historian as the source of truth.

For dashboards and routine review, the platform may use scheduled summaries. It can calcu-
late hourly averages, batch phase statistics, environmental summaries, or equipment performance
indicators and store those derived results with clear lineage.

For event-driven workflows, the platform may use event-window extraction. When a deviation,
alarm, or maintenance event occurs, the platform retrieves the relevant historian window before
and after the event and builds a review packet.

For real-time awareness, the platform may subscribe to near-real-time updates and publish curated
state or events to the UNS. This mode requires stronger attention to performance, broker load,
buffering, security, and consumer expectations.
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The right mode depends on intended use, risk, latency needs, data volume, and validation require-
ments.

Validation and CSA Considerations
Historian integration can support low-risk engineering use cases or higher-risk quality workflows.
The validation approach should be based on intended use.

A non-GxP engineering dashboard may require a relatively lightweight assurance approach. A
workflow that supports deviation investigation or quality trend review may require stronger evidence
around tag mapping, data quality handling, access control, and time-window accuracy. A system
whose outputs are used directly in batch disposition or regulated record generation requires a much
more rigorous validation strategy.

Regardless of risk level, the integration should clearly document the intended use, source system,
access method, tag mappings, configuration baseline, data quality handling, and testing approach.
For regulated use, the adopting organization remains responsible for approving the site-specific
validation or assurance package.

The open-source project can help by providing templates, examples, test strategies, and release
evidence. It cannot validate every deployment context by default.

Cybersecurity Considerations
Historian integration often crosses sensitive boundaries between operational technology and infor-
mation technology. The platform should use least-privilege access, read-only service accounts, se-
cure credential storage, network segmentation, encrypted communication where supported, broker
authentication, topic-level authorization, logging, dependency scanning, and a clear vulnerability
disclosure process.

The UNS must also be governed. An unsecured broker can become a major risk. Namespace topics
should not be anonymously writable or readable. Sensitive process information should be published
only when there is a clear use case, approved consumer, and appropriate access control.

Security is not separate from validation. If a system can be easily compromised, tampered with, or
misconfigured, then its outputs cannot be trusted for quality-critical use.

AI and Historian Data
AI-assisted factory intelligence can make historian data easier to use, but it also introduces new
risks.

AI can help summarize a process window, identify related alarms, compare a batch against prior
runs, highlight missing data, or suggest possible investigation paths. These capabilities can be
valuable when they remain advisory and source-linked.

The platform should prevent AI from presenting conclusions without evidence. AI outputs should
show the source time windows, tags, data quality summaries, and assumptions used. Users should
be able to inspect the underlying historian data and context. In regulated settings, AI output
should support human review rather than replace approved quality procedures.

A practical early boundary is simple: AI may assist investigation, but it should not independently
make product quality decisions, approve records, change process parameters, or close deviations.
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Practical Use Case: Deviation Investigation
Imagine a deviation occurs during a batch process. The quality team needs to understand whether
a process parameter moved outside the expected range and whether the event may have affected
product quality.

Using this integration pattern, the Factory Intelligence Platform can identify the relevant equipment
and batch phase, retrieve the historian data for the event window, preserve data quality flags, show
related alarms, check recent maintenance activity, and provide a contextual review packet. If AI
is used, it can summarize the evidence and suggest areas for human review, but the final decision
remains with authorized quality personnel.

The value of the system is not that it replaces the QMS or the investigator. The value is that it
brings together process history and factory context faster, with better traceability.

Practical Use Case: Maintenance Reliability
A pump repeatedly trips during production. The historian contains current, pressure, flow, vibra-
tion, and run-status data. The CMMS contains work orders and maintenance history. Operators
may know that the issue appears during a specific product or process phase.

The Factory Intelligence Platform can connect these pieces. It can retrieve historian trends around
each trip, map them to the pump and process context, compare patterns across events, link related
work orders, and publish a current equipment health signal to the namespace.

This creates a connected reliability picture instead of a collection of isolated trend charts and work
orders.

Recommended MVP Pattern
For the Open Factory Initiative, a responsible initial implementation should use simulated historian
data or a safe test source, a read-only connector interface, a tag mapping registry, an asset hierarchy
model, a time-window query API, data quality summaries, and a curated UNS publisher example.

The MVP should demonstrate how historian data becomes contextualized factory intelligence. It
should not attempt closed-loop control, automated quality decisions, unrestricted writeback, or
uncontrolled publishing of every raw tag.

Anti-Patterns to Avoid
The most common mistake is treating the UNS as a replacement historian. Another is publishing
raw tags without context and assuming that availability equals usefulness. A third is allowing AI
tools to summarize process data without exposing source windows, data quality, or assumptions.

A factory intelligence system should avoid losing source tag names, hiding quality flags, mixing raw
and derived values without labels, changing mappings without version history, or treating a demo
connector as production validated software.

The goal is not to make more data move faster. The goal is to make trustworthy data easier to
understand and use.
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Conclusion
Historians and Unified Namespace concepts should work together.

The historian provides durable, high-resolution process history. The UNS provides a structured
way to distribute current state, events, summaries, and contextual signals. The Factory Intelligence
Platform connects these ideas through governed context, human review workflows, validation readi-
ness, and responsible AI assistance.

The Open Factory Initiative’s position is:

Do not replace the historian. Contextualize it. Govern it. Preserve lineage. Publish
only what is useful. Use the UNS as an integration fabric, not a dumping ground. Build
factory intelligence on top of trustworthy operational data.

This pattern provides a practical foundation for that approach.

Appendix A: Historian and UNS Roles at a Glance

Capability Historian Unified Namespace
Primary role Durable time-series history Real-time structured data

exchange
Best suited for Trends, replay, investigations,

long-term retention
Current state, events,
summaries, integration signals

Data pattern High-volume historical query Publish/subscribe exchange
Risk if misused Data without broader context Ungoverned raw tag dump
Best relationship Source of process history Integration fabric for curated

context

Appendix B: Site Questions Before Adoption
Before adopting this pattern, a site should define which historian is the source of truth, which tags
are in scope, which data may be GxP-relevant, who owns tag mapping approval, what quality flags
must be preserved, what may be published to the UNS, which consumers may subscribe, and what
testing is required for the intended use.

Appendix C: Suggested Validation Evidence
A site-specific evidence package may include an intended-use statement, GxP impact assessment,
data integrity assessment, risk assessment, tag mapping review, connector configuration baseline,
historian query verification, data quality handling tests, access control review, UNS publishing
scope, security review, change control record, and quality approval where applicable.

Appendix D: Standards and Concepts This Pattern Aligns With
This pattern is intended to align with enterprise-control integration concepts, Purdue-style in-
dustrial architecture thinking, MQTT publish/subscribe architecture, Sparkplug-style industrial
MQTT state awareness, secure software development practices, risk-based computer software as-
surance, and data integrity expectations in regulated manufacturing. Each adopting organization
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should interpret these concepts through its own quality system, cybersecurity program, and regu-
latory obligations.

Notes
1. This article was drafted and reviewed by the Open Factory Initiative team. AI tools may

have been used for editing, organization, or drafting assistance; final content reflects human
review and responsibility.
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