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Electromagnetic Observability Framework (EOF)
Version 1.0 Engineering Standard

Volume I — Foundation

Chapter 1
Why Electromagnetic Observability Exists

1.1 Introduction

Engineering has always progressed through the discovery and standardization of measurable
properties that describe the physical world.

The evolution of engineering is not merely a history of technological inventions; it is a history of
recognizing that complex physical phenomena can be observed, characterized, and communicated
through standardized engineering quantities. Once a phenomenon becomes measurable, it becomes
understandable. Once it becomes understandable, it can be analyzed, predicted, controlled, and
ultimately incorporated into engineering practice.

This progression has been repeated across virtually every engineering discipline.
Thermal engineering transformed heat into temperature.
Electrical engineering transformed electrical phenomena into voltage, current, resistance, and power.

Mechanical engineering transformed motion into measurable quantities such as displacement,
velocity, acceleration, and vibration.

Environmental engineering introduced standardized indicators describing air quality, water quality,
and atmospheric conditions.

In each case, engineering advanced because an invisible physical phenomenon was transformed into
an engineering property.

The same opportunity now exists for the electromagnetic environment.

1.2 The Evolution of Engineering Understanding

Engineering rarely begins by inventing new physical phenomena.

Instead, engineering discovers better methods for understanding phenomena that have always existed.
Gravity existed long before structural engineering.

Heat existed before thermodynamics.

Electricity existed before electrical engineering.
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Likewise, the electromagnetic environment has always existed.

Every physical space continuously interacts with electromagnetic energy. These interactions arise
from natural sources, electrical infrastructure, electronic equipment, wireless communication systems,
industrial machinery, sensing technologies, and increasingly from billions of interconnected digital
devices.

These interactions collectively create a continuously evolving electromagnetic environment
surrounding every physical space.

Although this environment has become increasingly complex over the past decades, engineering has
largely continued to study it through isolated technological perspectives rather than as a unified
engineering phenomenon.

1.3 Engineering Has Never Described the Electromagnetic State of Physical
Spaces

Modern engineering has developed sophisticated methods for measuring almost every observable
property of the built environment.

Buildings are routinely characterized by their thermal performance.
Factories are evaluated through mechanical performance.
Power systems are monitored through electrical parameters.

Environmental systems measure air quality, humidity, pressure, illumination, vibration, occupancy,
and energy consumption.

Collectively, these measurements provide engineers with an increasingly comprehensive
understanding of physical environments.

However, one important characteristic remains largely absent from engineering practice.

No universally accepted engineering methodology exists for describing the electromagnetic state of
a physical space.

Wireless engineers analyze radio communication.

Network engineers monitor connectivity.

Spectrum engineers measure frequency utilization.

Cybersecurity professionals identify wireless devices.

Facilities engineers monitor environmental infrastructure.

Each discipline observes a fragment of electromagnetic activity.

None attempts to characterize the electromagnetic state of the space itself.

This distinction is fundamental.
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Engineering currently measures electromagnetic technologies.

It does not measure the electromagnetic condition of physical environments.

1.4 The Invisible Engineering Property
Consider two data centres.

Both maintain identical temperatures.

Both consume similar electrical power.

Both operate identical cooling systems.

Both satisfy identical environmental specifications.

Traditional engineering would conclude that both facilities exhibit comparable environmental
conditions.

However, their electromagnetic environments may differ substantially.

One facility may exhibit highly stable wireless activity, predictable electromagnetic behaviour, and
consistent environmental characteristics.

The second facility may experience increasing electromagnetic variability resulting from new wireless
devices, infrastructure modifications, unauthorized transmitters, equipment degradation, or changing
operational activity.

Existing engineering measurements provide little insight into these differences because no
standardized engineering property currently represents the electromagnetic condition of either facility.

Consequently, two environments that appear operationally identical may in fact possess significantly
different electromagnetic characteristics.

Engineering presently lacks a common language to describe this distinction.

1.5 Beyond Radio Engineering
Electromagnetic Observability should not be interpreted as another branch of radio engineering.

Nor should it be considered a replacement for spectrum analysis, wireless communication
engineering, cybersecurity, or electromagnetic compatibility.

Those disciplines remain essential.
However, each addresses electromagnetic phenomena from the perspective of its own objectives.
Spectrum engineering focuses on efficient spectrum utilization.

Wireless engineering focuses on communication.
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Electromagnetic compatibility focuses on interference.

Cybersecurity focuses on protecting digital assets.

Electromagnetic Observability addresses a different engineering question.

Rather than asking,

"How well is a communication system performing?"

it asks,

""What is the electromagnetic state of this physical space?"

This subtle change in perspective establishes an entirely different engineering objective.
The subject of observation is no longer an individual wireless technology.

The subject becomes the physical environment itself.

1.6 From Observations to Engineering Knowledge

Individual electromagnetic observations possess limited engineering value when considered
independently.

A detected Bluetooth transmission describes only one observable event.

A Wi-Fi access point represents another isolated observation.

Cellular activity contributes additional information.

Industrial radio systems provide further evidence.

Viewed individually, these observations describe technologies.

Viewed collectively, they begin to describe the electromagnetic behaviour of a physical environment.

Engineering frequently derives understanding by integrating numerous observations into a higher-
level representation.

Meteorology combines measurements of pressure, temperature, humidity, and wind into descriptions
of weather systems.

Medicine combines physiological measurements into assessments of patient health.
Environmental engineering integrates multiple pollutants into standardized air quality indicators.
Electromagnetic Observability follows the same engineering philosophy.

Individual electromagnetic observations are not the final engineering objective.

They are evidence.
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Engineering value emerges only when these observations are interpreted collectively to characterize
the electromagnetic condition of a physical space.

1.7 The Need for a New Engineering Discipline

The rapid proliferation of wireless technologies, autonomous systems, connected infrastructure, and
intelligent environments has fundamentally changed the electromagnetic landscape of modern
facilities.

Every year, physical spaces become increasingly dependent upon electromagnetic interactions that
remain largely invisible to conventional engineering practice.

As these interactions continue to expand, the absence of standardized engineering methodologies
becomes increasingly significant.

Engineers require more than device inventories.
They require more than spectrum measurements.
They require more than network statistics.

They require a standardized engineering methodology capable of describing the electromagnetic state
of physical environments with the same clarity that temperature describes thermal conditions or
vibration describes mechanical behaviour.

This Engineering Standard establishes that methodology.

It introduces Electromagnetic Observability as the engineering discipline concerned with the
systematic observation, assessment, and communication of the electromagnetic state of physical
spaces.

1.8 Looking Forward

The purpose of this chapter has not been to define implementation techniques or assessment
algorithms.

Its purpose has been to establish the engineering motivation for the framework.
The chapters that follow progressively build upon this foundation.

The next chapter examines how engineering disciplines historically evolve through standardization
and demonstrates why the electromagnetic environment is now ready to be formalized as a
measurable engineering property.

Electromagnetic Observability Framework (EOF)
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Volume I — Foundation

Chapter 2

The Evolution of Engineering Disciplines

2.1 Introduction

Engineering is often perceived as the application of science to solve practical problems. While this is
fundamentally true, history reveals a more profound pattern underlying the emergence of every
engineering discipline.

Engineering disciplines are not created simply because new technologies appear.

They emerge when engineers recognize that an important aspect of the physical world requires its
own systematic methods of observation, interpretation, communication, and standardization.

Every major engineering discipline has followed this progression.
Initially, a physical phenomenon is observed only within isolated scientific investigations.

As understanding increases, engineers begin developing methods to measure and characterize that
phenomenon.

Eventually, common terminology, engineering principles, and standardized methodologies are
established.

Only then does a new engineering discipline emerge.
The Electromagnetic Observability Framework follows this same historical progression.
It does not propose a new branch of physics.

It proposes a new engineering discipline for understanding an existing physical property.

2.2 The Pattern Repeated Throughout Engineering History
The history of engineering demonstrates remarkable consistency.

Although technologies evolve rapidly, the process through which engineering disciplines mature has
remained largely unchanged.

The progression typically follows seven stages.
Stage 1 — Recognition
A physical phenomenon is recognized as important.

Initially, its significance is often confined to scientific research or isolated technical applications.
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Stage 2 — Observation

Methods are developed to observe the phenomenon consistently.

These observations may initially be qualitative before becoming quantitative.
Stage 3 — Measurement

Engineering develops repeatable measurement techniques capable of describing the phenomenon
objectively.

Measurement transforms observation into engineering evidence.
Stage 4 — Characterization
Individual measurements are integrated to describe broader behaviour.

Rather than examining isolated observations, engineers begin identifying patterns, relationships, and
operational characteristics.

Stage 5 — Assessment

Engineering develops methods for evaluating the observed behaviour.

Assessment transforms measurements into engineering understanding.

Stage 6 — Standardization

Terminology, methodologies, indicators, and engineering practices become standardized.

This enables engineers across organizations and industries to communicate using a common language.
Stage 7 — Operational Integration

The discipline becomes integrated into everyday engineering practice.

What was once regarded as specialized knowledge eventually becomes routine engineering.

Temperature, vibration, structural integrity, air quality, and electrical power all followed this
progression.

Electromagnetic Observability is now approaching the same stage of engineering maturity.

2.3 Engineering Disciplines Are Defined by Their Questions

Perhaps the simplest way to understand an engineering discipline is to examine the questions its
practitioners routinely ask.

Structural engineers ask:
"Can this structure safely support its intended load?"

Electrical engineers ask:
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"How is electrical energy generated, transmitted, and utilized?"

Mechanical engineers ask:

"How does this system move, and how efficiently does it perform?"
Environmental engineers ask:

"What is the quality of the surrounding environment?"

Each discipline is defined not by its instruments, but by the engineering questions it seeks to answer.
Electromagnetic Observability introduces a new engineering question.
"What is the electromagnetic condition of this physical space?"

This question differs fundamentally from those asked by existing disciplines.
It is not concerned with the performance of an individual wireless system.

It is not concerned with network throughput.

It is not concerned with radio spectrum licensing.

Instead, it seeks to understand the electromagnetic state of the environment as an engineering
property.

The emergence of a new engineering question often signals the emergence of a new engineering
discipline.

2.4 When Measurements Become Engineering Properties
Not every measurable quantity becomes an engineering property.
Engineers collect enormous amounts of data.

However, engineering advances only when those measurements become meaningful representations
of physical behaviour.

Temperature illustrates this distinction.

A thermometer reports a numerical value.

Engineering interprets that value as a representation of thermal behaviour.

Similarly, vibration sensors report acceleration.

Mechanical engineering interprets vibration as an indicator of machine condition.

Air quality monitoring systems measure concentrations of individual pollutants.

Environmental engineering interprets these measurements as indicators describing environmental

conditions.

Version 1.0 — Foundational Edition
Page



Electromagnetic Observability Framework
Version 1.0 — Foundational Edition

The same transformation must occur for electromagnetic environments.

Individual observations such as signal strength, frequency occupancy, device detection, spectrum
utilization, or transmission persistence are valuable measurements.

However, they do not independently describe the electromagnetic state of a physical space.
Only when interpreted collectively do they become representative of a broader engineering property.

This distinction separates measurement from engineering understanding.

2.5 The Growth of Invisible Infrastructure

Modern society increasingly depends upon infrastructure that cannot be directly perceived by human
senses.

Cloud computing.

Wireless communication.

Satellite navigation.

Machine-to-machine communication.

Industrial automation.

Autonomous vehicles.

Smart buildings.

Internet of Things.

Although these technologies differ substantially, they share one common characteristic.
They continuously influence the electromagnetic environment surrounding physical spaces.
Consequently, the electromagnetic state of modern environments is becoming increasingly dynamic.

Unlike temperature or structural geometry, which often change gradually, electromagnetic behaviour
may evolve within seconds as devices appear, disappear, relocate, communicate, or modify their
operating characteristics.

Traditional engineering disciplines rarely consider this evolving electromagnetic landscape as a
measurable engineering property.

The need for Electromagnetic Observability therefore increases as digital infrastructure becomes
increasingly integrated into everyday physical environments.

2.6 Engineering Maturity Requires Standardization
Engineering knowledge becomes valuable only when it can be shared consistently.
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Without standardized terminology, identical observations may be interpreted differently by different
organizations.

Without standardized methodologies, engineering conclusions become difficult to compare.
Without standardized indicators, communication becomes ambiguous.

Standardization therefore represents more than documentation.

It establishes a common engineering language.

The objective of the Electromagnetic Observability Framework is not merely to introduce new
terminology.

Its objective is to establish the engineering foundations necessary for future international
standardization of electromagnetic assessment methodologies.

This distinction is important.

The framework seeks to standardize engineering thinking before standardizing engineering
implementation.

2.7 The Position of Electromagnetic Observability
Electromagnetic Observability should not be viewed as a competing engineering discipline.

Instead, it should be understood as a complementary discipline that integrates knowledge from several
established domains.

It draws upon radio engineering for electromagnetic observations.

It benefits from signal processing for feature extraction.

It utilizes systems engineering for modelling complex environments.

It complements cybersecurity by providing environmental awareness.

It supports facilities engineering by introducing a new measurable property of physical space.
Its contribution is therefore not another sensing technology.

Its contribution is the engineering framework that unifies diverse electromagnetic observations into a
coherent representation of environmental state.

2.8 Looking Ahead

The first chapter established why Electromagnetic Observability is needed.
This chapter has shown how engineering disciplines emerge and why the electromagnetic

environment is approaching the point where it requires its own standardized engineering framework.
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The next chapter introduces the concept that lies at the heart of this framework.

It demonstrates that every physical space possesses an Electromagnetic Condition, irrespective of
whether that condition is currently observed or measured.

From this point forward, the framework transitions from explaining why the discipline exists to
defining what the discipline studies.

Electromagnetic Observability Framework (EOF)

Volume I — Foundation

Chapter 3

The Electromagnetic Condition of Physical Spaces

3.1 Introduction

Every engineering discipline is founded upon a clearly defined engineering property.
Structural engineering studies structural behaviour.

Thermal engineering studies thermal behaviour.

Hydraulic engineering studies fluid behaviour.

Electrical engineering studies electrical behaviour.

Environmental engineering studies environmental conditions.

Each discipline exists because engineers agreed that a particular aspect of the physical world could be
observed, understood, and communicated through systematic engineering methods.

The Electromagnetic Observability Framework introduces another engineering property.
This property is referred to as the Electromagnetic Condition.

Unlike traditional electromagnetic engineering, which often concentrates on individual devices,
communication systems, or spectrum utilization, the Electromagnetic Condition describes the
collective electromagnetic state of a physical space.

It is not a property of a radio transmitter.
It is not a property of a communication protocol.
It is not a property of an individual sensor.

It is a property of the physical environment itself.
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3.2 Every Physical Space Possesses an Electromagnetic Condition
Every physical space exists within an electromagnetic environment.

Whether that space is occupied or vacant, powered or unpowered, urban or rural, indoor or outdoor,
electromagnetic phenomena are continuously present.

These phenomena arise from numerous sources including:
e Natural electromagnetic activity.

e Electrical infrastructure.

e Electronic equipment.

e  Wireless communication systems.

o Industrial machinery.

e Transportation systems.

e Human-operated devices.

o Intelligent infrastructure.

Collectively, these sources create a continuously evolving electromagnetic environment surrounding
the space.

This environment exists independently of whether engineers choose to observe it.
Consequently,

every physical space inherently possesses an Electromagnetic Condition.
The purpose of this statement is not to introduce a new physical law.

Rather, it establishes an engineering perspective.

Temperature exists whether a thermometer is present.

Likewise,

the Electromagnetic Condition exists whether it is measured or not.

Engineering simply chooses to characterize it.

3.3 Understanding Electromagnetic Condition

The Electromagnetic Condition should not be interpreted as a single measurable quantity.
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It is a holistic engineering representation describing the collective electromagnetic characteristics of a
physical environment at a particular point in time.

Just as the health of a patient cannot be determined from a single physiological measurement, the
Electromagnetic Condition cannot be represented by a single radio observation.

Instead,

it emerges from the interpretation of many observations.

These observations collectively describe how the electromagnetic environment behaves.

The engineering objective is therefore not to measure one parameter.

The objective is to understand the condition created by all observable electromagnetic interactions.

This distinction represents the fundamental philosophy of Electromagnetic Observability.

3.4 Electromagnetic Condition is an Emergent Engineering Property
Many engineering properties are emergent.

Machine health emerges from numerous mechanical measurements.

Air quality emerges from multiple atmospheric observations.

Weather emerges from numerous environmental variables.

Similarly,

the Electromagnetic Condition emerges from the collective behaviour of electromagnetic
observations.

No individual observation defines the condition.
Instead,
the condition becomes evident only when observations are interpreted together.

This characteristic makes the Electromagnetic Condition fundamentally different from traditional
engineering measurements.

It is not directly measured.

It is characterized.

3.5 The Electromagnetic Identity of Space
Every physical space develops its own electromagnetic identity.

This identity is influenced by
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o the architecture of the space,

e construction materials,

e clectrical infrastructure,

e installed equipment,

e wireless technologies,

e operational processes,

e occupancy patterns,

e surrounding electromagnetic activity.
Consequently,
no two spaces exhibit identical Electromagnetic Conditions.

Even two architecturally identical buildings may develop different electromagnetic identities because
their operational behaviours differ.

Likewise,

the same physical space may exhibit different electromagnetic identities during different periods of
operation.

A hospital operating theatre.

An airport departure lounge.

A manufacturing plant.

A research laboratory.

A residential apartment.

Each develops its own characteristic electromagnetic behaviour.

This uniqueness forms the basis for engineering observation.

3.6 Electromagnetic Condition is Dynamic
Unlike many physical properties that change slowly,

the Electromagnetic Condition continuously evolves.
Devices appear and disappear.

Infrastructure changes.

Wireless activity fluctuates.
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Operational processes begin and end.

Environmental influences vary.

Human behaviour changes.

Consequently,

the Electromagnetic Condition should never be regarded as static.
Instead,

it should be understood as a continuously evolving engineering property whose behaviour reflects the
operational state of the physical environment.

Engineering therefore studies not only the condition itself,
but also

its evolution through time.

3.7 Condition versus Observation

A fundamental distinction exists between observations and conditions.
Observations describe individual pieces of evidence.

Conditions describe the engineering interpretation of that evidence.

For example,

detecting a Wi-Fi transmission is an observation.

Detecting a Bluetooth beacon is another observation.

Observing spectrum occupancy provides additional evidence.

None of these observations independently describe the Electromagnetic Condition.

Only after integrating multiple observations can engineering characterize the condition of the physical
space.

This distinction mirrors other engineering disciplines.

A thermometer reports temperature.

Temperature contributes to thermal understanding.

It does not completely describe the thermal condition of a building.
Likewise,

individual electromagnetic observations contribute evidence,
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but the Electromagnetic Condition represents the broader engineering understanding.

3.8 Why Electromagnetic Condition Matters
Engineering ultimately seeks understanding rather than data.
Measurements become valuable only when they improve engineering decision-making.

The Electromagnetic Condition provides engineers with a new perspective from which physical
environments may be understood.

Rather than asking,

"Which wireless devices are currently active?"

engineers may ask,

"How has the electromagnetic condition of this environment evolved?"

Rather than asking,

"What is the received signal strength?"

they may ask,

"Is the electromagnetic state of this space consistent with expected operational behaviour?"
This shift in perspective transforms electromagnetic observations into engineering knowledge.
It enables physical spaces to be understood not merely as collections of electronic devices,

but as environments possessing measurable electromagnetic characteristics.

3.9 Engineering Definition
For the purposes of this Engineering Standard,
the following definition is established.

Electromagnetic Condition is the collective engineering representation of the electromagnetic state
of a physical space, derived through the systematic interpretation of observable electromagnetic
behaviour over space and time.

This definition forms one of the fundamental concepts upon which the remainder of the
Electromagnetic Observability Framework is built.

3.10 Looking Ahead
Having established that every physical space possesses an Electromagnetic Condition,
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the next question naturally follows.

If every space possesses an Electromagnetic Condition, how can engineers observe it
systematically?

The next chapter answers this question by introducing the principles of Electromagnetic
Observation.

It establishes how engineering transforms diverse electromagnetic evidence into structured
observations suitable for characterization, assessment, and ultimately the Electromagnetic
Observability Index (EOI).

Electromagnetic Observability Framework (EOF)

Volume I — Foundation

Chapter 4

Understanding the Electromagnetic State of Physical
Spaces

4.1 Introduction

Engineering has traditionally described physical spaces through a collection of independent
engineering properties.

A building may be characterized by its structural integrity, thermal performance, electrical
infrastructure, environmental quality, acoustic behaviour, and energy consumption.

Each of these engineering properties represents a particular aspect of the overall state of the physical
environment.

Collectively, they enable engineers to understand how a physical space behaves.

The Electromagnetic Observability Framework proposes that the electromagnetic environment should
be understood in the same manner.

Rather than viewing electromagnetic activity as isolated wireless events, the framework regards it as
another engineering property contributing to the overall understanding of a physical space.

Consequently,

the electromagnetic environment should be considered an integral component of the engineering state
of every physical environment.
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4.2 What Is an Engineering State?

Engineering frequently describes systems in terms of their current state.
A thermal system possesses a thermal state.

An electrical system possesses an electrical state.

A structural system possesses a structural state.

A biological system possesses a physiological state.

State represents the current condition of a system as determined by the interaction of multiple
observable characteristics.

Importantly,

state is rarely represented by a single measurement.

Instead,

it emerges from the interpretation of many observations.

For example,

the operational state of an aircraft cannot be determined solely from engine temperature.
Similarly,

the operational state of a hospital cannot be determined solely from energy consumption.

Engineering therefore studies systems through the collective interpretation of multiple engineering
properties.

The same philosophy applies to electromagnetic environments.

4.3 The Electromagnetic State Exists Independently of Observation

One of the most important principles established by this Engineering Standard is that observation does
not create the electromagnetic state.

Observation merely reveals it.

This distinction cannot be overemphasized.
A thermometer does not create temperature.
A voltmeter does not create voltage.

An accelerometer does not create vibration.

Likewise,
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electromagnetic observations do not create the electromagnetic state of a physical environment.
The state exists continuously,

irrespective of whether engineers choose to observe it.

Engineering simply develops systematic methods for understanding that existing state.

This principle establishes Electromagnetic Observability as an observational discipline rather than a
technological discipline.

4.4 Electromagnetic State Is a Property of Space

Traditional electromagnetic engineering often associates electromagnetic behaviour with devices.
Transmitters produce signals.

Receivers detect signals.

Networks exchange information.

Although technically correct,

this perspective remains device-centric.

The Electromagnetic Observability Framework adopts a different viewpoint.

The subject of engineering observation is not the device.

It is the space.

Devices influence the electromagnetic state of a space,

but they do not define it.

Infrastructure influences the state.

Occupancy influences the state.

Operational processes influence the state.

Environmental conditions influence the state.

Collectively,

these influences determine the electromagnetic state experienced within the physical environment.

This shift from device-centric thinking to space-centric thinking represents one of the defining
characteristics of Electromagnetic Observability.

Physical Space — Electromagnetic State — Electromagnetic Observations — Electromagnetic
Condition — Assessment — Electromagnetic Observability Index (EOI).

Version 1.0 — Foundational Edition
Page



Electromagnetic Observability Framework
Version 1.0 — Foundational Edition

4.5 Electromagnetic State Is Continuously Evolving
Physical environments are never completely static.

People move.

Equipment operates.

Wireless communications begin and end.

Infrastructure changes.

Maintenance activities occur.

Environmental conditions vary.

Consequently,

the electromagnetic state of a physical space continuously evolves.
Some changes are expected.

Others may be unusual.

Some changes are temporary.

Others may persist over extended periods.

Engineering therefore studies not only the current electromagnetic state,
but also

its evolution,

its stability,

its persistence,

and its long-term behaviour.

Understanding change becomes just as important as understanding the present condition.

4.6 Every Space Possesses a Unique Electromagnetic Signature
No two physical spaces are electromagnetically identical.

Even buildings constructed from identical architectural plans develop different electromagnetic
characteristics once occupied and operated.

Different equipment.
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Different occupants.

Different infrastructure.

Different surrounding environments.

Different operational activities.

Collectively,

these factors produce a unique electromagnetic signature for each physical environment.

This uniqueness enables engineers to understand spaces as individual electromagnetic systems rather
than generic collections of wireless devices.

The Electromagnetic Observability Framework therefore recognizes every physical space as
possessing its own identifiable electromagnetic identity.

This identity evolves,

but it never loses its relationship with the physical environment from which it emerges.

4.7 The Electromagnetic State Is an Engineering Resource
Historically,

engineering has regarded electromagnetic activity primarily as something to be managed.
Interference should be reduced.

Communications should be optimized.

Spectrum should be efficiently utilized.

The Electromagnetic Observability Framework introduces a complementary perspective.
The electromagnetic environment is not merely an operational constraint.

It is also an engineering resource.

Its behaviour contains information.

Its evolution contains information.

Its stability contains information.

Its disturbances contain information.

Its long-term patterns contain information.

Rather than attempting only to control electromagnetic behaviour,

engineering may also learn from it.
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This concept represents one of the fundamental philosophical shifts introduced by Electromagnetic

Observability.

4.8 From Electromagnetic State to Engineering Awareness
Once engineers recognize the electromagnetic state as an engineering property,
new questions naturally emerge.

How stable is the state?

How rapidly is it evolving?

How closely does it resemble previous operating conditions?

Has the environment changed significantly?

Are the observed changes expected?

These questions cannot be answered through isolated signal measurements.
They require systematic engineering observation,

characterization,

assessment,

and interpretation.

The remainder of this Engineering Standard establishes those methods.

4.9 Engineering Statement

This Engineering Standard establishes the following engineering principle.

Every physical space possesses an electromagnetic state that exists independently of
observation. This state is continuously influenced by natural and engineered electromagnetic

interactions and may be systematically characterized, assessed, and communicated using the

principles defined by the Electromagnetic Observability Framework.

This statement forms one of the core principles upon which the remainder of EOF is constructed.

4.10 Looking Ahead

Having established that every physical space possesses a continuously evolving electromagnetic state,

the next question becomes one of engineering methodology.
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How can this state be observed in a systematic, repeatable, and technology-independent
manner?

The following chapter introduces the principles of Electromagnetic Observation, explaining how
engineering acquires evidence from the electromagnetic environment without coupling the discipline
to any specific sensing technology.

Electromagnetic Observability Framework (EOF)

Volume I — Foundation

Chapter 5

Engineering Principles of Electromagnetic Observability

5.1 Introduction

Every engineering discipline is governed by a set of fundamental principles that define how engineers
observe, interpret, and communicate knowledge about the physical world.

These principles are independent of technology.

They remain valid regardless of the instruments employed, the computational methods used, or the
industries in which they are applied.

Without such principles, engineering becomes a collection of isolated techniques rather than a
coherent discipline.

The Electromagnetic Observability Framework therefore establishes a set of engineering principles
that shall govern every implementation, irrespective of sensing technology, deployment architecture,
computational methodology, or operational environment.

These principles define the intellectual foundation of Electromagnetic Observability and ensure that
the discipline remains stable as technologies continue to evolve.

5.2 Principle 1 — Every Physical Space Possesses an Electromagnetic State
The first principle of Electromagnetic Observability establishes the subject of the discipline.

Every physical space possesses an Electromagnetic State.

This state exists continuously.

It is influenced by both natural and engineered electromagnetic phenomena.
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The state is independent of observation.

Engineers do not create the Electromagnetic State.

They observe it.

This principle aligns Electromagnetic Observability with established engineering disciplines.
Structural engineers do not create structural stress.

Thermal engineers do not create temperature.

Environmental engineers do not create atmospheric conditions.

Similarly,

Electromagnetic Observability recognizes and studies an engineering property that already exists
within every physical environment.

5.3 Principle 2 — Observation Produces Evidence, Not Understanding
Observation is the beginning of engineering—not its conclusion.

Every observation represents evidence describing some aspect of the Electromagnetic State.
However,

evidence alone is insufficient for engineering understanding.

For example,

a Bluetooth transmission,

a Wi-Fi beacon,

or an increase in spectrum activity

are all valid observations.

None independently explains the overall electromagnetic behaviour of the environment.
Engineering understanding emerges only after observations are interpreted collectively.
Consequently,

EOF distinguishes clearly between observing and understanding.

Observation acquires evidence.

Engineering transforms evidence into knowledge.

Version 1.0 — Foundational Edition
Page



Electromagnetic Observability Framework
Version 1.0 — Foundational Edition

5.4 Principle 3 — Electromagnetic Condition Represents Engineering
Characterization

The Electromagnetic State represents physical reality.

The Electromagnetic Condition represents engineering understanding of that reality.

This distinction is essential.

The Electromagnetic Condition is not measured directly.

Instead,

it is characterized through the systematic interpretation of electromagnetic observations collected over
space and time.

Two environments may produce similar individual observations while exhibiting fundamentally
different Electromagnetic Conditions.

Likewise,
similar Electromagnetic Conditions may emerge from different combinations of observations.
The purpose of engineering is therefore not merely to collect observations,

but to characterize the underlying condition of the environment.

5.5 Principle 4 — Engineering Assessment Requires Context
Engineering measurements possess meaning only when interpreted within context.

A machine temperature of 80°C may represent normal operation for one system and a critical fault for
another.

Similarly,

an Electromagnetic Condition cannot be evaluated independently of its operational environment.
An airport terminal,

a hospital operating theatre,

a research laboratory,

and a hyperscale data centre

will naturally exhibit different Electromagnetic Conditions.

Engineering assessment must therefore consider

the intended purpose,

operational characteristics,
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historical behaviour,

and environmental context

of the physical space.

Electromagnetic Observability does not seek universal electromagnetic behaviour.

It seeks contextual engineering understanding.

5.6 Principle S — Engineering Indicators Communicate Understanding
Engineering disciplines rarely communicate individual observations directly.

Instead,

they develop engineering indicators capable of summarizing complex behaviour.

Weather forecasts summarize atmospheric observations.

Machine health summarizes mechanical behaviour.

Air quality indices summarize environmental measurements.

The Electromagnetic Observability Framework adopts the same philosophy.

Individual observations describe evidence.

Engineering indicators communicate understanding.

This principle ultimately leads to the Electromagnetic Observability Index (EOI), which provides a
standardized engineering representation of the assessed Electromagnetic Condition.

5.7 Principle 6 — Technology Shall Not Define the Discipline

Technologies evolve.
Engineering principles endure.

The Electromagnetic Observability Framework shall remain independent of individual sensing
technologies.

Today's observations may originate from
BLE,
Wi-Fi,

Cellular,

UWB,
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LoRa,

or future communication systems.

Tomorrow,

entirely new observation mechanisms may emerge.

The engineering principles defined by EOF shall remain valid regardless of these technological
changes.

Technology is therefore regarded as an implementation mechanism rather than the defining
characteristic of the discipline.

5.8 Principle 7 — Engineering Knowledge Emerges Through Time
Engineering rarely relies upon isolated observations.
Understanding develops through continuity.

The Electromagnetic State evolves continuously.
Consequently,

its characterization also evolves.

Engineering therefore studies

change,

stability,

persistence,

drift,

cyclic behaviour,

and long-term evolution.

Time is therefore not merely another observation dimension.
It is an essential component of engineering understanding.

Electromagnetic Observability is inherently a temporal discipline.

5.9 Principle 8 — Standardization Enables Engineering
Engineering cannot mature without common terminology.

Nor can it mature without standardized methodologies.
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Standardization enables

repeatability,

comparison,

interoperability,

and objective communication.

The purpose of EOF is therefore not merely to define engineering concepts.

Its purpose is to establish a common engineering language through which organizations may
consistently observe,

characterize,

assess,

and communicate the Electromagnetic State of physical environments.
Without standardization,

Electromagnetic Observability would remain a collection of techniques.
With standardization,

it becomes an engineering discipline.

5.10 Engineering Principles in Practice
Collectively,

the principles established in this chapter define the operational philosophy of Electromagnetic
Observability.

Every subsequent volume of this Engineering Standard builds upon these principles.

The Observation Model applies them to the acquisition of evidence.

The Assessment Model applies them to the characterization of Electromagnetic Condition.
The Electromagnetic Observability Index applies them to engineering communication.
The Reference Architecture applies them to system implementation.

Regardless of implementation,

the principles themselves remain unchanged.

They represent the enduring foundation of the discipline.
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5.11 Looking Ahead

The preceding chapters have progressively established
e why Electromagnetic Observability is needed,
e how engineering disciplines evolve,
o what the Electromagnetic State represents,
e and the principles governing its observation.
The next chapter begins transitioning from engineering philosophy to engineering methodology.

It establishes the conceptual architecture of the Electromagnetic Observability Framework and
introduces the relationship between Electromagnetic State, Observation, Condition, Assessment,
and the Electromagnetic Observability Index (EOI) as an integrated engineering process.

Electromagnetic Observability Framework (EOF)

Volume I — Foundation

Chapter 6

Conceptual Architecture of the Electromagnetic
Observability Framework

Engineering Statement

Engineering disciplines are distinguished not only by the physical phenomena they study, but also by
the conceptual models through which those phenomena are understood.

A conceptual architecture provides the intellectual structure of a discipline.

It identifies the principal engineering constructs, defines the relationships between them, and
establishes the logical progression from observation to engineering understanding.

The Electromagnetic Observability Framework is founded upon such a conceptual architecture.

This chapter formally defines that architecture.

6.1 Introduction
The preceding chapters introduced three fundamental ideas.

First,
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every physical space possesses an Electromagnetic State.

Second,

this state can be systematically observed.

Third,

engineering may characterize these observations to understand the condition of the environment.
Although these concepts have been introduced individually,

their true engineering value emerges only when viewed as components of a single engineering
process.

The purpose of this chapter is therefore to define the conceptual architecture that unifies all
subsequent volumes of the framework.

6.2 Engineering Begins with Physical Reality

Every engineering discipline begins with physical reality rather than measurement.

A bridge exists before engineers analyze its structural integrity.

The atmosphere exists before meteorologists measure weather.

The electrical grid exists before voltages are monitored.

Likewise,

the Electromagnetic State of a physical space exists before any observation takes place.
This distinction establishes an important engineering principle.

The objective of Electromagnetic Observability is not to create knowledge.

Its objective is to reveal knowledge already present within the physical environment.

Observation therefore becomes an act of discovery rather than generation.

6.3 The Three-Layer Architecture

The Electromagnetic Observability Framework is organized into three conceptual layers.
Each layer addresses a distinct engineering responsibility.

Layer 1 — Physical Layer

The Physical Layer represents objective reality.

It consists of physical spaces and their continuously evolving Electromagnetic States.
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No engineering interpretation occurs within this layer.
The framework assumes that the Electromagnetic State exists independently of observation.

This layer therefore represents what exists.

Layer 2 — Engineering Layer

The Engineering Layer transforms physical reality into engineering knowledge.
This transformation occurs through four sequential activities.

Observation

Systematic acquisition of electromagnetic evidence.

!

Behaviour

Recognition of meaningful patterns emerging from observations.

!

Condition

Engineering characterization of the observed Electromagnetic State.

!

Assessment

Evaluation of the Electromagnetic Condition within its operational context.
The Engineering Layer therefore answers the question,

""What does the Electromagnetic State mean?"

Layer 3 — Communication Layer

Engineering knowledge has limited value unless it can be communicated consistently.
The Communication Layer standardizes this communication.

Its primary engineering construct is the

Electromagnetic Observability Index (EOI).

The EOI does not replace engineering understanding.

Rather,
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it provides a standardized representation through which engineers communicate the assessed
Electromagnetic Condition.

Reports,

dashboards,

alerts,

analytics,

and operational intelligence

all originate from this layer.

6.4 Relationships Between the Layers

The relationship between the three layers is strictly hierarchical.
The Physical Layer exists independently.

The Engineering Layer interprets the Physical Layer.

The Communication Layer communicates the Engineering Layer.
This hierarchy prevents an important engineering error.
Engineering should never confuse

measurements,

interpretations,

and communication.

These represent fundamentally different engineering activities.
The framework therefore preserves a clear separation between reality,
engineering understanding,

and engineering communication.

6.5 Traceability

One of the defining characteristics of mature engineering disciplines is traceability.
Every engineering conclusion should be traceable back to objective evidence.

Within EOF,
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every reported Electromagnetic Observability Index shall ultimately be traceable through
Engineering Assessment,

Electromagnetic Condition,

Electromagnetic Behaviour,

Electromagnetic Observations,

to the underlying Electromagnetic State of the physical space.

Although the state itself cannot be directly observed,

every engineering conclusion shall remain explainable through observable evidence.

This principle establishes transparency throughout the framework.

6.6 Why This Architecture Matters

Without a conceptual architecture,

engineering rapidly becomes implementation-centric.
Discussions begin focusing upon

Bluetooth,

Wi-Fi,

RF scanners,

software platforms,

cloud services,

or machine learning algorithms.

These technologies are important,

but they are not the discipline.

The discipline is the relationship between
physical reality,

engineering interpretation,

and standardized communication.

Technologies merely implement that relationship.

Consequently,
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the conceptual architecture defined by EOF shall remain valid irrespective of future technological
evolution.

6.7 Engineering Definition
For the purposes of this Engineering Standard,
the following definition is established.

The Electromagnetic Observability Framework is a technology-neutral engineering framework
that defines the principles, models, and standardized methodologies required to observe,
characterize, assess, and communicate the Electromagnetic State of physical spaces.

This definition establishes the scope of the framework and distinguishes it from technology-specific
implementations.

6.8 Looking Ahead

The conceptual architecture presented in this chapter completes the intellectual foundation of Volume
L

The subsequent volumes build directly upon this architecture.
Volume II defines the Observation Model.

Volume III defines the Assessment Model and introduces the Electromagnetic Observability Index
(EOD).

Volume IV extends the framework into Electromagnetic Security.
Volume V establishes operational interpretation.

Volume VI defines the reference architecture for implementation.
Together,

these volumes form a coherent engineering discipline grounded in the principles established
throughout Volume L.
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Electromagnetic Observability Framework (EOF)
Version 1.0 — Engineering Standard
Volume II

Electromagnetic Observation Model

Chapter 1

Engineering Observation in Electromagnetic
Observability

Engineering Statement
Observation is the foundation of every engineering discipline.

No engineering assessment, prediction, or decision can exist without reliable observations of the
physical phenomenon being studied.

Within the Electromagnetic Observability Framework, observation is defined as the systematic
acquisition of engineering evidence describing the Electromagnetic State of a physical space.

This chapter establishes the principles governing engineering observation and distinguishes
Electromagnetic Observation from conventional data acquisition and wireless monitoring.

1.1 Introduction

Every engineering discipline begins with observation.

Before engineers can characterize a phenomenon, they must first observe it.

Before they can assess its behaviour, they must acquire evidence describing its existence.

Observation therefore represents the first engineering interaction between the physical world and
engineering knowledge.

The quality of every engineering conclusion is fundamentally constrained by the quality of the
observations upon which it is based.

The Electromagnetic Observability Framework adopts this same philosophy.

It recognizes that every physical space possesses an Electromagnetic State, but that state cannot be
understood directly.

Instead, it must be inferred through systematic observation of electromagnetic phenomena occurring
within the environment.
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Observation therefore serves as the bridge between physical reality and engineering understanding.

1.2 Observation Is Not Measurement

Engineering literature frequently uses the terms observation and measurement interchangeably.
Within EOF, these terms have distinct meanings.

A measurement is the determination of the value of a specific physical quantity.
For example,

e received signal strength,

e operating frequency,

e transmission duration,

e channel occupancy,

e bandwidth,

are all measurements.

An observation is broader.

An observation represents an engineering record describing one or more measured characteristics
together with their engineering context.

A single observation may contain:
e measured electromagnetic quantities,
e temporal information,
e spatial information,
e source characteristics,
e observation confidence,
e acquisition conditions,

observation metadata.

Consequently,
measurements become components of observations.
Observations become engineering evidence.

This distinction enables EOF to treat observations as complete engineering entities rather than isolated
numerical values.
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1.3 The Purpose of Electromagnetic Observation

The purpose of observation is often misunderstood.

The objective is not to detect every electromagnetic event occurring within a physical space.
Nor is the objective to catalogue every wireless device.

Similarly,

the objective is not to maximize the quantity of collected data.

The purpose of engineering observation is much simpler.

To acquire sufficient engineering evidence to characterize the Electromagnetic State of the
physical environment.

This definition has important consequences.
Observation completeness is less important than observation relevance.

A smaller number of high-quality observations may provide greater engineering value than an
extremely large quantity of unrelated measurements.

Engineering therefore values meaningful evidence rather than raw data volume.

1.4 Observation Is Technology Independent
The Electromagnetic State exists independently of the technologies used to observe it.
Consequently,
engineering observation must remain independent of specific sensing mechanisms.
An implementation of EOF may employ:

e Bluetooth Low Energy (BLE),

e  Wi-Fi,

e Cellular communications,

e Ultra-Wideband (UWB),

e LoRa,

e Zigbee,

e Software Defined Radio (SDR),

e passive RF sensing,
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e spectrum analyzers,
o future electromagnetic sensing technologies.

These technologies differ significantly in implementation, capabilities, precision, and operational
objectives.

However,
they all contribute engineering evidence describing the same Electromagnetic State.

EOF therefore standardizes the observation process rather than the observation technology.

1.5 Observations Are Evidence of State

An important philosophical distinction exists between the Electromagnetic State and the observations
describing it.

The Electromagnetic State cannot be directly measured.

Instead,

engineers observe phenomena influenced by that state.

Consider standing inside a modern data centre.

Numerous electromagnetic phenomena may be observed.
Wireless infrastructure communicates continuously.

Bluetooth devices periodically transmit.

Industrial controllers exchange information.

Mobile devices appear and disappear.

Maintenance equipment introduces temporary activity.
Environmental systems generate additional electromagnetic emissions.
Each observation represents evidence.

None individually describes the complete Electromagnetic State.

Engineering understanding emerges only through the interpretation of many observations collected
over space and time.

Observation therefore provides evidence rather than conclusions.

1.6 Characteristics of Engineering Observations

Version 1.0 — Foundational Edition
Page



Electromagnetic Observability Framework
Version 1.0 — Foundational Edition

Engineering observations should exhibit several fundamental characteristics.
Repeatability

Equivalent observation methodologies should produce comparable engineering evidence when
applied under similar environmental conditions.

Traceability

Every engineering observation shall remain traceable to its acquisition source, observation time, and
observation methodology.

Integrity
Observations shall preserve their engineering meaning throughout processing and analysis.
Context

Observations shall include sufficient contextual information to support meaningful engineering
interpretation.

Independence
Individual observations shall remain independent of assessment algorithms.

Observation records should describe what was observed rather than what engineers believe it
represents.

Collectively,

these characteristics ensure that observations remain reliable engineering evidence.

1.7 Observation Does Not Imply Interpretation

One of the most important distinctions introduced by EOF is the separation between observation and
interpretation.

Suppose an engineer observes an increase in Bluetooth activity.
The observation itself is objective.

However,

the meaning of that observation depends entirely upon context.
Within an airport,

the increase may be entirely expected.

Within a secured data centre,

the same observation may warrant further engineering assessment.
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The observation remains identical.

The interpretation differs.

EOF therefore deliberately separates observation from assessment.
Observations describe reality.

Assessment assigns engineering meaning.

This separation preserves objectivity throughout the engineering process.

1.8 Observation Across Space and Time

Electromagnetic observations possess both spatial and temporal dimensions.

Spatially,

observations describe electromagnetic behaviour within particular physical environments.
Temporally,

observations describe how the Electromagnetic State evolves over time.

Neither dimension is independently sufficient.

A single observation represents only a snapshot.

A sequence of observations reveals behaviour.

Long-term observation reveals stability, persistence, evolution, and emerging patterns.

Engineering understanding therefore develops progressively through continuous observation rather
than isolated measurements.

1.9 Observation as the Foundation of EOF

Every subsequent process within the Electromagnetic Observability Framework depends upon the
integrity of engineering observations.

The Observation Model provides evidence.

The Assessment Model characterizes that evidence.

The Electromagnetic Observability Index communicates the assessment.

Operational models derive engineering intelligence.

Consequently,

errors introduced during observation propagate throughout the remainder of the framework.
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Engineering observation therefore represents the most fundamental operational activity performed
within EOF.

Without trustworthy observations,

no trustworthy engineering assessment can exist.

1.10 Engineering Definition
For the purposes of this Engineering Standard,
the following definition is established.

Electromagnetic Observation is the systematic acquisition and recording of engineering evidence
describing observable electromagnetic phenomena associated with the Electromagnetic State of a
physical space.

An Electromagnetic Observation represents engineering evidence.

It is not itself an engineering assessment, interpretation, or conclusion.

1.11 Looking Ahead

This chapter has established the engineering philosophy governing observation.

It distinguishes engineering observations from individual measurements and positions observations as
the primary source of engineering evidence within EOF.

The next chapter extends this philosophy by defining the Observation Model, describing how
engineering observations are structured, organized, and related to one another before they undergo
engineering characterization and assessment.

Electromagnetic Observability Framework (EOF)

Volume II — Electromagnetic Observation Model

Chapter 2

The Electromagnetic Observation Model

Engineering Statement

Engineering disciplines do not rely upon isolated observations.
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Instead, they establish observation models that define how evidence is acquired, structured, organized,
and prepared for engineering interpretation.

The purpose of an observation model is to transform individual observations into a consistent body of
engineering evidence.

The Electromagnetic Observation Model provides this foundation for the Electromagnetic
Observability Framework.

It establishes the engineering structure through which observations become suitable for
characterization, assessment, and communication.

2.1 Introduction

An individual observation rarely possesses sufficient engineering significance when considered
independently.

An isolated observation may indicate that electromagnetic activity occurred.
It cannot explain how the electromagnetic environment behaves.

Engineering understanding develops only when numerous observations are organized into a coherent
representation of the physical environment.

The Observation Model therefore defines not only what is observed, but also how observations
relate to one another.

It establishes a systematic engineering methodology through which observations collected across
different locations, technologies, and periods become comparable engineering evidence.

2.2 Why an Observation Model is Necessary

Without an observation model, electromagnetic observations become isolated technical records.
One observation may describe a Bluetooth advertisement.

Another may describe Wi-Fi channel utilization.

Another may record spectrum occupancy.

Although each observation may be technically correct, no engineering relationship exists between
them.

Consequently, engineers cannot easily characterize the Electromagnetic State of the environment.
The Observation Model solves this problem.

It provides a common engineering structure that enables observations from different technologies to
contribute toward the same engineering objective.
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This distinction is fundamental.
EOF does not standardize wireless technologies.

It standardizes how engineering understands the evidence produced by those technologies.

2.3 Engineering Objectives of the Observation Model
The Observation Model has five primary engineering objectives.
Objective 1 — Consistency

Observations collected using different technologies shall be represented using a common engineering
structure.

Consistency enables observations to be interpreted without knowledge of the underlying sensing
technology.

Objective 2 — Completeness

Each observation shall contain sufficient engineering information to support subsequent
characterization.

The model does not require exhaustive data collection.

It requires sufficient engineering evidence.

Objective 3 — Traceability
Every observation shall remain traceable throughout its lifecycle.
Engineers shall always be capable of determining:

e where the observation originated,

e when it was acquired,

e how it was acquired,

e and under what operational conditions it was recorded.

Objective 4 — Extensibility
The Observation Model shall remain independent of specific observation technologies.

Future sensing mechanisms shall integrate without requiring modification to the engineering model.
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Objective 5 — Repeatability

Equivalent observation methodologies applied under comparable conditions should produce
comparable engineering evidence.

Repeatability is essential for engineering confidence and long-term analysis.

2.4 Engineering Structure of an Observation

Within EOF, every Electromagnetic Observation is regarded as an engineering entity composed of
several logical components.

These components collectively describe the engineering evidence.
The Observation Model defines the following conceptual structure.

Electromagnetic Observation

= — Observation Context
= — Observation Source
= — Observation Measurements
= — Observation Metadata
= — Observation Quality

L— Observation Confidence
This structure is conceptual rather than implementation-specific.

Individual implementations may represent these components using different data structures while
preserving their engineering meaning.

2.5 Observation Context

Engineering observations possess meaning only within context.
Observation Context describes the environment in which the observation was acquired.
Examples include:

1. physical location,
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2. observation time,

3. operational period,

4. environmental conditions,

5. deployment characteristics.

The framework deliberately avoids prescribing mandatory contextual attributes.

Instead,

it requires that sufficient context be preserved to enable meaningful engineering interpretation.

Context transforms measurements into engineering evidence.

2.6 Observation Source
Every observation originates from one or more observation mechanisms.
Examples include:
1. passive electromagnetic sensing,
2. wireless infrastructure,
3. dedicated observation devices,
4. spectrum monitoring systems,
5. future electromagnetic sensing technologies.
The Observation Model treats these mechanisms simply as sources of engineering evidence.
Their internal operation remains outside the scope of EOF.

This separation preserves technology neutrality.

2.7 Observation Measurements
Measurements represent the quantitative component of an observation.
Examples include:

1. signal strength,

2. operating frequency,

3. occupied bandwidth,

4. transmission duration,
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5. temporal occurrence,
6. channel utilization,
7. detected technology type.
The Observation Model does not define mandatory measurements.
Instead,
it defines the engineering role of measurements.
Measurements describe observable electromagnetic phenomena.

They do not directly describe the Electromagnetic Condition.

2.8 Observation Metadata

Engineering observations require descriptive information beyond measured values.
Metadata enables observations to be interpreted correctly throughout their lifecycle.
Examples include:

1. observation identifier,

2. acquisition timestamp,

3. observation duration,

4. acquisition methodology,

5. observation version,

6. processing history.
Metadata supports traceability and reproducibility.

It does not contribute directly to engineering assessment.

2.9 Observation Quality
Not all observations possess equivalent engineering quality.
Factors influencing quality may include:

1. environmental conditions,

2. sensing limitations,

3. temporal resolution,
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Observation Quality describes the suitability of an observation for engineering use.

4. spatial resolution,
5. observation completeness,
6. interference,

7. acquisition reliability.

It is distinct from engineering assessment.

Quality evaluates the observation.

Assessment evaluates the environment.

2.10 Observation Confidence

Engineering decisions require confidence in the evidence upon which they are based.

Observation Confidence represents the engineering confidence associated with an observation.

Confidence may be influenced by:

1. observation consistency,
2. source reliability,

3. completeness,

4. environmental stability,
5. repeatability.
Importantly,

confidence is attached to the observation itself.

It is not yet associated with the Electromagnetic Condition.

Assessment confidence will be introduced later in Volume I11.

2.11 Observation Lifecycle

Every observation progresses through an engineering lifecycle.

Electromagnetic

Observation
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Validation

Normalization

Engineering Evidence

Characterization

Each stage serves a distinct engineering purpose.

Observation

The acquisition of evidence from the physical environment.
Validation

Verification that the observation satisfies engineering quality requirements.
Normalization

Transformation into a technology-neutral engineering representation.
Engineering Evidence

A validated observation suitable for engineering analysis.
Characterization

The point at which engineering begins interpreting the evidence to understand the Electromagnetic
Condition.

This lifecycle separates observation from assessment while preserving traceability.

2.12 Engineering Definition
For the purposes of this Engineering Standard,
the following definition is established.

The Electromagnetic Observation Model is the technology-neutral engineering model that
defines the structure, organization, lifecycle, and quality requirements of Electromagnetic
Observations within the Electromagnetic Observability Framework.
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The Observation Model standardizes engineering evidence.

It does not standardize sensing technologies.

2.13 Looking Ahead

This chapter has defined how engineering organizes observations into a consistent and technology-
independent model.

However, observations remain only engineering evidence.

Before they can contribute to understanding the Electromagnetic State, engineers must determine
which characteristics of those observations are meaningful.

The next chapter therefore introduces Electromagnetic Observation Features.

It defines the engineering characteristics extracted from observations that collectively describe
electromagnetic behaviour and ultimately enable characterization of the Electromagnetic Condition.

Electromagnetic Observability Framework (EOF)
Version 1.0 Engineering Standard
Volume II

Electromagnetic Observation Model

Chapter 3

Engineering Observation Features

Engineering Statement
Observation alone does not produce engineering understanding.

The engineering value of an observation lies in the characteristics that can be consistently extracted,
described, and compared.

These characteristics are referred to within the Electromagnetic Observability Framework as
Engineering Observation Features.

Engineering Observation Features provide a technology-neutral representation of observable
electromagnetic behaviour and establish the foundation upon which engineering characterization and
assessment are performed.
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3.1 Introduction

Every engineering discipline identifies a set of observable characteristics that best describe the
phenomenon under investigation.

Structural engineering observes stress, strain, displacement, and vibration.
Meteorology observes pressure, humidity, wind velocity, and temperature.

Environmental engineering observes pollutant concentration, particulate matter, and atmospheric
composition.

These observable characteristics become the engineering features through which engineers understand
complex systems.

Electromagnetic Observability follows the same philosophy.

Rather than analysing individual radio transmissions independently, EOF identifies the engineering
characteristics that collectively describe the behaviour of the Electromagnetic State.

These characteristics become the common engineering language through which observations acquired
from different technologies may be interpreted consistently.

3.2 What is an Engineering Observation Feature?

An Engineering Observation Feature is a characteristic derived directly from one or more
Electromagnetic Observations that describes an aspect of the observed Electromagnetic State.

Unlike measurements, which represent individual quantified values, Engineering Observation
Features represent meaningful engineering characteristics.

For example,

a received signal strength measurement is a measurement.

The variation of received signal strength over time is an engineering feature.

Similarly,

a detected transmission is an observation.

The persistence of that transmission across repeated observations becomes an engineering feature.

Engineering Observation Features therefore bridge the gap between raw observations and engineering
interpretation.

3.3 Engineering Principles of Feature Extraction
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The extraction of engineering features shall comply with the following principles.
Principle 1 — Technology Neutrality

Engineering features shall represent characteristics of the FElectromagnetic State rather than
characteristics of individual communication technologies.

For example,

"Signal Persistence" is independent of whether the observation originated from BLE, Wi-Fi, or
another protocol.

Principle 2 — Repeatability

Equivalent observations acquired under equivalent environmental conditions shall produce
comparable engineering features.

This ensures consistency between independent implementations of EOF.

Principle 3 — Traceability
Every extracted feature shall remain traceable to the observations from which it was derived.

Engineering conclusions must always be explainable through underlying evidence.

Principle 4 — Independence
Engineering features shall describe observable behaviour.
They shall not represent engineering judgments or assessment outcomes.

Assessment belongs to Volume II1.

3.4 Categories of Engineering Observation Features
EOF organizes Engineering Observation Features into six conceptual categories.

These categories do not prescribe implementation but establish a common engineering taxonomy.

Temporal Features
Temporal Features describe how electromagnetic observations evolve through time.

Examples include:
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6.

Observation duration
Appearance frequency
Persistence
Recurrence
Periodicity

Temporal density

Temporal Features enable engineering understanding of dynamic electromagnetic behaviour.

Spatial Features

Spatial Features describe how electromagnetic observations relate to physical space.

Examples include:

1.

2.

3.

4,

5.

Observation location

Coverage distribution
Spatial concentration

Spatial continuity

Geographic persistence

Spatial Features characterize how the Electromagnetic State varies throughout an environment.

Spectral Features

Spectral Features describe frequency-related characteristics.

Examples include:

1.

2.

3.

4,

5.

Frequency occupancy
Channel utilization
Spectrum distribution
Spectral diversity

Band concentration

These features describe how electromagnetic activity is distributed across the observable spectrum.
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Behavioural Features

Behavioural Features describe patterns emerging from repeated observations.

Examples include:

1.

2.

3.

4,

5.

Activity persistence
Behaviour stability
Behaviour variability
Behaviour continuity

Behaviour recurrence

These features begin revealing the behavioural characteristics of the Electromagnetic State.

Environmental Features

Environmental Features describe characteristics of the electromagnetic environment as a whole.

Examples include:

1. Electromagnetic density

2. Environmental activity level

3. Environmental complexity

4. Environmental consistency

5. Observation richness

These features represent collective properties of the observed environment rather than individual
emitters.

Quality Features

Quality Features describe the reliability of the engineering evidence itself.

Examples include:

1.

2.

Observation completeness
Observation quality
Observation confidence
Observation integrity

Observation consistency
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These features characterize the evidence rather than the environment.

3.5 Features are Descriptive, Not Evaluative
One of the fundamental principles of EOF is the separation between description and evaluation.
Engineering Observation Features describe what has been observed.

They do not determine whether the observed behaviour is desirable, undesirable, healthy, or
anomalous.

For example,
Signal Persistence is a descriptive feature.

Whether persistent signals indicate expected behaviour or a potential concern depends upon
engineering assessment.

Similarly,
Environmental Complexity describes the richness of observed electromagnetic activity.
It does not imply that the environment is operating correctly or incorrectly.

This separation ensures that engineering evidence remains objective before assessment.

3.6 Relationships Between Features

Engineering Observation Features rarely exist in isolation.

Instead, they interact to describe different aspects of the Electromagnetic State.
For example,

high Observation Density combined with low Behaviour Variability may indicate a stable
environment.

High Behaviour Variability together with increasing Spatial Diversity may indicate significant
operational changes.

EOF does not prescribe how these relationships should be interpreted.
Interpretation is the responsibility of the Assessment Model.

The Observation Model simply defines the engineering vocabulary.

3.7 Observation Features as Engineering Vocabulary
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The Engineering Observation Features introduced in this chapter should be viewed as the vocabulary
through which Electromagnetic Behaviour is described.

Just as natural language relies upon words before forming sentences,
engineering relies upon features before forming assessments.

Without a common feature vocabulary,

engineering assessments become inconsistent and difficult to compare.

The Observation Model therefore establishes Engineering Observation Features as standardized
descriptors of observable electromagnetic behaviour.

3.8 Relationship to Future Assessment

Engineering Observation Features represent the final engineering products produced by the
Observation Model.

The Assessment Model does not operate directly upon raw observations.

Instead,

it operates upon Engineering Observation Features.

This separation provides two important advantages.

First,

observation technologies may evolve without affecting engineering assessment.

Second,

assessment methodologies may evolve while preserving compatibility with the Observation Model.

The separation between observation and assessment therefore contributes significantly to the long-
term stability of EOF.

3.9 Engineering Definition
For the purposes of this Engineering Standard,
the following definition is established.

Engineering Observation Feature is a technology-neutral engineering characteristic extracted from
one or more Electromagnetic Observations that describes an observable aspect of the Electromagnetic
State without assigning engineering interpretation or assessment.
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3.10 Looking Ahead

This chapter has introduced the engineering characteristics used to describe observed electromagnetic
behaviour.

However,

the mere existence of features does not guarantee that the resulting engineering evidence is suitable
for assessment.

The next chapter therefore introduces Observation Quality and Engineering Confidence.

It establishes the principles through which engineers evaluate the completeness, reliability,
consistency, and trustworthiness of engineering evidence before it contributes to the characterization
of the Electromagnetic Condition.

Electromagnetic Observability Framework (EOF)
Version 1.0 Engineering Standard
Volume II

Electromagnetic Observation Model

Chapter 4

Observation Quality and Engineering Confidence

Engineering Statement
Engineering decisions are only as reliable as the evidence upon which they are based.

Before electromagnetic observations can contribute to engineering characterization or assessment,
their quality and confidence shall be evaluated to determine whether the available evidence is
sufficient to represent the Electromagnetic State of the physical space.

Observation Quality evaluates the suitability of engineering evidence.

Engineering Confidence expresses the degree to which that evidence may be relied upon for
engineering purposes.

These concepts establish the foundation of trustworthy Electromagnetic Observability.
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4.1 Introduction

Engineering has always recognized that observations vary in quality.

A measurement obtained from a calibrated instrument under controlled conditions provides greater
engineering confidence than a measurement acquired under uncertain or degraded conditions.

This principle applies equally to Electromagnetic Observability.
Not every observation contributes equally to engineering understanding.
Some observations may be incomplete.

Others may be affected by environmental limitations, sensing constraints, temporary interference, or
operational variability.

The purpose of this chapter is not to eliminate uncertainty.
Rather, it is to ensure that uncertainty itself becomes an observable engineering characteristic.

Within EOF, engineers shall evaluate not only what has been observed, but also sow well it has been
observed.

4.2 Observation Quality

Observation Quality represents the engineering suitability of an observation for subsequent
characterization and assessment.

It answers the engineering question:

"Is this observation suitable for engineering use?"

Observation Quality is concerned exclusively with the engineering evidence.
It does not evaluate the Electromagnetic State itself.

An environment may exhibit perfectly normal electromagnetic behaviour while producing poor-
quality observations because of limited sensing capability.

Likewise, a highly dynamic electromagnetic environment may still produce excellent-quality
observations when appropriate observation methods are employed.

Observation Quality therefore evaluates the evidence, not the environment.

4.3 Dimensions of Observation Quality

Observation Quality is determined through several complementary engineering dimensions.
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Each dimension contributes to the overall suitability of engineering evidence.
Completeness

Completeness describes whether sufficient engineering evidence has been collected to represent the
observed electromagnetic behaviour.

An observation need not capture every electromagnetic event.

However, it should provide adequate evidence for the intended engineering purpose.

Consistency
Consistency describes the stability of observations acquired under equivalent operational conditions.

Large unexplained differences between comparable observations reduce engineering confidence and
require further investigation.

Integrity

Integrity describes the extent to which observations preserve their original engineering meaning
throughout acquisition, storage, processing, and analysis.

Engineering evidence shall remain protected from unintended alteration.

Continuity
Electromagnetic behaviour evolves through time.

Observation continuity evaluates whether sufficient temporal coverage exists to characterize that
evolution.

Engineering understanding cannot be established from isolated snapshots alone.

Representativeness
Engineering observations should reasonably represent the physical environment being observed.

Evidence collected from only a small portion of a large facility, for example, may not adequately
represent the Electromagnetic State of the entire environment.

Representativeness therefore considers whether the available observations are appropriate for the
engineering scope under consideration.

4.4 Observation Quality is Context Dependent
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Observation Quality cannot be evaluated independently of engineering objectives.

An observation sufficient for long-term environmental trending may be insufficient for detailed
operational analysis.

Similarly, an observation adequate for occupancy estimation may be inadequate for infrastructure
characterization.

Engineering Quality shall therefore always be evaluated relative to the intended engineering purpose.
EOF deliberately avoids defining universal quality thresholds.

Instead, it establishes the engineering principles through which quality should be interpreted.

4.5 Engineering Confidence

Observation Quality determines whether evidence is suitable.

Engineering Confidence expresses the degree of trust engineers may place in that evidence.
Confidence does not imply certainty.

Rather, it communicates the reliability of engineering conclusions that may be drawn from available
observations.

Engineering Confidence therefore becomes an explicit engineering property associated with every
body of engineering evidence.

This principle represents an important characteristic of EOF.

Engineering uncertainty is communicated rather than concealed.

4.6 Sources of Confidence

Engineering Confidence may be influenced by numerous factors, including:

1. Observation completeness.
2. Observation consistency.
3. Sensor reliability.

4, Temporal continuity.

5. Spatial coverage.

6. Observation repeatability.
7. Environmental stability.

8. Evidence traceability.
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These factors collectively contribute to confidence.
No individual factor independently determines engineering trustworthiness.

EOF therefore treats confidence as a holistic engineering characteristic rather than a single calculated
value.

4.7 Observation Quality versus Engineering Confidence

Although closely related, Observation Quality and Engineering Confidence represent different
engineering concepts.

Observation Quality evaluates the engineering suitability of evidence.
Engineering Confidence expresses the degree to which that evidence may be relied upon.

For example, a highly complete observation acquired using an experimental sensing technology may
possess excellent quality but only moderate engineering confidence until the observation methodology
has been validated.

Conversely, observations acquired through mature observation systems may achieve high confidence
even when environmental conditions introduce moderate variability.

The distinction allows EOF to describe evidence more precisely.

4.8 Engineering Confidence is Not Assessment Confidence
A second distinction is equally important.

Observation Confidence should never be confused with Assessment Confidence.
Observation Confidence relates only to the engineering evidence.

Assessment Confidence, introduced in Volume III, relates to the reliability of engineering
characterization and assessment derived from that evidence.

The two concepts are related but not identical.
Strong observations contribute to strong assessments.

However, engineering assessment also depends upon characterization methodology, contextual
interpretation, and assessment models beyond the scope of the Observation Model.

4.9 Engineering Quality Lifecycle

Observation Quality should be maintained throughout the entire observation lifecycle.
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Electromagnetic State

Observation

Validation

Quality Evaluation

Confidence Assignment

Engineering Evidence

Assessment

Each stage strengthens engineering trust.

Validation confirms that observations satisfy engineering requirements.
Quality Evaluation determines suitability.

Confidence Assignment communicates engineering reliability.

Only then does the observation become trustworthy engineering evidence.

4.10 Engineering Principles

The following engineering principles govern Observation Quality and Engineering Confidence within
EOF.

Principle 1
Observation Quality shall evaluate engineering evidence rather than the Electromagnetic State.
Principle 2

Engineering Confidence shall communicate reliability rather than certainty.
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Principle 3

Quality evaluation shall remain independent of engineering assessment.

Principle 4

Observation Quality shall remain traceable throughout the observation lifecycle.
Principle 5

Engineering uncertainty shall be explicitly represented rather than implicitly assumed.

These principles ensure transparency throughout the engineering process.

4.11 Engineering Definition
For the purposes of this Engineering Standard, the following definitions are established.

Observation Quality is the engineering evaluation of the suitability, completeness, consistency,
integrity, continuity, and representativeness of engineering observations.

Engineering Confidence is the engineering expression of the degree of trust that may reasonably be
placed in the engineering evidence derived from Electromagnetic Observations.

These definitions apply exclusively to the Observation Model.

They shall not be interpreted as engineering assessments of the Electromagnetic State.

4.12 Looking Ahead

The preceding chapters have established how engineering observations are acquired, organized,
described, and evaluated.

The next chapter completes the Observation Model by introducing technology-neutral observation
architecture.

Rather than describing specific hardware platforms, it defines the logical components and engineering
responsibilities required to transform physical electromagnetic phenomena into structured engineering
evidence.

This architecture forms the interface between the Observation Model and the Assessment Model
introduced in Volume III.

Version 1.0 — Foundational Edition
Page



Electromagnetic Observability Framework
Version 1.0 — Foundational Edition

Electromagnetic Observability Framework (EOF)
Version 1.0 Engineering Standard
Volume II

Electromagnetic Observation Model

Chapter 5

From Engineering Evidence to Electromagnetic
Assessment

Engineering Statement
Observation is not the objective of the Electromagnetic Observability Framework.
Observation exists to support engineering understanding.

The Observation Model concludes when engineering evidence has been acquired, validated,
normalized, and prepared for characterization.

Engineering assessment begins only after trustworthy engineering evidence has been established.

This chapter defines the engineering transition between observation and assessment and establishes
the interface between Volume II and Volume III of the Electromagnetic Observability Framework.

5.1 Introduction

Throughout this volume, the Electromagnetic Observation Model has been developed as a systematic
engineering process for acquiring evidence describing the Electromagnetic State of physical spaces.

The Observation Model deliberately avoids assigning engineering meaning to that evidence.

Instead, it focuses upon ensuring that observations remain objective, repeatable, technology-neutral,
and suitable for engineering use.

At this point within the framework, engineers possess trustworthy engineering evidence.
However, they do not yet possess engineering understanding.
Engineering understanding begins only when evidence is interpreted through structured assessment.

This distinction separates engineering observation from engineering reasoning.
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5.2 The Completion of the Observation Process

An observation process should be considered complete only when engineering evidence satisfies the
following conditions.

The observations have been systematically acquired.

The evidence has been validated.

Observation Quality has been evaluated.

Engineering Confidence has been established.

Engineering Observation Features have been extracted.

The resulting evidence is traceable, repeatable, and technology-neutral.

Only after these conditions have been satisfied should the evidence progress to engineering
assessment.

This completion criterion ensures consistency across all implementations of EOF.

5.3 Engineering Evidence as the Interface

The Electromagnetic Observability Framework deliberately establishes Engineering Evidence as the
formal interface between observation and assessment.

This interface performs an important engineering function.
Observation technologies may evolve.

Observation methodologies may improve.

New sensing mechanisms may emerge.

However, provided they continue producing Engineering Evidence that conforms to the Observation
Model, the Assessment Model remains unchanged.

Engineering Evidence therefore serves as the contractual interface between the two volumes.

This separation enables the framework to evolve without compromising engineering consistency.

5.4 The Engineering Transition

The transition between observation and assessment represents a change in engineering responsibility.
The Observation Model answers the question:

""What has been observed?"

The Assessment Model answers a different question:
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""What does the observed evidence tell us about the Electromagnetic State of the physical
space?"

This distinction is subtle but essential.
Observation describes.

Assessment interprets.

Observation remains objective.

Assessment introduces engineering reasoning.

The transition therefore marks the point at which engineering evidence becomes engineering
understanding.

5.5 Separation of Responsibilities

To preserve engineering integrity, the responsibilities of the Observation Model and the Assessment
Model shall remain clearly separated.

The Observation Model shall:

1. acquire observations,

2. organize observations,

3. validate engineering evidence,
4. extract engineering features,

5. evaluate Observation Quality,
6. assign Observation Confidence,
7. preserve traceability.

The Observation Model shall not:

1. characterize the Electromagnetic Condition,

2. determine engineering significance,

3. calculate the Electromagnetic Observability Index,
4, assign operational meaning,

5. classify environmental behaviour.

These responsibilities belong exclusively to the Assessment Model.

This separation prevents implementation bias and ensures that observation technologies remain
independent of engineering interpretation.
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5.6 The Engineering Evidence Package

For the purposes of EOF, the output of the Observation Model may be regarded conceptually as an
Engineering Evidence Package.

The Engineering Evidence Package represents the complete body of validated engineering evidence
prepared for assessment.

Conceptually, it consists of:

Engineering Evidence Package

|— Electromagnetic Observations
— Engineering Observation Features
— Observation Context

F— Observation Metadata

— Observation Quality

— Engineering Confidence

— Traceability Information
The Engineering Evidence Package is a conceptual construct.

Implementations may represent it using different data models while preserving its engineering
content.

5.7 Characteristics of Assessment-Ready Evidence

Engineering Evidence shall possess the following characteristics before assessment begins.

Completeness

Sufficient observations exist to support meaningful characterization.

Consistency

Equivalent observations produce comparable engineering evidence.
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Explainability

Every engineering feature remains traceable to underlying observations.

Technology Neutrality

Engineering evidence remains independent of observation technologies.

Reproducibility

Independent implementations should produce equivalent Engineering Evidence when presented with
comparable observations.

These characteristics establish a stable foundation for engineering assessment.

5.8 Relationship with Volume III

Volume III begins where Volume II concludes.

Volume II answers:

1. What has been observed?
2. How trustworthy is the evidence?
3. What engineering characteristics have been identified?

Volume III introduces new engineering questions.

1. What Electromagnetic Behaviour emerges from the evidence?

2. What Electromagnetic Condition does that behaviour represent?

3. How should the condition be characterized?

4. How should engineering assessment be performed?

5. How should the Electromagnetic Observability Index (EOI) be determined?

These questions deliberately remain outside the scope of the Observation Model.

5.9 Engineering Definition

For the purposes of this Engineering Standard,
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the following definition is established.

Engineering Evidence is the complete body of wvalidated, traceable, technology-neutral
Electromagnetic Observations, Engineering Observation Features, contextual information, and
associated quality characteristics prepared for engineering characterization and assessment.

Engineering Evidence represents the formal output of the Observation Model.

It does not include engineering interpretation.

5.10 Completion of Volume II

The Observation Model establishes the engineering foundation upon which every subsequent
component of the Electromagnetic Observability Framework depends.

It defines:

1. how observations are acquired,

2. how they are organized,

3. how engineering features are extracted,

4. how engineering evidence is evaluated,

5. and how trustworthy engineering evidence is prepared for assessment.

No conclusions regarding the Electromagnetic State are reached within this volume.

Instead, the Observation Model ensures that every engineering assessment performed within EOF
begins with objective, traceable, and repeatable engineering evidence.

5.11 Transition to Volume II1

The Assessment Model represents the intellectual centre of the Electromagnetic Observability
Framework.

While the Observation Model establishes engineering evidence, the Assessment Model transforms
that evidence into engineering understanding.

The next volume introduces the principles through which Engineering Evidence is interpreted,
characterized, and assessed to determine the Electromagnetic Condition of a physical space.

Only after this assessment is complete does the framework introduce the Electromagnetic
Observability Index (EOI) as the standardized engineering representation of that assessed condition.
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Electromagnetic Observability Framework (EOF)

Volume II — Electromagnetic Observation Model

Chapter 6

Electromagnetic Assets and Observation Domains

Engineering Statement

Engineering observation requires a clearly defined subject.
Structural engineering observes structures.

Environmental engineering observes environmental systems.
Medical engineering observes physiological systems.

Likewise, Electromagnetic Observability observes electromagnetic assets existing within physical
spaces.

This chapter establishes the concept of the Electromagnetic Asset and introduces the engineering
domains within which electromagnetic observations are organized.

The purpose is not to classify hardware, but to define the entities whose electromagnetic behaviour
contributes to the Electromagnetic State of a physical environment.

6.1 Introduction

Observation is meaningful only when engineers understand what is being observed.

Within the Electromagnetic Observability Framework, observations are not collected indiscriminately.
Every observation is associated with one or more engineering subjects.

Collectively these subjects contribute to the Electromagnetic State of the observed environment.

EOF refers to these subjects as Electromagnetic Assets.

The concept intentionally extends beyond traditional computing assets.

An Electromagnetic Asset is defined by its participation in the electromagnetic environment rather
than by its ownership, purpose, or technological implementation.

This distinction enables EOF to remain applicable across industries and future technologies.
6.2 What is an Electromagnetic Asset?
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An FElectromagnetic Asset is any entity that contributes to, influences, or participates in the
Electromagnetic State of a physical space.

The contribution may be active or passive.

Continuous or intermittent.

Intentional or incidental.

The defining characteristic is not whether the asset communicates.

The defining characteristic is that its existence or operation influences the observable electromagnetic
environment.

Consequently,
Electromagnetic Assets are engineering entities rather than inventory records.

They exist because they influence the Electromagnetic State.

6.3 Categories of Electromagnetic Assets

The framework recognizes several broad categories of Electromagnetic Assets.
These categories are descriptive rather than exhaustive.

Communication Assets

Examples include:

1. Wireless access points
2. Cellular infrastructure
3. Bluetooth devices

4, IoT gateways

5. Wireless sensors

These assets intentionally exchange electromagnetic information.

Infrastructure Assets

Infrastructure frequently contributes to the Electromagnetic State without acting as a communication
endpoint.

Examples include:

1. Electrical equipment
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2. Industrial control systems
3. Building automation systems
4, Power infrastructure

These assets influence the surrounding electromagnetic environment through normal operation.

Mobile Assets
Certain assets continuously change location.

Examples include:

1. Mobile phones

2. Tablets

3. Wearable devices

4, Vehicles

5. Autonomous robots

6. Portable industrial equipment

These assets introduce spatial variability into the Electromagnetic State.

Environmental Assets
Some observable electromagnetic behaviour originates from the environment itself.

Examples include:

1. Atmospheric phenomena

2. Environmental interference

3. Passive electromagnetic reflections
4. Natural electromagnetic sources

Although these are not engineered systems, they remain part of the observable electromagnetic
environment.

Unknown Assets
Engineering must also recognize the existence of unidentified contributors.

Examples include:
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1. Unknown transmitters

2. Newly introduced devices

3. Temporary equipment

4, Unclassified electromagnetic sources

Unknown Assets are legitimate engineering observations.
They are not automatically regarded as faults.

Their engineering significance is determined later within the Assessment Model.

6.4 Assets versus Devices

An important distinction exists between devices and assets.

A device is a physical or logical object.

An Electromagnetic Asset is an engineering abstraction.

For example,

multiple physical devices operating together may collectively behave as a single engineering asset.
Conversely,

one physical device may contribute to several independent electromagnetic behaviours.

EOF therefore deliberately separates engineering observation from equipment inventory.

This distinction prevents the framework from becoming dependent upon specific technologies or asset
management systems.

6.5 Observation Domains
Engineering observations occur within defined Observation Domains.

An Observation Domain represents the physical boundary within which electromagnetic observations
are collected and interpreted.

Domains establish engineering context.

Examples include:

1. A hospital ward.
2. A manufacturing production line.
3. A railway station platform.
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4, A warehouse.

5. A research laboratory.

6. A university campus.

7. A smart building floor.

8. A secure operations centre.

Observation Domains define the scope of engineering interpretation.

They do not prescribe physical size.

6.6 Relationships Between Assets and Domains
Observation Domains contain Electromagnetic Assets.

Electromagnetic Assets contribute to the Electromagnetic State.

The Electromagnetic State is observed through Engineering Observations.
This relationship may be represented conceptually.

Observation Domain

— Electromagnetic Assets

- Electromagnetic State

Engineering Observations

Engineering Evidence

This relationship establishes one of the principal structural models of EOF.

6.7 Asset Behaviour

Engineering does not observe assets solely because they exist.
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It observes the behaviour they collectively produce.

Asset behaviour may include:

1. Appearance.
2. Disappearance.
3. Persistence.

4, Mobility.

5. Recurrence.

6. Interaction.

7. Stability.

These behaviours become observable characteristics contributing to Engineering Observation
Features.

Importantly,
behaviour is an observation concept.

Assessment of behaviour belongs to Volume II1.

6.8 Engineering Principles
The following engineering principles govern Electromagnetic Assets within EOF.
Principle 1

Electromagnetic Assets shall be defined by their contribution to the Electromagnetic State rather than
by technological implementation.

Principle 2
Observation Domains shall establish the engineering scope of observation.
Principle 3

Engineering observations shall remain traceable to the Observation Domain in which they were
acquired.

Principle 4
Unknown Assets shall be regarded as valid engineering observations.
Their engineering significance shall be determined only during assessment.

Principle 5
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Asset behaviour shall remain independent of engineering interpretation.

6.9 Engineering Definition
For the purposes of this Engineering Standard, the following definitions are established.

Electromagnetic Asset is an engineering entity that contributes to, influences, or participates in the
Electromagnetic State of a physical space.

Observation Domain is the engineering boundary within which Electromagnetic Observations are
acquired, organized, and interpreted.

These definitions establish the subjects and scope of observation within the Electromagnetic
Observability Framework.

6.10 Completion of the Observation Model

With the introduction of Electromagnetic Assets and Observation Domains, the Observation Model is
complete.

The framework has now defined:

1. the subject of observation,

2. the engineering evidence acquired,

3. the organization of observations,

4. engineering observation features,

5. quality and confidence,

6. and the engineering entities participating in the Electromagnetic State.

These concepts collectively establish the complete engineering foundation required before
engineering assessment begins.

Volume III builds directly upon this foundation by transforming Engineering Evidence into an
engineering characterization of the Electromagnetic Condition.
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Electromagnetic Observability Framework (EOF)
Version 1.0 Engineering Standard
Volume IIT

Electromagnetic Assessment Model

Chapter 1

Engineering Assessment in Electromagnetic Observability

Engineering Statement
Observation alone does not constitute engineering understanding.

Engineering understanding emerges only when trustworthy evidence is systematically interpreted to
characterize the condition of the physical environment.

Within the Electromagnetic Observability Framework, Engineering Assessment is the disciplined
process through which Engineering Evidence is transformed into a meaningful characterization of the
Electromagnetic Condition.

Engineering Assessment represents the intellectual core of Electromagnetic Observability.

1.1 Introduction

The previous volumes established that every physical space possesses an Electromagnetic State and
that this state can be observed through systematic acquisition of engineering evidence.

However, observations alone cannot answer engineering questions.

Knowing that numerous wireless transmissions have been detected does not explain whether the
observed environment is stable.

Knowing that electromagnetic activity has increased does not explain whether that increase represents
expected operational behaviour or a meaningful environmental change.

Engineering therefore requires more than observation.
It requires assessment.
Assessment transforms observations into engineering understanding.

It enables engineers to characterize the observed environment rather than merely describe the
evidence collected from it.
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This distinction marks the transition from engineering observation to engineering reasoning.

1.2 Observation Answers ""What?"
Assessment Answers "What Does It Mean?"

The Observation Model answers questions such as:
e What was observed?

e  When was it observed?

e  Where was it observed?

e How reliable is the observation?

What engineering features describe the observation?
These questions establish engineering evidence.
The Assessment Model asks fundamentally different questions.
e What does this evidence reveal about the Electromagnetic State?
e What patterns emerge from the observations?
e What engineering condition does the environment exhibit?
e How should engineers characterize that condition?
e How can different environments be compared objectively?
These questions define engineering understanding.

The distinction between evidence and understanding is fundamental throughout EOF.

1.3 Engineering Assessment is Interpretation

Engineering Assessment is the systematic interpretation of Engineering Evidence to characterize the
Electromagnetic Condition of a physical space.

Assessment is not speculation.
Nor is it arbitrary classification.

Assessment is a disciplined engineering activity governed by repeatable methodologies, transparent
reasoning, and traceable evidence.

The objective of assessment is not to predict the future.

It is to explain the present.
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Prediction may become a future capability of EOF, but assessment begins by characterizing the
current Electromagnetic Condition using the best available engineering evidence.

1.4 Assessment Operates on Engineering Evidence
The Assessment Model does not interact directly with sensing technologies.
Nor does it process raw measurements.

Instead, it operates exclusively upon the Engineering Evidence Package produced by the Observation
Model.

This separation preserves the technology neutrality established throughout EOF.

Whether observations originate from Bluetooth, Wi-Fi, Software Defined Radio, Ultra-Wideband, or
future observation technologies is irrelevant to the Assessment Model.

The Assessment Model evaluates only Engineering Evidence.

This separation ensures that engineering reasoning remains stable even as observation technologies
continue to evolve.

1.5 The Purpose of Engineering Assessment

The purpose of Engineering Assessment is not to identify devices.

Nor is it to classify communication protocols.

Its purpose is to answer a much broader engineering question.

"What is the Electromagnetic Condition of this physical space?"

This represents the central objective of the Electromagnetic Observability Framework.

The assessment process seeks to characterize the environment as a whole rather than any individual
electromagnetic component.

Individual observations contribute evidence.

Engineering Assessment integrates that evidence into a coherent understanding of the environment.

1.6 Characteristics of Engineering Assessment
Engineering Assessment within EOF possesses several defining characteristics.
Technology Independent

Assessment shall remain independent of observation technologies.
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The same engineering methodology shall apply irrespective of sensing mechanisms.

Evidence Based
Every engineering conclusion shall be supported by traceable Engineering Evidence.

Assessment shall never rely upon unsupported assumptions.

Context Aware
Engineering interpretation shall consider the operational context of the observed environment.

The same Engineering Evidence may represent different Electromagnetic Conditions in different
environments.

Assessment therefore requires engineering context rather than universal assumptions.

Repeatable

Equivalent Engineering Evidence shall produce equivalent engineering assessments when interpreted
using the same assessment methodology.

Repeatability is essential for engineering credibility.

Explainable

Every engineering conclusion shall remain explainable through the observations and engineering
features from which it was derived.

Assessment shall remain transparent rather than opaque.

1.7 Assessment is Not Classification
A common misconception is that assessment consists of assigning labels.
Within EOF, assessment is considerably richer.
Classification answers questions such as:
e normal,
e abnormal,

e occupied,
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e unoccupied.
Engineering Assessment goes further.
It explains why a particular Electromagnetic Condition exists.
It characterizes the observed environment through structured engineering reasoning.
Classification may become one outcome of assessment.

It is not assessment itself.

1.8 Assessment Produces Electromagnetic Condition

The principal output of Engineering Assessment is the characterization of the Electromagnetic
Condition.

This represents the first point within EOF where Engineering Evidence becomes engineering
understanding.

The Electromagnetic Condition is therefore not directly observed.
Nor is it directly measured.

It is characterized through Engineering Assessment.

This distinction is fundamental.

Observation reveals evidence.

Assessment reveals condition.

1.9 Assessment Precedes Communication

Engineering disciplines generally separate understanding from communication.

Doctors assess a patient's condition before preparing a clinical report.

Environmental engineers assess atmospheric conditions before publishing an Air Quality Index.
Structural engineers assess bridge integrity before communicating inspection results.

The same philosophy applies within EOF.

Engineering Assessment shall always precede Engineering Communication.

Consequently, the Electromagnetic Observability Index (EOI) is not part of the assessment process
itself.

Rather, it is the standardized engineering representation through which assessment results are
communicated.
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This separation ensures that engineering understanding remains independent of communication
methods.

1.10 The Assessment Lifecycle

Engineering Assessment progresses through a logical sequence of engineering activities.

Engineering Evidence

Engineering Assessment

|—— Engineering Interpretation

—— Behaviour Characterization

—— Engineering Assessment Metrics

—— Engineering Assessment Indicators

—— Condition Characterization

L Assessment Validation

Electromagnetic Condition
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Engineering Communication

(Electromagnetic Observability Index)

Each stage contributes additional engineering understanding while preserving traceability to the
underlying evidence.

The lifecycle intentionally separates engineering reasoning from engineering communication.

1.11 Engineering Definition
For the purposes of this Engineering Standard, the following definition is established.

Engineering Assessment is the systematic interpretation of Engineering Evidence to characterize the
Electromagnetic Condition of a physical space through repeatable, explainable, and technology-
independent engineering methodologies.

Engineering Assessment comprises a sequence of engineering activities including Engineering
Interpretation, Behaviour Characterization, Engineering Assessment Metric evaluation, Engineering
Assessment Indicator evaluation, Condition Characterization, and Assessment Validation.
Collectively, these activities transform Engineering Evidence into the characterized Electromagnetic
Condition of the Observation Domain.

Engineering Assessment shall remain evidence-based, context-aware, and traceable throughout its
lifecycle.

1.12 Looking Ahead

This chapter has established the purpose and philosophy of Engineering Assessment.

The next chapter introduces the Engineering Assessment Methodology, defining the logical stages
through which Engineering Evidence is interpreted, characterized, and evaluated before the
Electromagnetic Condition is formally established.

Only after the assessment methodology has been defined will the framework introduce the
Electromagnetic Observability Index (EOI) as the standardized engineering representation of that
assessment.
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Chapter 2

Engineering Assessment Methodology

Engineering Statement

Engineering assessment shall be performed through a systematic, repeatable, and evidence-based
methodology.

The objective of the methodology is not to produce a numerical result, but to establish a defensible
engineering understanding of the Electromagnetic Condition of a physical space.

This chapter defines the normative assessment methodology of the Electromagnetic Observability
Framework and establishes the logical progression from Engineering Evidence to Engineering
Understanding.

2.1 Introduction

Engineering disciplines rely upon methodologies to ensure that independent engineers presented with
equivalent evidence can arrive at comparable engineering conclusions.

Without a common methodology, engineering assessments become subjective and inconsistent.

The Electromagnetic Observability Framework therefore establishes a structured assessment
methodology that remains independent of sensing technologies, software implementations, and
computational techniques.

The methodology defines what engineering activities shall occur, rather than prescribing how
software shall implement them.

This distinction preserves the longevity and technology neutrality of the framework.

2.2 Objectives of the Assessment Methodology
The Engineering Assessment Methodology has five primary objectives.

Objective 1 — Transform Evidence into Understanding
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The methodology shall convert Engineering Evidence into a meaningful characterization of the
Electromagnetic Condition.

Objective 2 — Preserve Traceability

Every engineering conclusion shall remain traceable to the Engineering Evidence from which it was
derived.

Objective 3 — Maintain Repeatability

Equivalent Engineering Evidence interpreted using the same methodology shall produce equivalent
engineering assessments.

Objective 4 — Preserve Technology Neutrality

The methodology shall remain independent of sensing technologies, observation platforms,
communication protocols, and implementation architectures.

Objective 5 — Support Standardization

The methodology shall establish a common engineering process that enables consistent interpretation
across organizations and industries.

2.3 The Assessment Methodology

Engineering Assessment within EOF consists of six sequential engineering activities.
Each activity contributes a distinct level of engineering understanding.

Engineering Evidence

Evidence Review
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Behaviour Identification

Condition Characterization

Engineering Evaluation

Engineering Understanding
This methodology is normative.

Implementations may vary internally, but the engineering intent of each stage shall be preserved.

2.4 Stage One — Evidence Review
Engineering Assessment begins with a review of the available Engineering Evidence.

The purpose of this stage is to establish whether the evidence is suitable for engineering
interpretation.

Evidence Review considers:
e completeness,
e quality,
e confidence,
e traceability,
e contextual adequacy.
The objective is not to reassess observation quality.

Rather, it is to confirm that the available evidence supports meaningful engineering reasoning.

Version 1.0 — Foundational Edition
Page



Electromagnetic Observability Framework
Version 1.0 — Foundational Edition

2.5 Stage Two — Behaviour Identification

Once the evidence has been reviewed, engineering identifies observable electromagnetic behaviours.
Behaviour Identification seeks to answer questions such as:

6. What patterns are evident?

7. Which observations persist?

8. Which observations change?

9. Which characteristics remain stable?

10. Which characteristics vary significantly?

At this stage, engineering is still describing behaviour.

No judgments are made regarding whether the behaviour is expected or unexpected.

Behaviour Identification therefore remains descriptive.

2.6 Stage Three — Condition Characterization

The identified behaviours are then interpreted collectively to characterize the Electromagnetic
Condition.

Condition Characterization represents the first point at which engineering understanding begins to
emerge.

Rather than considering individual observations independently, engineering evaluates the
environment as an integrated system.

The resulting Electromagnetic Condition represents a holistic engineering characterization of the
observed Electromagnetic State.

It is important to emphasize that characterization is not yet evaluation.

It answers ""What condition exists?"', not "Is that condition acceptable?"

2.7 Stage Four — Engineering Evaluation

Once the Electromagnetic Condition has been characterized, engineering evaluates its significance
within the operational context of the physical space.

Engineering Evaluation considers:

6. operational objectives,
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7. historical behaviour,
8. environmental context,
9. engineering expectations,
10. assessment confidence.
The purpose of evaluation is to determine the engineering meaning of the characterized condition.

Evaluation therefore introduces context without compromising objectivity.

2.8 Stage Five — Engineering Understanding
The final outcome of the methodology is Engineering Understanding.

Engineering Understanding represents a defensible engineering explanation of the observed
Electromagnetic State.

It integrates:
8. Engineering Evidence,
9. identified behaviour,
10. characterized condition,
11. contextual evaluation.
Engineering Understanding therefore becomes the principal output of the Assessment Model.

Subsequent chapters define standardized methods for communicating that understanding.

2.9 Characteristics of the Methodology

The Engineering Assessment Methodology possesses several defining characteristics.
Evidence-Based

Assessment shall rely exclusively upon Engineering Evidence produced by the Observation Model.

Explainable

Every assessment shall remain understandable through documented engineering reasoning.

Repeatable
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Independent engineers applying the same methodology to equivalent evidence should reach
comparable engineering conclusions.

Modular

Individual stages may evolve independently without altering the overall methodology.

Technology Neutral

The methodology shall remain applicable regardless of sensing technologies, computational
platforms, or future observation techniques.

2.10 Assessment Is Progressive

Engineering understanding develops progressively.

Each stage contributes additional knowledge while preserving the work completed by previous stages.
Engineering Evidence remains unchanged.

Behaviour is identified from that evidence.

Condition is characterized from behaviour.

Evaluation interprets the condition.

Engineering Understanding integrates the entire assessment process.

This progressive refinement ensures that engineering reasoning remains transparent and traceable.

2.11 Relationship with Future Chapters

The methodology defined in this chapter establishes the structure upon which the remainder of
Volume I1I is built.

Subsequent chapters will expand each stage.

Engineering Metrics quantify observable behaviour.

Assessment Algorithms define repeatable computational procedures.

Electromagnetic Condition formalizes engineering characterization.

The Electromagnetic Observability Index (EOI) standardizes engineering communication.

Each chapter deepens one element of the methodology established here.
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2.12 Engineering Definition
For the purposes of this Engineering Standard, the following definition is established.

Engineering Assessment Methodology is the structured, repeatable, technology-neutral engineering
process through which Engineering Evidence is progressively interpreted, characterized, evaluated,
and integrated into Engineering Understanding of the Electromagnetic Condition of a physical space.

The methodology establishes the normative process for engineering assessment within the
Electromagnetic Observability Framework.

2.13 Looking Ahead

The Engineering Assessment Methodology defines how assessment is performed, but it does not yet
define what characteristics are evaluated.

The next chapter introduces Engineering Assessment Metrics.

These metrics provide the standardized engineering characteristics through which Electromagnetic
Behaviour is quantified, compared, and characterized.

Metrics become the measurable language of assessment and establish the foundation upon which the
Electromagnetic Condition and the Electromagnetic Observability Index (EOI) are ultimately
constructed.

Electromagnetic Observability Framework (EOF)
Version 1.0 Engineering Standard
Volume IIT

Electromagnetic Assessment Model

Chapter 3

Engineering Assessment Metrics

Engineering Statement

Engineering assessment requires standardized characteristics through which complex physical
phenomena may be consistently described, compared, and interpreted.
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Within the Electromagnetic Observability Framework, these characteristics are referred to as
Engineering Assessment Metrics.

Engineering Assessment Metrics provide the measurable engineering language through which the
Electromagnetic Condition of a physical space is characterized.

They establish the common engineering vocabulary upon which all subsequent assessment
methodologies, algorithms, and engineering communication are based.

3.1 Introduction

Engineering disciplines rely upon metrics to transform observation into objective engineering
understanding.

Civil engineering evaluates structural deformation through measurable engineering quantities.

Environmental engineering characterizes atmospheric conditions using standardized environmental
indicators.

Electrical engineering evaluates power systems using voltage, current, frequency, and harmonic
distortion.

Likewise,

Electromagnetic Observability requires a standardized set of engineering metrics capable of
describing the behaviour of the Electromagnetic State.

These metrics do not represent individual observations.
Nor do they represent engineering conclusions.
Instead,

they provide measurable engineering characteristics that collectively describe the observed
environment.

3.2 Purpose of Engineering Assessment Metrics

The primary purpose of Engineering Assessment Metrics is to provide a standardized engineering
basis for characterizing the Electromagnetic Condition.

Engineering metrics enable:

7. objective comparison,
8. engineering consistency,
9. repeatable assessment,
10. explainable reasoning,
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11. standardized interpretation.
Without standardized metrics,
engineering assessment becomes dependent upon subjective judgment.

The Assessment Model therefore establishes Engineering Assessment Metrics as fundamental
engineering constructs.

3.3 Assessment Metrics versus Observation Features
The distinction between Observation Features and Assessment Metrics is fundamental to EOF.

Observation Features describe observable characteristics extracted directly from Engineering
Evidence.

Assessment Metrics evaluate those characteristics within the context of engineering assessment.
For example,

Observation Features may describe:

12. persistence,

13. spatial distribution,

14. spectral occupancy,

15. Behavioural continuity.

Assessment Metrics evaluate the engineering significance of those characteristics.
Consequently,

Observation Features belong to the Observation Model.

Engineering Assessment Metrics belong to the Assessment Model.

This separation preserves the independence of observation and assessment.

3.4 Characteristics of Engineering Assessment Metrics
Engineering Assessment Metrics shall possess several defining characteristics.
Objective

Metrics shall describe measurable engineering characteristics rather than subjective opinions.

Technology Neutral
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Metrics shall remain independent of observation technologies.

A metric shall retain the same engineering meaning regardless of whether observations originate from
Bluetooth, Wi-Fi, Software Defined Radio, or future sensing technologies.

Repeatable

Equivalent Engineering Evidence interpreted using equivalent methodologies shall produce equivalent
metric values.

Explainable

The engineering meaning of every metric shall be understandable and traceable to Engineering
Evidence.

Comparable

Metrics shall enable engineering comparison between observation periods, physical spaces, and
operational environments.

3.5 Categories of Engineering Assessment Metrics
EOF organizes Engineering Assessment Metrics into conceptual categories.

These categories establish the engineering structure of assessment rather than prescribing
implementation.

Stability Metrics

Stability Metrics describe the degree to which observable electromagnetic behaviour remains
consistent over time.

Representative metrics may include:
16. Behaviour Stability

17. Temporal Stability

18. Spectral Stability

19. Spatial Stability

Stability Metrics characterize the persistence of the Electromagnetic Condition.
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Integrity Metrics

Integrity Metrics describe the coherence and internal consistency of observed electromagnetic
behaviour.

Examples include:

20. Behaviour Integrity

21. Observation Integrity
22. Environmental Integrity

Integrity Metrics determine whether the observed environment exhibits internally consistent
engineering characteristics.

Variability Metrics

Variability Metrics describe the extent to which electromagnetic behaviour changes over time.
Representative examples include:

23. Behaviour Variability

24. Environmental Variability

25. Temporal Variability

Variability is not inherently desirable or undesirable.

It simply describes engineering behaviour.

Persistence Metrics
Persistence Metrics characterize the continuity of observed electromagnetic behaviour.

Representative examples include:

1. Signal Persistence
2. Behaviour Persistence
3. Environmental Persistence

Persistence describes the longevity of observable engineering characteristics.

Diversity Metrics

Diversity Metrics describe the richness and variety of observed electromagnetic behaviour.
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Representative examples include:

1. Technology Diversity
2. Spectral Diversity

3. Behaviour Diversity
4, Spatial Diversity

These metrics characterize environmental complexity rather than environmental quality.

Density Metrics
Density Metrics describe the concentration of observable electromagnetic activity.

Representative examples include:

1. Observation Density
2. Spectral Density
3. Behaviour Density

Density characterizes the distribution of observable engineering evidence.

3.6 Relationships Between Metrics

Engineering Assessment Metrics should not be interpreted independently.

Meaningful engineering understanding emerges through the relationships between multiple metrics.
For example,

high Stability combined with low Variability may characterize a consistent operational environment.
High Diversity combined with increasing Density may characterize a highly active environment.
Conversely,

low Persistence together with rapidly changing Variability may indicate transient environmental
behaviour.

The Assessment Model therefore considers metrics collectively rather than individually.

3.7 Metrics Describe the Electromagnetic Condition

Engineering Assessment Metrics do not evaluate individual observations.
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Instead,

they describe characteristics of the Electromagnetic Condition itself.
This distinction represents an important transition within EOF.
Observation Features describe the evidence.

Engineering Metrics describe the characterized environment.

The engineering focus therefore shifts from what was observed to what the observations collectively
reveal.

3.8 Metric Independence

Each Engineering Assessment Metric represents an independent engineering construct.
Although relationships may exist between metrics,

the engineering meaning of one metric shall not depend upon the existence of another.
For example,

Behaviour Stability remains meaningful irrespective of Behaviour Diversity.
Similarly,

Environmental Density remains meaningful independently of Persistence.

This independence enables future extensions to the framework without compromising existing
assessment methodologies.

3.9 Metrics Before Algorithms

Engineering standards should define engineering constructs before computational procedures.
Accordingly,

this chapter deliberately avoids mathematical equations.

Engineering Assessment Metrics define what engineering seeks to quantify.

The algorithms introduced in the next chapter define how those quantities may be calculated.

This distinction separates engineering concepts from computational implementation.

3.10 Engineering Principles

The following engineering principles govern Engineering Assessment Metrics within EOF.
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Principle 1

Metrics shall describe engineering characteristics rather than engineering conclusions.
Principle 2

Metrics shall remain technology-neutral.

Principle 3

Metric definitions shall remain independent of computational implementation.
Principle 4

Engineering metrics shall remain explainable through Engineering Evidence.
Principle 5

Metrics shall collectively characterize the Electromagnetic Condition rather than isolated
observations.

3.11 Engineering Definition
For the purposes of this Engineering Standard, the following definition is established.

Engineering Assessment Metric is a standardized, technology-neutral engineering characteristic used
to quantify and describe aspects of the Electromagnetic Condition of a physical space based upon
Engineering Evidence.

Engineering Assessment Metrics establish the measurable language of assessment within the
Electromagnetic Observability Framework.

3.12 Looking Ahead

This chapter has established the engineering characteristics through which FElectromagnetic
Conditions are described.

However,
metrics alone do not produce engineering assessment.

The next chapter introduces the Engineering Assessment Algorithms that transform Engineering
Evidence into standardized metric values through repeatable and transparent engineering procedures.

Only after metrics have been systematically evaluated can the framework proceed toward formal
characterization of the Electromagnetic Condition and, ultimately, the Electromagnetic Observability
Index (EOI).
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Chapter 4

Engineering Assessment Indicators

Engineering Statement
Engineering assessment requires more than measurable characteristics.

While Engineering Assessment Metrics quantify individual aspects of observed electromagnetic
behaviour, engineering understanding emerges only when those metrics are interpreted as meaningful
engineering indicators.

Within the Electromagnetic Observability Framework, Engineering Assessment Indicators are
standardized engineering constructs that represent specific aspects of the Electromagnetic Condition.

Indicators establish the intermediate layer between Engineering Assessment Metrics and the
characterization of the Electromagnetic Condition.

4.1 Introduction
Engineering disciplines rarely communicate individual measurements directly.

Instead, measurements are interpreted through engineering indicators that describe meaningful
characteristics of the system under observation.

For example, structural engineering evaluates structural performance through engineering indicators
derived from measurable characteristics.

Environmental engineering communicates environmental quality through standardized indicators
representing atmospheric conditions.

Similarly, Electromagnetic Observability transforms Engineering Assessment Metrics into
Engineering Assessment Indicators.

Indicators provide engineers with meaningful descriptions of electromagnetic behaviour while
preserving traceability to the underlying Engineering Evidence.
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They represent engineering understanding rather than numerical observations.

4.2 Purpose of Engineering Assessment Indicators
Engineering Assessment Indicators serve four principal purposes.

First, they integrate one or more Engineering Assessment Metrics into meaningful engineering
constructs.

Second, they establish a common engineering vocabulary for describing the Electromagnetic
Condition.

Third, they simplify the interpretation of complex electromagnetic behaviour without oversimplifying
the underlying engineering evidence.

Finally, they provide standardized inputs for the characterization of the Electromagnetic Condition.

Indicators therefore bridge the gap between engineering measurement and engineering
characterization.

4.3 Indicators versus Metrics

Engineering Assessment Metrics and Engineering Assessment Indicators perform different
engineering responsibilities.

Metrics quantify specific engineering characteristics.

Indicators describe what those quantified characteristics collectively represent.

For example,

Behaviour Stability is an Engineering Assessment Metric.

A Stability Indicator represents the engineering interpretation of stability-related metrics.
Similarly,

Environmental Density is a metric.

A Density Indicator represents the engineering significance of observed density characteristics.
Metrics answer the question:

""What measurable characteristic exists?"

Indicators answer the question:

""What engineering characteristic does that measurement represent?"

This distinction shall remain consistent throughout the Electromagnetic Observability Framework.
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4.4 Engineering Indicator Categories
EOF establishes six normative categories of Engineering Assessment Indicators.

Each category corresponds to one of the Engineering Assessment Dimensions defined in Chapter 3.

4.4.1 Stability Indicators
Stability Indicators describe the overall consistency of the Electromagnetic Condition.

They provide engineering insight into whether observed electromagnetic behaviour remains stable
across space and time.

Representative Stability Indicators may describe:
7. Temporal consistency
8. Spatial consistency
9. Behavioural consistency
10. Spectral consistency

Stability Indicators characterize continuity rather than correctness.

4.4.2 Integrity Indicators
Integrity Indicators describe the internal coherence of the observed Electromagnetic Condition.

They assist engineers in understanding whether the observed environment behaves as a consistent
engineering system.

Integrity Indicators do not imply security.

They characterize engineering coherence.

4.4.3 Variability Indicators
Variability Indicators describe the degree to which the Electromagnetic Condition changes over time.

These indicators assist engineers in distinguishing stable operational environments from highly
dynamic environments.

Variability is neither desirable nor undesirable.

Its engineering significance depends upon operational context.
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4.4.4 Persistence Indicators
Persistence Indicators describe the continuity of observable electromagnetic behaviour.
They characterize engineering continuity across successive observation periods.

Persistence contributes significantly to long-term understanding of environmental behaviour.

4.4.5 Diversity Indicators

Diversity Indicators describe the richness and heterogeneity of the observed electromagnetic
environment.

These indicators characterize environmental complexity rather than operational quality.

High diversity may represent expected behaviour in one Observation Domain while representing
unusual behaviour in another.

4.4.6 Density Indicators
Density Indicators describe the concentration of observable electromagnetic activity.

These indicators assist engineers in understanding how electromagnetic behaviour is distributed
throughout the Observation Domain.

Density Indicators characterize engineering concentration rather than engineering significance.

4.5 Indicator Characteristics

Engineering Assessment Indicators shall possess the following characteristics.
Technology Neutrality

Indicators shall remain independent of observation technologies.

Their engineering meaning shall remain unchanged regardless of the sensing mechanisms used to
acquire Engineering Evidence.

Explainability

Every Engineering Assessment Indicator shall remain explainable through Engineering Assessment
Metrics and ultimately through Engineering Evidence.

Indicators shall never become opaque engineering constructs.
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Traceability
Every indicator shall remain traceable to the Engineering Assessment Metrics upon which it is based.

Engineering understanding shall never become disconnected from engineering evidence.

Repeatability

Equivalent Engineering Evidence interpreted using equivalent methodologies shall produce equivalent
Engineering Assessment Indicators.

Context Awareness
Indicators shall be interpreted within the operational context of the Observation Domain.

The same indicator may have different engineering implications in different environments.

4.6 Relationships Between Indicators
Engineering Assessment Indicators should not be interpreted independently.

Meaningful engineering understanding emerges through the collective interpretation of multiple
indicators.

For example,

a highly stable Electromagnetic Condition may simultaneously exhibit high density and high
diversity.

Conversely,

low persistence together with rapidly increasing variability may characterize an evolving operational
environment.

These relationships contribute to characterization of the Electromagnetic Condition.
However,
the Engineering Standard deliberately avoids prescribing specific interpretation rules.

Such rules belong to implementation methodologies rather than the normative framework.
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4.7 Indicators and Engineering Understanding

Engineering Assessment Indicators represent the first point within EOF where engineering evidence
begins to resemble engineering understanding.

Engineering Evidence remains objective.
Engineering Metrics quantify observable characteristics.
Engineering Indicators describe meaningful engineering characteristics.

The Electromagnetic Condition integrates these indicators into a coherent engineering characterization
of the physical environment.

Indicators therefore represent the transition from engineering measurement to engineering
understanding.

4.8 Engineering Principles

The following principles govern Engineering Assessment Indicators.
Principle 1

Indicators shall be derived from Engineering Assessment Metrics.
Principle 2

Indicators shall remain technology independent.

Principle 3

Indicators shall preserve traceability to Engineering Evidence.
Principle 4

Indicators shall describe engineering characteristics rather than engineering conclusions.
Principle 5

Indicators shall contribute collectively to characterization of the Electromagnetic Condition.

4.9 Normative Requirements

Implementations conforming to EOF shall ensure that Engineering Assessment Indicators:
8. are based upon standardized Engineering Assessment Metrics,
9. preserve engineering traceability,
10. remain independent of sensing technologies,
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11. support repeatable engineering assessment,
12. contribute consistently to characterization of the Electromagnetic Condition.

These requirements establish the minimum engineering expectations for indicator-based assessment.

4.10 Engineering Definition
For the purposes of this Engineering Standard, the following definition is established.

Engineering Assessment Indicator is a standardized engineering construct representing a
meaningful characteristic of the Electromagnetic Condition, derived from one or more Engineering
Assessment Metrics and used to support engineering characterization of a physical space.

Indicators communicate engineering characteristics.

They do not constitute engineering conclusions.

4.11 Relationship with Electromagnetic Condition
Engineering Assessment Indicators do not independently describe the Electromagnetic Condition.
Each indicator represents one engineering perspective.

The complete Electromagnetic Condition emerges only through the integrated characterization of
multiple Engineering Assessment Indicators.

The Engineering Standard therefore recognizes indicators as necessary but individually insufficient
for complete engineering characterization.

This principle preserves the holistic nature of Electromagnetic Observability.

4.12 Looking Ahead

The Engineering Assessment Indicators introduced in this chapter establish the engineering constructs
through which measurable electromagnetic characteristics become meaningful engineering
descriptors.

The next chapter introduces the Electromagnetic Condition itself.

It formalizes the engineering characterization produced through the collective interpretation of
Engineering Assessment Indicators and establishes the principal engineering construct upon which the
Electromagnetic Observability Index (EOI) is ultimately based.
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Chapter 5

Electromagnetic Condition

Engineering Statement
Every physical space possesses an Electromagnetic State.
However, the Electromagnetic State is not directly meaningful to engineering practice.

Engineering understanding emerges only after systematic assessment transforms the observed
Electromagnetic State into a characterized Electromagnetic Condition.

Within the Electromagnetic Observability Framework, the Electromagnetic Condition represents the
formal engineering characterization of the electromagnetic behaviour exhibited by a physical space at
a defined point in time and within a defined Observation Domain.

The Electromagnetic Condition is the principal engineering outcome of the Assessment Model.

5.1 Introduction

The Observation Model established that electromagnetic behaviour exists independently of
observation.

The Assessment Model established that engineering evidence can be systematically interpreted.
The purpose of this chapter is to define what engineering ultimately seeks to understand.

Engineers are not primarily interested in individual transmitters, isolated observations, or individual
engineering metrics.

They seek to understand the overall electromagnetic behaviour of the physical environment.

Version 1.0 — Foundational Edition
Page



Electromagnetic Observability Framework
Version 1.0 — Foundational Edition

EOF refers to this engineering understanding as the Electromagnetic Condition.

The Electromagnetic Condition therefore represents the engineering interpretation of the
Electromagnetic State rather than the observations themselves.

5.2 From State to Condition

A fundamental distinction exists between State and Condition.
The Electromagnetic State exists whether or not it is observed.
It is an inherent property of the physical space.

The Electromagnetic Condition exists only after engineering assessment has interpreted the
available Engineering Evidence.

The relationship may be expressed conceptually.

Physical Space

Electromagnetic State

Engineering Observation

Engineering Evidence

Engineering Assessment
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Electromagnetic Condition
This distinction is fundamental to EOF.
State belongs to physics.

Condition belongs to engineering.

5.3 Engineering Purpose

The purpose of defining an Electromagnetic Condition is to provide engineers with a standardized
characterization of the observed environment.

Without such characterization,

engineering assessment remains fragmented.
One engineer may focus upon signal density.
Another may focus upon persistence.
Another may focus upon occupancy.

EOF instead establishes a unified engineering construct capable of integrating these observations into
one coherent understanding.

The Electromagnetic Condition therefore becomes the common engineering reference for subsequent
analysis, communication and operational decision making.

5.4 Characteristics of the Electromagnetic Condition
The Electromagnetic Condition possesses several defining characteristics.
Assessment-Based

The Electromagnetic Condition is never directly measured.

It is characterized through engineering assessment.

Holistic

The Electromagnetic Condition represents the behaviour of the environment as a whole rather than the
behaviour of individual electromagnetic assets.
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Context-Dependent

The same observed behaviour may represent different Electromagnetic Conditions in different
Observation Domains.

A hospital operating theatre and an airport terminal are expected to exhibit different electromagnetic
characteristics.

Neither condition is inherently better or worse.

Each must be interpreted within its intended operational context.

Dynamic
The Electromagnetic Condition evolves continuously as the electromagnetic environment changes.

It therefore represents a time-dependent engineering characterization rather than a permanent property
of the Observation Domain.

Technology-Neutral

The Electromagnetic Condition remains independent of sensing technologies, communication
protocols and implementation platforms.

Its engineering meaning remains unchanged regardless of how observations are acquired.

5.5 Components of the Electromagnetic Condition

Engineering assessment characterizes the Electromagnetic Condition through the collective
interpretation of multiple engineering characteristics.

These include, but are not limited to:

4, Stability

5. Integrity

6. Variability
7. Persistence
8. Diversity
9. Density

No single characteristic defines the Electromagnetic Condition.

Instead, the condition emerges from the integrated understanding of all relevant engineering
characteristics.
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This holistic approach distinguishes EOF from conventional RF monitoring systems that evaluate
isolated measurements.

5.6 Electromagnetic Condition is Not a Health Score
The Electromagnetic Condition shall not be interpreted as a health score.
Nor shall it be interpreted as a security classification.

It is an engineering characterization.

The engineering significance of a particular condition depends upon the operational objectives of the
Observation Domain.

For example, a highly dynamic electromagnetic environment may be entirely expected within a
transportation hub, while a similarly dynamic environment may warrant investigation within a secure
laboratory.

Engineering assessment therefore characterizes the condition before assigning operational meaning.

5.7 Condition Across Observation Domains

EOF recognizes that every Observation Domain possesses its own characteristic Electromagnetic
Condition.

Examples include:

10. Residential environments
11. Commercial office spaces
12. Manufacturing facilities

13. Healthcare environments

14. Educational campuses

15. Transportation infrastructure
16. Public venues

17. Critical infrastructure

The framework does not prescribe what the condition should be.

Instead, it provides a consistent engineering methodology for characterizing the condition within each
domain.

This principle ensures applicability across diverse industries.
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5.8 Temporal Nature of the Electromagnetic Condition

The Electromagnetic Condition is not static.

Engineering characterization represents the condition during a defined observation period.
Consequently,

successive assessments may identify:

18. gradual evolution,

19. cyclical behaviour,

20. temporary disturbances,

21. long-term environmental change.

Understanding these temporal characteristics enables engineers to distinguish between routine
operational behaviour and meaningful environmental transitions.

5.9 Relationship to Engineering Assessment

Engineering assessment does not terminate with the calculation of individual metrics.
Its purpose is to establish the Electromagnetic Condition.

Engineering metrics provide measurable characteristics.

Engineering assessment integrates those characteristics.

The resulting Electromagnetic Condition represents the complete engineering understanding produced
by the Assessment Model.

Only after the Electromagnetic Condition has been established should engineering communication
occur.

5.10 Engineering Principles

The following principles govern the Electromagnetic Condition.
Principle 1

Every Observation Domain possesses an Electromagnetic Condition.

Principle 2
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The Electromagnetic Condition shall be established through engineering assessment rather than direct
measurement.

Principle 3

The Electromagnetic Condition shall represent the environment as a whole rather than isolated
observations.

Principle 4
The Electromagnetic Condition shall remain independent of observation technologies.
Principle 5

The engineering significance of an Electromagnetic Condition shall always be interpreted within
operational context.

5.11 Normative Requirements

Implementations conforming to EOF shall ensure that the Electromagnetic Condition:

22. is derived from Engineering Assessment,

23. integrates multiple Engineering Assessment Metrics,
24. preserves traceability to Engineering Evidence,

25. remains explainable,

26. supports repeatable characterization,

27. remains independent of implementation technologies.

These requirements establish the minimum engineering expectations for characterization of the
Electromagnetic Condition.

5.12 Engineering Definition
For the purposes of this Engineering Standard, the following definition is established.

Electromagnetic Condition is the standardized engineering characterization of the electromagnetic
behaviour exhibited by a physical space, established through systematic assessment of Engineering
Evidence within a defined Observation Domain.

The Electromagnetic Condition represents engineering understanding rather than direct observation.

5.13 Relationship with the Electromagnetic Observability Index
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The Electromagnetic Condition represents engineering understanding.

However, engineering understanding must also be communicated in a consistent and standardized
manner.

The Electromagnetic Observability Index (EOI) provides that communication mechanism.
The EOI does not replace the Electromagnetic Condition.

Rather, it expresses the characterized condition in a standardized engineering form suitable for
comparison, reporting and operational decision making.

Thus, the Electromagnetic Condition and the EOI serve complementary roles within the framework.

5.14 Looking Ahead

The previous volumes established that every physical space possesses an Electromagnetic State.

This chapter has established that engineering assessment transforms that state into an Electromagnetic
Condition.

The next chapter introduces the Electromagnetic Observability Index (EOI), defining it as the
standardized engineering measurement through which the characterized Electromagnetic Condition
can be consistently communicated, compared and interpreted across Observation Domains.

Electromagnetic Observability Framework (EOF)
Version 1.0 — Engineering Standard
Volume IIT

Electromagnetic Assessment Model

Chapter 6
Electromagnetic Observability Index (EOI)

Engineering Statement

Engineering disciplines require standardized measurements through which complex physical
conditions may be consistently communicated, compared and interpreted.

Within the Electromagnetic Observability Framework, this standardized measurement is defined as
the Electromagnetic Observability Index (EOI).
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The Electromagnetic Observability Index is the standardized engineering measurement used to
communicate the characterized Electromagnetic Condition of a physical space.

The EOI establishes a common engineering language through which Electromagnetic Conditions may
be understood consistently across Observation Domains, organizations and industries.

6.1 Introduction

Engineering observations alone do not provide a practical means of communicating the
electromagnetic behaviour of a physical space.

Likewise, Engineering Assessment Metrics and Engineering Assessment Indicators describe
individual engineering characteristics but do not provide a single standardized engineering
representation of the assessed environment.

Engineering therefore requires a common engineering measurement.
The Electromagnetic Observability Index fulfills this requirement.

The EOI provides engineers with a standardized method of expressing the characterized
Electromagnetic Condition in a form suitable for engineering communication, comparison and
operational interpretation.

The purpose of the EOI is therefore not to replace engineering assessment.

Its purpose is to communicate the outcome of engineering assessment.

6.2 Engineering Motivation

Many engineering disciplines have adopted standardized measurements that simplify the
communication of complex engineering information.

Air Quality is communicated through the Air Quality Index.
Building performance may be represented through energy performance ratings.
Structural condition may be summarized through engineering health indices.

These measurements enable engineers, operators and decision makers to communicate consistently
without requiring access to every underlying engineering measurement.

The Electromagnetic Observability Framework adopts the same engineering philosophy.

The Electromagnetic Observability Index establishes a standardized engineering measurement for the
characterization of the electromagnetic behaviour of physical spaces.
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6.3 Definition of the Electromagnetic Observability Index

The Electromagnetic Observability Index is not a direct measurement.

It is not observed by sensors.

It is not associated with any individual electromagnetic asset.

Rather,

the EOI is a standardized engineering representation of the assessed Electromagnetic Condition.
The EOI therefore expresses engineering understanding rather than raw observation.

This distinction 1s fundamental.

6.4 Purpose of the EOI

The Electromagnetic Observability Index serves several engineering purposes.

It enables:

28. standardized engineering communication,

29. comparison between Observation Domains,

30. longitudinal assessment of a single Observation Domain,
31. reporting of engineering assessments,

32. operational awareness,

33. engineering decision support.

The EOI provides a common engineering reference through which electromagnetic conditions may be
discussed independently of sensing technologies and implementation platforms.

6.5 Characteristics of the EOI
The Electromagnetic Observability Index shall possess the following engineering characteristics.
Standardized

The engineering meaning of the EOI shall remain consistent across all conforming implementations.

Technology Independent

The EOI shall not depend upon specific sensing technologies, communication protocols or software
implementations.
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Explainable

Every reported EOI shall remain traceable to the Engineering Assessment that produced it.

Comparable
Equivalent Electromagnetic Conditions shall produce equivalent engineering interpretations.

This enables meaningful comparison between observation periods and Observation Domains.

Context Aware

Although the engineering meaning of the EOI remains standardized, its operational interpretation
shall consider the intended purpose of the Observation Domain.

6.6 Relationship with the Electromagnetic Condition

The Electromagnetic Condition and the Electromagnetic Observability Index perform different
engineering responsibilities.

The Electromagnetic Condition represents engineering understanding.

The Electromagnetic Observability Index represents standardized engineering communication.
The relationship is illustrated conceptually.

Engineering Evidence

!

Engineering Assessment

l

Electromagnetic Condition
!
Electromagnetic Observability Index (EOI)

Engineering assessment shall always establish the Electromagnetic Condition before the EOI is
determined.

The EOI shall never replace engineering assessment.
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6.7 Engineering Interpretation
The EOI is intended to support engineering interpretation rather than engineering judgment.

A reported EOI should always be interpreted together with:

34. the Observation Domain,

35. the assessment context,

36. the assessment period,

37. the associated engineering characterization.

The EOI communicates engineering understanding.
It does not independently explain why a particular Electromagnetic Condition exists.

Detailed engineering investigation remains the responsibility of the Assessment Model.

6.8 Comparison Across Observation Domains

One of the principal objectives of the EOI is to enable standardized comparison between different
physical environments.

Such comparisons shall recognize that different Observation Domains possess different operational
characteristics.

Consequently,

the EOI provides a consistent engineering measurement while preserving the contextual interpretation
of the Electromagnetic Condition.

This principle enables the framework to support diverse environments without imposing a single
definition of "normal."

6.9 Lifecycle of the EOI

The Electromagnetic Observability Index represents the Electromagnetic Condition during a defined
assessment period.

Successive EOIs therefore enable engineers to observe:

38. environmental evolution,
39. operational consistency,
40. gradual transitions,

41. recurring behaviour,
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42. significant environmental changes.

The EOI thus supports continuous engineering assessment rather than isolated observations.

6.10 Engineering Principles
The following principles govern the Electromagnetic Observability Index.
Principle 1

Every characterized Electromagnetic Condition may be represented by an Electromagnetic
Observability Index.

Principle 2

The EOI shall represent engineering understanding rather than direct observation.

Principle 3

The EOI shall remain independent of sensing technologies.

Principle 4

Equivalent Electromagnetic Conditions shall produce equivalent engineering interpretations.
Principle 5

The EOI shall support standardized engineering communication across Observation Domains.

6.11 Normative Requirements

Implementations conforming to EOF shall ensure that the Electromagnetic Observability Index:

43. is derived from the characterized Electromagnetic Condition,
44, preserves traceability to Engineering Assessment,

45. remains technology independent,

46. supports repeatable engineering interpretation,

47. enables standardized communication,

48. maintains consistency across Observation Domains.

These requirements establish the minimum engineering expectations for the EOIL.

6.12 Engineering Definition
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For the purposes of this Engineering Standard, the following definition is established.

Electromagnetic Observability Index (EOI) is the standardized engineering measurement used to
communicate the characterized Electromagnetic Condition of a physical space in a consistent,
comparable and technology-independent manner.

The EOI is the primary engineering communication construct of the Electromagnetic Observability
Framework.

6.13 EOI within the Framework

The relationship between the principal engineering constructs of EOF may now be summarized.
Physical Space

!

Electromagnetic State

l

Engineering Observation

!

Engineering Evidence

!

Engineering Assessment

!

Electromagnetic Condition
!
Electromagnetic Observability Index (EOI)

This sequence defines the complete engineering progression established by Volumes I through III.

6.14 Looking Ahead

The Electromagnetic Observability Index establishes the standardized engineering measurement
through which the Electromagnetic Condition is communicated.

However, every engineering assessment also possesses a degree of certainty.

The next chapter introduces Assessment Confidence, establishing the engineering principles through
which the confidence of an Electromagnetic Assessment shall be characterized, reported and
interpreted alongside the Electromagnetic Observability Index.
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Electromagnetic Observability Framework (EOF)
Version 1.0 — Engineering Standard
Volume IIT

Electromagnetic Assessment Model

Chapter 7

Engineering Confidence

Engineering Statement
Engineering assessment is meaningful only when accompanied by an understanding of its reliability.

Within the Electromagnetic Observability Framework, Engineering Confidence represents the
degree of assurance that the characterized Electromagnetic Condition accurately represents the
Electromagnetic State of the Observation Domain during the defined assessment period.

Engineering Confidence is a standardized engineering construct that communicates the
trustworthiness of engineering understanding.

It complements the Electromagnetic Observability Index by expressing the certainty with which that
engineering understanding has been established.

7.1 Introduction

No engineering assessment is performed under perfect conditions.

Observations may be incomplete.

Environmental conditions may change.

Observation periods may differ.

Electromagnetic behaviour may evolve.

Consequently,

every engineering assessment inherently contains a degree of uncertainty.

The purpose of Engineering Confidence is not to eliminate uncertainty.

Its purpose is to characterize uncertainty in a consistent and transparent engineering manner.
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Engineering Confidence therefore enables engineers to distinguish between the quality of an
engineering assessment and the engineering condition being assessed.

7.2 Engineering Confidence versus Electromagnetic Condition
A fundamental distinction exists between the Electromagnetic Condition and Engineering Confidence.

The Electromagnetic Condition describes the characterized behaviour of the electromagnetic
environment.

Engineering Confidence describes the degree of assurance associated with that characterization.
The two concepts are complementary but independent.

A complex industrial facility may exhibit a well-characterized Electromagnetic Condition with high
Engineering Confidence.

Conversely, a newly observed environment may produce the same characterized condition but with
lower Engineering Confidence due to limited Engineering Evidence.

This distinction ensures that engineers do not confuse environmental behaviour with assessment
certainty.

7.3 Purpose of Engineering Confidence

Engineering Confidence serves several purposes within EOF.

It:

49. communicates assessment reliability,

50. supports engineering decision making,

51. identifies assessments requiring additional observation,

52. promotes transparency,

53. enables comparison of assessment quality across Observation Domains.

Engineering Confidence therefore complements, rather than replaces, engineering assessment.

7.4 Sources of Engineering Confidence
Engineering Confidence is influenced by multiple engineering factors.
These may include:

54. completeness of Engineering Evidence,
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55. quality of observations,

56. consistency of Engineering Assessment Metrics,
57. temporal coverage,

58. spatial coverage,

59. repeatability of observations,

60. assessment traceability.

The Engineering Standard recognizes these contributors conceptually.

It does not prescribe how they shall be combined.

7.5 Characteristics of Engineering Confidence
Engineering Confidence shall possess the following characteristics.
Evidence-Based

Engineering Confidence shall be supported by Engineering Evidence rather than subjective judgment.

Independent
Engineering Confidence shall remain independent of the Electromagnetic Condition.
A highly dynamic environment may still produce a high-confidence assessment.

Similarly, a stable environment may be characterized with lower confidence when insufficient
Engineering Evidence exists.

Transparent
The basis of Engineering Confidence shall remain explainable and traceable.

Engineers shall understand why a particular confidence level has been established.

Repeatable

Equivalent Engineering Evidence evaluated using equivalent engineering methodologies shall
produce equivalent Engineering Confidence.

Context Aware
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Engineering Confidence shall consider the operational context of the Observation Domain without
compromising engineering consistency.

7.6 Engineering Interpretation

Engineering Confidence shall always accompany engineering assessment.

However,

Engineering Confidence shall not be interpreted as a measure of environmental quality.
Nor shall it be interpreted as a measure of system performance.

It represents only the confidence associated with the engineering characterization.

This distinction preserves the independence of assessment quality from environmental behaviour.

7.7 Relationship with the Electromagnetic Observability Index
Engineering Confidence complements the Electromagnetic Observability Index.
The EOI communicates the characterized Electromagnetic Condition.

Engineering Confidence communicates the certainty with which that characterization has been
established.

Consequently,
engineering communication within EOF consists of two complementary elements.

Electromagnetic Condition

Electromagnetic Observability Index (EOI)

Engineering Confidence

Together,
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these provide a complete engineering representation of both the characterized condition and the
confidence associated with that characterization.

7.8 Engineering Principles

The following principles govern Engineering Confidence.

Principle 1

Every engineering assessment shall include an associated Engineering Confidence.
Principle 2

Engineering Confidence shall remain independent of the Electromagnetic Condition.
Principle 3

Engineering Confidence shall be supported by Engineering Evidence.

Principle 4

Engineering Confidence shall preserve engineering traceability.

Principle 5

Engineering Confidence shall communicate assessment reliability rather than environmental
behaviour.

7.9 Normative Requirements
Implementations conforming to EOF shall ensure that Engineering Confidence:
61. accompanies every Electromagnetic Observability Index,

62. is supported by Engineering Evidence,

63. remains explainable,

64. preserves traceability,

65. supports repeatable assessment,

66. remains independent of sensing technologies.

These requirements establish the minimum engineering expectations for Engineering Confidence.

7.10 Engineering Definition

For the purposes of this Engineering Standard, the following definition is established.
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Engineering Confidence is the standardized engineering characterization of the degree of assurance
that an assessed Electromagnetic Condition accurately represents the Electromagnetic State of a
physical space during a defined assessment period.

Engineering Confidence expresses the reliability of engineering understanding.

It does not express the quality of the environment itself.

7.11 Completion of the Assessment Model

With the introduction of Engineering Confidence, the Assessment Model is complete.

Volumes I through III have established the complete engineering progression of the Electromagnetic
Observability Framework.

Physical Space

l

Electromagnetic State

!

Engineering Observation

!

Engineering Evidence

!

Engineering Assessment

!

Electromagnetic Condition

!

Electromagnetic Observability Index (EOI)
+

Engineering Confidence

This progression defines the normative engineering workflow through which electromagnetic
behaviour is transformed into standardized engineering understanding.

7.12 Transition to Volume IV
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The Assessment Model has established how engineers characterize and communicate the
Electromagnetic Condition of physical spaces.

The next volume introduces the Operational and Event Model, defining how changes in the
Electromagnetic Condition give rise to standardized engineering events, operational awareness, and
engineering actions.

Volume IV therefore moves from engineering understanding to engineering operations.
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Operational Model

Chapter 1

Engineering Operations

Engineering Statement
Engineering understanding alone does not constitute engineering practice.

The value of engineering understanding is realized only when it supports continuous observation,
informed decision-making, and appropriate operational action.

Within the Electromagnetic Observability Framework, Engineering Operations represent the
systematic application of Electromagnetic Observability to continuously characterize, communicate,
and manage the Electromagnetic Condition of an Observation Domain throughout its operational
lifecycle.

Engineering Operations transform EOF from an assessment methodology into an operational
engineering discipline.

1.1 Introduction

The previous volumes established that every physical space possesses an Electromagnetic State and
that systematic engineering assessment produces a characterized Electromagnetic Condition,
communicated through the Electromagnetic Observability Index (EOI).

However, engineering assessment represents only one point in time.
Operational environments continuously evolve.

Electromagnetic behaviour changes as people move, systems operate, wireless technologies interact,
and environmental conditions vary.

Consequently, engineering practice requires more than isolated assessments.
It requires continuous engineering operations.

Engineering Operations establish the principles through which the Electromagnetic Condition is
observed, reassessed, communicated, and acted upon throughout the operational life of an
Observation Domain.
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1.2 Purpose

The purpose of Engineering Operations is to ensure that engineering understanding remains relevant
throughout the lifecycle of an operational environment.

Engineering Operations shall:

e maintain continuous awareness of the Electromagnetic Condition,

identify meaningful operational changes,

e support timely engineering reassessment,

e preserve engineering continuity,

e provide a structured basis for operational decision-making.

Engineering Operations therefore extend Engineering Assessment into continuous engineering
practice.

1.3 Engineering Operations versus Engineering Assessment
A clear distinction exists between Engineering Assessment and Engineering Operations.

Engineering Assessment determines the Electromagnetic Condition of an Observation Domain at a
defined point in time.

Engineering Operations manage the continued understanding of that condition as the Observation
Domain evolves.

Engineering Assessment answers:
""What is the Electromagnetic Condition?"
Engineering Operations answer:

"How does the Electromagnetic Condition evolve, and what operational significance does that
evolution have?"

Assessment is therefore episodic.

Operations are continuous.

1.4 Operational Awareness

Operational awareness represents the continuous understanding of the current Electromagnetic
Condition and its evolution over time.
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Operational awareness enables engineers to:
e recognize normal operational behaviour,
e identify meaningful environmental changes,
e understand operational context,
e support engineering investigations,
e maintain confidence in engineering understanding.

Operational awareness is therefore the principal objective of Engineering Operations.

1.5 Continuous Engineering Observation
Engineering Operations assume that the Observation Domain is continuously observable.
Continuous observation does not imply uninterrupted sensing.

Rather, it requires that engineering observations occur at intervals appropriate to the operational
objectives of the Observation Domain.

Observation frequency shall therefore be determined by engineering requirements rather than
technological capability.

This principle ensures that EOF remains applicable across diverse operational environments.

1.6 Operational Continuity
Engineering understanding shall remain continuous throughout the operational lifecycle.

Successive assessments shall contribute to a coherent understanding of environmental evolution rather
than producing unrelated engineering snapshots.

Operational continuity enables engineers to distinguish between:

stable operational behaviour,

gradual environmental evolution,

e temporary disturbances,

persistent operational changes,

significant transitions.

This continuity forms the foundation of meaningful engineering operations.
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1.7 Operational Context

Every Observation Domain operates within a defined engineering context.

Engineering Operations shall always interpret operational behaviour relative to that context.
For example:

A transportation terminal may exhibit continuous fluctuations in electromagnetic activity throughout
the day.

A research laboratory may be expected to exhibit long periods of operational stability.
Neither operational pattern is inherently preferable.

Engineering significance arises only through comparison with the operational objectives of the
Observation Domain.

Operational context therefore governs engineering interpretation throughout Engineering Operations.

1.8 Operational Objectives

Engineering Operations support multiple operational objectives.
These include:

Continuous Awareness

Maintaining an up-to-date understanding of the Electromagnetic Condition.

Environmental Stability

Recognizing whether the Observation Domain behaves consistently with operational expectations.

Operational Investigation

Supporting engineering analysis when meaningful changes occur.

Engineering Decision Support

Providing engineering information to support operational decisions.

Long-Term Understanding

Developing engineering knowledge of environmental behaviour over extended operational periods.
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1.9 Operational Principles
Engineering Operations shall be governed by the following principles.
Principle 1

Engineering Operations shall remain evidence-driven.

Principle 2

Operational understanding shall be based upon continuous Engineering Assessment.

Principle 3

Engineering Operations shall preserve complete engineering traceability.

Principle 4

Operational interpretation shall always consider the context of the Observation Domain.

Principle 5

Engineering Operations shall distinguish between routine operational evolution and meaningful
operational change.

1.10 Engineering Operations Lifecycle

Engineering Operations progress through a continuous operational cycle.

Engineering Observation

Engineering Assessment
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Electromagnetic Condition

Engineering Communication (EOI)

Operational Awareness

Continuous Observation

Engineering Assessment
Unlike the Assessment Lifecycle presented in Volume III, the Operational Lifecycle is iterative.

Each operational cycle builds upon previous engineering understanding, enabling continuous
characterization of the Observation Domain throughout its lifecycle.

1.11 Engineering Definition
For the purposes of this Engineering Standard, the following definition is established.

Engineering Operations are the continuous engineering activities through which the Electromagnetic
Condition of an Observation Domain is maintained, monitored, communicated, and operationally
interpreted using systematic Engineering Observation and Engineering Assessment.

Engineering Operations extend the Assessment Model into continuous engineering practice while
preserving engineering traceability, operational context, and standardized communication.
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1.12 Relationship with the Assessment Model

Engineering Operations do not replace Engineering Assessment.

Engineering Assessment remains the mechanism through which the Electromagnetic Condition is
characterized.

Engineering Operations provide the operational framework within which repeated Engineering
Assessments are performed and interpreted over time.

The Assessment Model therefore establishes engineering understanding.
The Operational Model maintains engineering understanding.

This distinction 1s fundamental to EOF.

1.13 Looking Ahead

This chapter has established the operational philosophy of the Electromagnetic Observability
Framework.

Continuous engineering practice requires not only ongoing assessment but also recognition of
meaningful operational changes.

The next chapter introduces Electromagnetic Events, establishing the standardized engineering
constructs through which significant changes in the Electromagnetic Condition are identified,
classified, and communicated.

Electromagnetic Observability Framework (EOF)
Version 1.0 — Engineering Standard
Volume IV

Operational Model

Chapter 2

Electromagnetic Events

Engineering Statement

Operational environments continuously evolve.
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Changes in electromagnetic behaviour occur naturally as physical activities, wireless systems,
infrastructure, and environmental conditions change.

Not every observable change is operationally significant.

Within the Electromagnetic Observability Framework, an Electromagnetic Event is defined as a
standardized engineering construct representing a meaningful change in the characterized
Electromagnetic Condition of an Observation Domain.

Electromagnetic Events enable Engineering Operations to distinguish routine environmental evolution
from changes that warrant engineering awareness or operational attention.

2.1 Introduction

Engineering assessment characterizes the Electromagnetic Condition of an Observation Domain at
successive points in time.

As operational environments evolve, the Electromagnetic Condition may remain stable, gradually
evolve, or undergo significant transitions.

Engineering Operations require a standardized method of recognizing these meaningful changes.
The purpose of an Electromagnetic Event is therefore not to describe every observation.

Its purpose is to identify engineering-significant changes in the operational behaviour of the
Observation Domain.

Electromagnetic Events represent changes in engineering understanding rather than changes in
individual observations.

2.2 Purpose

Electromagnetic Events provide a structured engineering mechanism through which operational
change may be recognized, communicated, and investigated.

The purpose of Electromagnetic Events is to:
e identify meaningful operational changes,
e preserve operational awareness,
e support engineering investigation,
e cnable standardized operational communication,
e maintain continuity of Engineering Operations.

Electromagnetic Events therefore bridge Engineering Assessment and Engineering Operations.
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2.3 Engineering Events versus Observation Events

EOF distinguishes between Observation Events and Electromagnetic Events.
Observation Events describe changes observed directly by sensing technologies.
Examples include:

11. appearance of a transmitter,

12. disappearance of a signal,

13. variation in received power,

14. changes in occupied spectrum.

These represent observational phenomena.

Electromagnetic Events represent engineering significance derived from Engineering Assessment.
For example,

the appearance of several additional transmitters may constitute an Observation Event.
However,

only when Engineering Assessment determines that the resulting Electromagnetic Condition has
changed meaningfully does an Electromagnetic Event occur.

This distinction ensures that Engineering Operations remain focused upon engineering understanding
rather than sensor activity.

2.4 Characteristics of Electromagnetic Events

Electromagnetic Events possess several defining characteristics.
Assessment-Based

An Electromagnetic Event shall be established through Engineering Assessment.

It shall not be triggered solely by individual observations.

Context-Aware

The engineering significance of an Electromagnetic Event depends upon the operational objectives of
the Observation Domain.

The same observed behaviour may produce different operational significance in different
environments.
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Explainable

Every Electromagnetic Event shall remain traceable to the Engineering Evidence and Engineering
Assessment from which it was established.

Technology Independent

Electromagnetic Events shall remain independent of sensing technologies, communication protocols
and implementation platforms.

Operationally Relevant
An Electromagnetic Event shall represent a change possessing operational engineering significance.

Routine electromagnetic fluctuations shall not necessarily constitute Electromagnetic Events.

2.5 Categories of Electromagnetic Events

EOF recognizes several categories of engineering events.
These categories establish a common engineering vocabulary.
Transition Events

Represent meaningful transitions between Electromagnetic Conditions.

Stability Events

Represent changes affecting the stability of the Observation Domain.

Persistence Events

Represent changes in the continuity of electromagnetic behaviour.

Density Events

Represent meaningful changes in electromagnetic concentration.

Diversity Events

Represent changes in environmental complexity.
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Integrity Events

Represent changes affecting the engineering coherence of the Electromagnetic Condition.

The framework establishes these categories without prescribing computational detection methods.

2.6 Event Significance
Not every Electromagnetic Event possesses equal engineering significance.
Engineering significance shall consider:

11. operational context,

12. engineering objectives,

13. duration,

14. magnitude of change,

15. persistence,

16. assessment confidence.

Engineering significance shall therefore represent an engineering interpretation rather than a
numerical threshold.

2.7 Event Lifecycle

An Electromagnetic Event progresses through a structured operational lifecycle.

Engineering Assessment

Electromagnetic Condition
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Engineering Change Recognition

Electromagnetic Event

Engineering Investigation

Operational Resolution

Continued Engineering Operations
Unlike observations, Electromagnetic Events possess an operational lifecycle.

The event exists only while its engineering significance remains relevant to the Observation Domain.

2.8 Relationship with Engineering Operations
Engineering Operations continuously maintain awareness of the Electromagnetic Condition.

Electromagnetic Events represent discrete operational occurrences within that continuous operational
process.

Operational awareness remains continuous.

Electromagnetic Events represent meaningful interruptions, transitions, or changes requiring
engineering attention.

Thus,

Engineering Operations provide continuity.
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Electromagnetic Events provide operational focus.

2.9 Relationship with the Electromagnetic Condition
Electromagnetic Events do not replace the Electromagnetic Condition.
Rather,

they communicate that a meaningful engineering change has occurred between successive
characterizations of the Electromagnetic Condition.

The Electromagnetic Condition remains the principal engineering characterization.

Electromagnetic Events communicate operationally significant changes in that characterization.

2.10 Engineering Principles
The following principles govern Electromagnetic Events.
Principle 1

Electromagnetic Events shall be derived through Engineering Assessment.

Principle 2

Electromagnetic Events shall represent meaningful engineering change.

Principle 3

Event significance shall remain dependent upon operational context.

Principle 4

Electromagnetic Events shall preserve traceability to Engineering Evidence.

Principle 5

Engineering Operations shall distinguish routine environmental evolution from meaningful
Electromagnetic Events.

2.11 Normative Requirements
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Implementations conforming to EOF shall ensure that Electromagnetic Events:
12. are established through Engineering Assessment,
13. preserve engineering traceability,
14. remain explainable,
15. support operational awareness,
16. remain technology independent,
17. represent engineering significance rather than isolated observations.

These requirements establish the minimum engineering expectations for Electromagnetic Event
characterization.

2.12 Engineering Definition
For the purposes of this Engineering Standard, the following definition is established.

Electromagnetic Event is a standardized engineering construct representing a meaningful change in
the characterized Electromagnetic Condition of an Observation Domain, established through
Engineering Assessment and possessing operational significance within its engineering context.

Electromagnetic Events communicate engineering significance rather than individual electromagnetic
observations.

2.13 Looking Ahead

Engineering Operations require not only recognition of individual Electromagnetic Events but also a
systematic means of describing their operational characteristics.

The next chapter introduces Event Classification, establishing the standardized engineering
taxonomy through which Electromagnetic Events are categorized, prioritized, and communicated
consistently across Observation Domains.
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Operational Model

Chapter 3

Event Classification

Engineering Statement
Effective engineering operations require more than the recognition of Electromagnetic Events.

They require a standardized engineering methodology through which events are described,
interpreted, and communicated consistently.

Within the Electromagnetic Observability Framework, Event Classification establishes the
engineering taxonomy used to characterize Electromagnetic Events according to their engineering
significance, operational context, and behavioural characteristics.

Event Classification enables engineers to communicate operational conditions using a common
engineering language while preserving technology independence and engineering traceability.

3.1 Introduction

An Electromagnetic Event represents a meaningful change in the characterized Electromagnetic
Condition of an Observation Domain.

However, not all events possess the same engineering meaning.
Some events represent gradual environmental evolution.
Others indicate sudden operational transitions.

Some reflect persistent environmental behaviour.

Others indicate temporary disturbances.

Engineering Operations therefore require a standardized classification model that distinguishes the
engineering nature of an event independently of its implementation.

The purpose of Event Classification is to establish that common engineering vocabulary.

Version 1.0 — Foundational Edition
Page



Electromagnetic Observability Framework
Version 1.0 — Foundational Edition

3.2 Purpose
Event Classification serves several engineering objectives.
It enables:
11. consistent engineering communication,
12. standardized event interpretation,
13. comparison of operational conditions,
14. engineering investigation,
15. operational decision support,
16. interoperability between EOF implementations.

The classification model therefore supports the operational use of Engineering Assessment without
prescribing implementation-specific processing methods.

3.3 Engineering Classification Principles
Event Classification within EOF is governed by the following principles.
Engineering First

Classification shall represent engineering significance rather than implementation-specific conditions.

Technology Independence

Classification shall remain independent of sensing technologies, communication protocols, or
software architectures.

Context Awareness

The engineering interpretation of an event shall consider the operational context of the Observation
Domain.

Explainability

Every event classification shall remain traceable to the Engineering Assessment from which it was
established.

Consistency
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Equivalent operational conditions shall produce equivalent event classifications across conforming
implementations.

3.4 Classification Dimensions
An Electromagnetic Event may be characterized using multiple engineering dimensions.
Each dimension represents a distinct engineering perspective.
Behaviour Dimension
Describes the behavioural nature of the event.
Examples include:

13. Transition

14. Stability

15. Persistence

16. Diversity

17. Density

18. Integrity

Temporal Dimension

Describes the behaviour of the event over time.
Examples include:

67. Instantaneous

68. Short Duration

69. Sustained

70. Periodic

71. Continuous

Spatial Dimension
Describes the physical extent of the event.
Examples include:

72. Localized
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73. Zone-Specific
74. Multi-Zone

75. Observation Domain Wide

Operational Dimension

Describes the operational significance of the event.
Examples include:

76. Informational

77. Investigative

78. Operational

79. Critical Engineering Attention

Confidence Dimension
Describes the Engineering Confidence associated with the event characterization.

Engineering Confidence shall accompany every classified Electromagnetic Event.

3.5 Event Classification Hierarchy
EOF adopts a hierarchical event classification model.

Electromagnetic Event

—— Behaviour Classification

—— Temporal Classification

|—— Spatial Classification

— Operational Classification
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L— Engineering Confidence

Each classification dimension contributes to the complete engineering characterization of an
Electromagnetic Event.

No individual dimension shall independently represent the overall engineering significance of the
event.

3.6 Engineering Event Profiles
A classified Electromagnetic Event may be represented as an Engineering Event Profile.

An Engineering Event Profile provides a complete engineering description of an event without
reference to implementation-specific details.

An Engineering Event Profile typically contains:
80. Event Identifier

81. Event Category

82. Behaviour Classification

83. Temporal Classification

84. Spatial Classification

85. Operational Classification

86. Associated Electromagnetic Condition
87. Electromagnetic Observability Index (EOI)
88. Engineering Confidence

89. Assessment Timestamp

The Engineering Event Profile serves as the standardized engineering representation of an
Electromagnetic Event.

3.7 Relationship with Engineering Assessment

Event Classification does not replace Engineering Assessment.

Engineering Assessment establishes the characterized Electromagnetic Condition.
Event Classification describes the operational significance of changes in that condition.
The relationship may therefore be summarized as follows.

Engineering Evidence
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Engineering Assessment

Electromagnetic Condition

Electromagnetic Event

Event Classification

Engineering Event Profile

This sequence preserves the separation between engineering understanding
communication established throughout EOF.

3.8 Engineering Interpretation

Event Classification provides a standardized description of an event.
It does not prescribe operational actions.

Engineering interpretation shall always consider:

90. the operational objectives of the Observation Domain,

91. historical Engineering Assessments,
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92. Engineering Confidence,
93. contextual engineering information.

Operational actions remain the responsibility of Engineering Operations.

3.9 Engineering Principles
The following principles govern Event Classification.
Principle 1

Every Electromagnetic Event shall possess a standardized engineering classification.

Principle 2

Event Classification shall remain independent of sensing technologies.

Principle 3

Classification shall preserve engineering traceability.

Principle 4

Equivalent Electromagnetic Events shall produce equivalent engineering classifications.

Principle §

Engineering Confidence shall accompany every classified event.

3.10 Normative Requirements

Implementations conforming to EOF shall ensure that Event Classification:

94, is derived from Engineering Assessment,
95. preserves engineering traceability,

96. supports standardized communication,
97. remains context aware,

98. remains technology independent,
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99. supports interoperability between conforming implementations.

These requirements establish the minimum engineering expectations for Event Classification.

3.11 Engineering Definition
For the purposes of this Engineering Standard, the following definition is established.

Event Classification is the standardized engineering process through which an Electromagnetic
Event is characterized according to its behavioural, temporal, spatial, operational, and confidence
attributes in order to support consistent engineering communication and operational interpretation.

3.12 Looking Ahead

Individual Electromagnetic Events rarely occur in isolation.

Operational environments often exhibit multiple related events that collectively describe broader
environmental behaviour.

The next chapter introduces Event Correlation, establishing the engineering principles through
which multiple Electromagnetic Events are analyzed together to produce a higher-level understanding
of operational conditions.

Electromagnetic Observability Framework (EOF)
Version 1.0 — Engineering Standard
Volume IV

Operational Model

Chapter 4

Event Correlation

Engineering Statement
Operational environments rarely experience isolated engineering events.

Meaningful operational understanding frequently emerges through the relationship between multiple
Electromagnetic Events occurring across time, space, and operational context.
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Within the Electromagnetic Observability Framework, Event Correlation is the standardized
engineering process through which multiple Electromagnetic Events are interpreted collectively to
establish a higher level of operational understanding.

Event Correlation enables Engineering Operations to recognize engineering situations that cannot be
understood through the interpretation of individual events alone.

4.1 Introduction

Engineering Assessment characterizes the Electromagnetic Condition.

Electromagnetic Events identify meaningful changes in that condition.

Event Classification establishes a standardized engineering description for each event.
However,

engineering understanding often requires the collective interpretation of several related events.

A sequence of individually insignificant events may together represent a meaningful operational
transition.

Similarly,

multiple events observed simultaneously may indicate a broader engineering condition affecting the
Observation Domain.

Engineering Operations therefore require a systematic methodology for correlating related
engineering events.

4.2 Purpose

The purpose of Event Correlation is to establish engineering relationships between multiple
Electromagnetic Events.

Event Correlation enables engineers to:

100. recognize operational patterns,

101. identify related engineering situations,

102. understand environmental evolution,

103. distinguish isolated events from systemic behaviour,
104. support operational investigations.

Event Correlation therefore extends engineering understanding beyond individual operational
occurrences.
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4.3 Engineering Correlation Principles
Event Correlation shall be governed by the following engineering principles.
Relationship-Based

Correlation shall be established through engineering relationships between events rather than simple
temporal coincidence.

Context-Aware

Correlated events shall always be interpreted relative to the operational objectives of the Observation
Domain.

Evidence-Driven

Correlated engineering understanding shall remain traceable to the Engineering Evidence supporting
each contributing event.

Explainable

Engineers shall be able to understand why multiple events have been considered related.

Technology Independent

Correlation shall remain independent of sensing technologies and implementation platforms.

4.4 Correlation Dimensions

Engineering correlation may occur across several dimensions.

Temporal Correlation

Events occurring across successive assessment periods may collectively describe environmental
evolution.

Temporal Correlation supports the recognition of trends, recurring behaviour, and progressive
operational change.
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Spatial Correlation

Events observed within different physical areas of an Observation Domain may collectively describe a
larger operational situation.

Spatial Correlation enables engineers to understand how operational behaviour propagates throughout
an environment.

Behavioural Correlation

Events representing related behavioural characteristics may together indicate changes in the overall
Electromagnetic Condition.

Behavioural Correlation considers the engineering relationship between different classes of events
rather than treating them independently.

Contextual Correlation
Engineering relationships shall consider the operational purpose of the Observation Domain.

The same combination of events may possess different engineering significance depending upon the
operational environment.

Confidence Correlation

Engineering Confidence associated with correlated events contributes to the confidence of the overall
engineering understanding.

Correlation shall therefore preserve Engineering Confidence throughout the operational process.

4.5 Correlated Engineering Situations
A correlated collection of Electromagnetic Events represents an Engineering Situation.

An Engineering Situation describes an operational condition identified through the collective
interpretation of multiple related events.

An Engineering Situation does not replace individual Electromagnetic Events.
Rather,

it provides a broader engineering understanding of their collective significance.
Examples of Engineering Situations may include:

105. Progressive environmental transition
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106. Persistent operational instability

107.  Expanding electromagnetic disturbance
108.  Gradual environmental recovery

109. Sustained operational consistency

Engineering Situations represent operational understanding rather than individual event descriptions.

4.6 Relationship with Engineering Operations

Engineering Operations continuously maintain awareness of the Observation Domain.
Electromagnetic Events identify meaningful operational changes.

Event Correlation integrates those changes into coherent operational situations.

The relationship may therefore be summarized.

Engineering Operations

Electromagnetic Events

Event Classification

Event Correlation

Engineering Situation
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Operational Awareness

Operational awareness therefore emerges through the collective interpretation of correlated
engineering events.

4.7 Operational Continuity
Engineering Situations may persist beyond the lifetime of individual Electromagnetic Events.

As individual events conclude, Engineering Operations shall continue evaluating the overall
Engineering Situation until the operational condition has been resolved or stabilized.

Operational continuity therefore extends beyond discrete engineering events.

This principle enables EOF to characterize long-duration operational behaviour without relying upon
continuously active events.

4.8 Engineering Interpretation

Event Correlation supports engineering understanding.
It does not prescribe operational action.

Engineering interpretation shall consider:

110. correlated event behaviour,

111. Engineering Confidence,

112.  operational objectives,

113. historical Engineering Assessment,

114. current Electromagnetic Condition.

Engineering judgment remains essential throughout the operational process.

4.9 Engineering Principles
The following principles govern Event Correlation.

Principle 1
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Engineering Correlation shall establish relationships between multiple Electromagnetic Events.

Principle 2

Correlation shall preserve Engineering Traceability.

Principle 3

Engineering Situations shall remain explainable through the contributing Electromagnetic Events.

Principle 4

Correlation shall remain technology independent.

Principle 5

Operational understanding shall emerge through correlated engineering interpretation rather than
isolated event analysis.

4.10 Normative Requirements

Implementations conforming to EOF shall ensure that Event Correlation:
115. preserves Engineering Traceability,

116. supports repeatable engineering interpretation,

117. remains explainable,

118. considers operational context,

119. remains technology independent,

120. preserves Engineering Confidence.

These requirements establish the minimum engineering expectations for Event Correlation.

4.11 Engineering Definition

For the purposes of this Engineering Standard, the following definition is established.
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Event Correlation is the standardized engineering process through which multiple Electromagnetic
Events are collectively interpreted to establish Engineering Situations representing broader
operational understanding within an Observation Domain.

Event Correlation extends Engineering Assessment into continuous operational understanding.

4.12 Looking Ahead

Engineering Situations provide engineers with a comprehensive understanding of operational
behaviour.

However,
operational engineering ultimately exists to support informed action.

The next chapter introduces Operational Response, establishing the engineering principles through
which Engineering Situations are interpreted to guide appropriate operational decision-making while
preserving the technology-independent philosophy of the Electromagnetic Observability Framework.

Electromagnetic Observability Framework (EOF)
Version 1.0 — Engineering Standard
Volume IV

Operational Model

Chapter 5

Operational Response

Engineering Statement

The purpose of Engineering Operations extends beyond the observation and characterization of the
electromagnetic environment.

Engineering understanding shall ultimately support informed operational decision-making.

Within the Electromagnetic Observability Framework, Operational Response is the structured
engineering process through which Engineering Situations are evaluated to determine appropriate
engineering actions while preserving traceability, consistency, and technology independence.

Operational Response transforms engineering understanding into engineering action.
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5.1 Introduction

Engineering Assessment establishes the Electromagnetic Condition of an Observation Domain.
Electromagnetic Events identify meaningful operational changes.

Event Correlation integrates related events into Engineering Situations.

The remaining engineering responsibility is to determine how those Engineering Situations should
influence operational practice.

Operational Response provides this capability.
Operational Response does not prescribe implementation-specific actions.

Instead, it establishes the engineering principles that guide operational decision-making across diverse
Observation Domains.

5.2 Purpose

The purpose of Operational Response is to ensure that Engineering Situations are interpreted
consistently and that operational decisions remain grounded in Engineering Assessment.

Operational Response enables engineers to:

121. evaluate Engineering Situations,

122.  determine operational significance,

123. prioritize engineering attention,

124. recommend appropriate engineering actions,
125. maintain operational consistency.

Operational Response therefore bridges engineering understanding and operational execution.

5.3 Engineering Response Principles
Operational Response shall be governed by the following principles.
Evidence-Based

Every Operational Response shall remain traceable to Engineering Evidence through the Assessment
Model.

Context-Aware
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Operational responses shall always consider the operational objectives of the Observation Domain.

An identical Engineering Situation may require different operational responses in different operational
environments.

Proportional

Operational responses shall be appropriate to the engineering significance of the Engineering
Situation.

Routine operational variations shall not produce disproportionate engineering actions.

Explainable

Engineers shall understand the engineering reasoning supporting every Operational Response.

Technology Independent

Operational Response shall define engineering intent rather than implementation-specific procedures.

5.4 Engineering Decision Process

Operational Response progresses through a structured engineering decision process.

Engineering Situation

Engineering Evaluation

Operational Significance
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Engineering Recommendation

Operational Response

Operational Outcome

Each stage contributes to informed operational decision-making while preserving engineering
traceability.

The Engineering Recommendation represents the outcome of engineering reasoning.

The Operational Response represents the application of that recommendation within the operational
environment.

5.5 Categories of Operational Response

EOF recognizes several categories of engineering response.

Continue Monitoring
The current Engineering Situation remains consistent with operational expectations.
No immediate engineering intervention is required.

Engineering Operations continue normal observation and periodic assessment.

Increase Observation
The Engineering Situation warrants additional engineering attention.

Observation frequency, assessment scope, or evidence collection may be increased to improve
engineering understanding.

Engineering Investigation
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The Engineering Situation requires detailed engineering analysis to determine its underlying cause or
operational implications.

The investigation shall remain evidence-based and preserve traceability to previous Engineering
Assessments.

Operational Intervention
Engineering Assessment indicates that operational changes may be appropriate.

The specific intervention remains outside the scope of this Engineering Standard and shall be
determined by organizational policies, operational procedures, or domain-specific requirements.

Assessment Closure
The Engineering Situation has been resolved or has returned to an operationally acceptable condition.

Engineering Operations continue routine monitoring while maintaining historical traceability.

5.6 Relationship with Engineering Confidence

Engineering Confidence shall influence the interpretation of Engineering Situations.
Operational Response shall consider both:

126. the characterized Engineering Situation,

127.  the associated Engineering Confidence.

Engineering Confidence informs the certainty of engineering understanding.

It does not independently determine the operational response.

This distinction ensures that engineering certainty and operational significance remain separate
engineering constructs.

5.7 Operational Traceability

Operational Response shall preserve complete engineering traceability.
Every Engineering Recommendation shall be traceable to:

128. Engineering Evidence,

129. Engineering Assessment,

130.  Electromagnetic Condition,
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131.  Electromagnetic Events,
132. Event Classification,
133. Event Correlation.

Traceability ensures that engineering decisions remain transparent, explainable, and repeatable.

5.8 Operational Continuity
Operational Response represents one stage within the continuous Engineering Operations lifecycle.

Following every Operational Response, Engineering Operations shall continue observing the
Observation Domain to evaluate subsequent environmental evolution.

Operational Response therefore contributes to a continuous cycle of engineering understanding rather
than representing the conclusion of Engineering Operations.

5.9 Relationship with Engineering Operations
The complete operational progression established by Volume IV may now be summarized.

Engineering Operations

Electromagnetic Events

Event Classification

Event Correlation
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Engineering Situation

Operational Response

Continued Engineering Operations

This progression illustrates the continuous operational cycle through which engineering understanding
is maintained and applied throughout the lifecycle of the Observation Domain.

5.10 Engineering Principles

The following principles govern Operational Response.
Principle 1

Operational Response shall be based upon Engineering Assessment.

Principle 2

Operational Response shall preserve engineering traceability.

Principle 3

Engineering Recommendations shall remain technology independent.

Principle 4

Operational significance shall always consider the context of the Observation Domain.

Principle 5
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Operational Response shall support continuous Engineering Operations rather than isolated
operational actions.

5.11 Normative Requirements

Implementations conforming to EOF shall ensure that Operational Response:
134. remains evidence-based,

135. preserves engineering traceability,

136. supports explainable engineering reasoning,

137. considers operational context,

138. remains technology independent,

139.  supports continuous operational assessment.

These requirements establish the minimum engineering expectations for Operational Response.

5.12 Engineering Definition
For the purposes of this Engineering Standard, the following definition is established.

Operational Response is the standardized engineering process through which Engineering Situations
are evaluated to determine appropriate engineering recommendations and operational actions while
preserving evidence-based reasoning, traceability, and technology independence.

Operational Response represents the practical application of engineering understanding within the
Electromagnetic Observability Framework.

5.13 Completion of the Operational Model

With the introduction of Operational Response, the Operational Model is complete.

Volumes I through IV now define the complete engineering progression from physical observation to
operational decision-making.

Physical Space

Electromagnetic State
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Engineering Evidence

Engineering Assessment

Electromagnetic Condition

Electromagnetic Observability Index (EOI)

Engineering Operations

Electromagnetic Events

Engineering Situation

Version 1.0 — Foundational Edition
Page



Electromagnetic Observability Framework
Version 1.0 — Foundational Edition

Operational Response

This progression establishes the complete operational engineering workflow of the Electromagnetic
Observability Framework while maintaining a clear separation between engineering understanding
and implementation-specific execution.

5.14 Transition to Volume V

The previous volumes have established the engineering philosophy, observation discipline,
assessment methodology, and operational practices of EOF.

The next volume introduces the Architecture Model, defining the logical engineering architecture
required to realize the framework in practical implementations.

Volume V transitions from engineering practice to engineering architecture, describing how the
constructs defined in Volumes [-IV may be organized into interoperable architectural components
without prescribing specific technologies or products.

Electromagnetic Observability Framework (EOF)
Version 1.0 — Engineering Standard
Volume IV

Operational Model

Chapter 6

Electromagnetic Operational Lifecycle

Engineering Statement
Engineering understanding is not a single activity performed at one point in time.

Observation Domains continuously evolve, requiring repeated observation, assessment, operational
interpretation, and response.
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Within the Electromagnetic Observability Framework, the Electromagnetic Operational Lifecycle
(EOL) is the standardized engineering lifecycle through which the Electromagnetic Condition of an
Observation Domain is continuously established, maintained, interpreted, and operationally managed.

The Electromagnetic Operational Lifecycle provides the operational continuity that transforms
isolated Engineering Assessments into sustained engineering practice.

6.1 Introduction

Volumes I through III established how the Electromagnetic Condition of an Observation Domain is
characterized.

The preceding chapters of this volume established how Engineering Operations recognize and
interpret meaningful operational change.

However,
operational environments never remain static.
Engineering understanding must therefore evolve continuously.

The purpose of the Electromagnetic Operational Lifecycle is to provide a standardized engineering
model describing the continuous progression of Engineering Operations throughout the lifetime of an
Observation Domain.

6.2 Purpose

The Electromagnetic Operational Lifecycle provides a common engineering framework through
which Observation Domains are continuously managed.

The lifecycle enables engineers to:

140. maintain continuous operational awareness,
141. preserve Engineering Assessment continuity,
142. recognize environmental evolution,

143.  support operational decision-making,

144. ensure repeatable Engineering Operations.

The lifecycle therefore establishes the operational rhythm of EOF.

6.3 Lifecycle Principles

The Electromagnetic Operational Lifecycle shall be governed by the following principles.
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Continuous

Engineering understanding shall be maintained throughout the operational lifetime of the Observation
Domain.

Evidence-Based

Every stage of the lifecycle shall remain supported by Engineering Evidence.

Iterative

Engineering Operations shall repeatedly reassess the Observation Domain as operational conditions
evolve.

Context-Aware

Lifecycle progression shall consider the operational objectives of the Observation Domain.

Traceable

Every operational state shall remain traceable to previous Engineering Assessments and Engineering
Situations.

6.4 Lifecycle Stages

The Electromagnetic Operational Lifecycle consists of six engineering stages.

Stage 1 — Observe
Engineering observations are collected from the Observation Domain.

These observations establish the Engineering Evidence required for Engineering Assessment.

Stage 2 — Assess
Engineering Evidence is systematically interpreted through Engineering Assessment.

The Electromagnetic Condition is characterized and communicated through the Electromagnetic
Observability Index (EOI).
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Stage 3 — Operate
Engineering Operations maintain awareness of the characterized Electromagnetic Condition.

Routine operational monitoring continues.

Stage 4 — Detect
Engineering Operations recognize meaningful changes in the Electromagnetic Condition.

Electromagnetic Events are established where appropriate.

Stage 5 — Evaluate
Electromagnetic Events are classified, correlated, and interpreted as Engineering Situations.

Engineering Recommendations are developed through Operational Response.
Stage 6 — Continue

Engineering Operations continue with updated engineering understanding.

The Observation Domain re-enters continuous observation, beginning the next operational cycle.

6.5 Lifecycle Progression
The complete Electromagnetic Operational Lifecycle may be represented as follows.

Observe

Assess

Operate
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Detect

Evaluate

Continue

Observe
Unlike sequential engineering workflows,
the Electromagnetic Operational Lifecycle is continuous.

Every completed operational cycle contributes additional engineering understanding to future
Engineering Assessments.

6.6 Lifecycle Continuity

The lifecycle does not restart after each Engineering Situation.
Instead,

engineering knowledge accumulates over time.

Successive operational cycles preserve:

145. Engineering Evidence,

146. historical Electromagnetic Conditions,

147. previous Engineering Situations,

148. Engineering Confidence,
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149. operational context.

This continuity enables EOF to characterize long-term environmental evolution rather than isolated
operational snapshots.

6.7 Relationship with Engineering Assessment
Engineering Assessment represents one stage within the Electromagnetic Operational Lifecycle.

The lifecycle extends beyond assessment by incorporating continuous Engineering Operations, Event
Management, Operational Response, and ongoing observation.

Engineering Assessment therefore provides engineering understanding.

The Electromagnetic Operational Lifecycle preserves that understanding throughout operational
practice.

6.8 Relationship with Engineering Operations

Engineering Operations execute the Electromagnetic Operational Lifecycle.

The lifecycle defines the engineering progression.

Engineering Operations implement that progression within the Observation Domain.
The relationship may therefore be summarized.

Electromagnetic Operational Lifecycle

Engineering Operations

Engineering Assessment
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Engineering Situation

Operational Response

Continued Lifecycle
The lifecycle defines what shall occur.

Engineering Operations define how it is continuously achieved.

6.9 Lifecycle Maturity

Observation Domains naturally mature as Engineering Operations continue.
Engineering maturity increases through:

150. accumulated Engineering Evidence,

151. improved Engineering Confidence,

152. refined operational understanding,

153. historical Engineering Situations,

154. continuous Engineering Assessment.

Engineering maturity represents the evolution of engineering understanding rather than the age of the
Observation Domain.

6.10 Engineering Principles
The following principles govern the Electromagnetic Operational Lifecycle.
Principle 1

Engineering Operations shall remain continuous.
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Principle 2

Engineering understanding shall evolve through repeated Engineering Assessment.

Principle 3

Operational continuity shall preserve Engineering Traceability.

Principle 4

Engineering Situations shall contribute to future operational understanding.

Principle 5

Every Observation Domain shall continuously progress through the Electromagnetic Operational
Lifecycle.

6.11 Normative Requirements

Implementations conforming to EOF shall ensure that the Electromagnetic Operational Lifecycle:
155. remains continuous,

156. preserves Engineering Evidence,

157. supports repeatable Engineering Assessment,

158. maintains operational traceability,

159. remains technology independent,

160.  supports long-term Engineering Operations.

These requirements establish the minimum engineering expectations for lifecycle management.

6.12 Engineering Definition
For the purposes of this Engineering Standard, the following definition is established.

Electromagnetic Operational Lifecycle (EOL) is the standardized engineering lifecycle through
which an Observation Domain is continuously observed, assessed, operationally interpreted, and
managed to maintain an up-to-date understanding of its Electromagnetic Condition throughout its
operational lifetime.
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The Electromagnetic Operational Lifecycle establishes the continuous operational foundation of the
Electromagnetic Observability Framework.

6.13 Completion of the Operational Model

With the introduction of the Electromagnetic Operational Lifecycle, the Operational Model is
complete.

Volumes I through IV now establish the complete engineering progression of EOF.

Physical Space

Electromagnetic State

Engineering Evidence

Engineering Assessment

Electromagnetic Condition

Electromagnetic Observability Index (EOI)
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Engineering Operations

Electromagnetic Events

Engineering Situation

Operational Response

Electromagnetic Operational Lifecycle

The Operational Model extends the Assessment Model into a continuous engineering discipline,
ensuring that engineering understanding is maintained throughout the operational life of the
Observation Domain.

6.14 Transition to Volume V

The previous four volumes have established:

161. the philosophical foundations of Electromagnetic Observability,
162.  the Observation Model,

163. the Assessment Model,

164. the Operational Model.
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The next volume introduces the Architecture Model, defining the logical architectural components
required to implement the Electromagnetic Observability Framework while remaining independent of
specific technologies, vendors, or deployment environments.

The Architecture Model explains how EOF is organized, not how software is implemented.

Version 1.0 — Foundational Edition
Page



Electromagnetic Observability Framework
Version 1.0 — Foundational Edition

Electromagnetic Observability Framework

(EOF)

Version 1.0

Foundational Edition

Volume V

Reference Architecture

Author

Kishore Maroju

Version 1.0 — Foundational Edition
Page



Electromagnetic Observability Framework
Version 1.0 — Foundational Edition

Electromagnetic Observability Framework

Version

Foundational

Volume

Reference Architecture

Version 1.0 — Foundational Edition

Page

1.0
Edition



Electromagnetic Observability Framework
Version 1.0 — Foundational Edition

Electromagnetic Observability Framework (EOF)
Version 1.0 — Engineering Standard
Volume V

Architecture Model

Chapter 1

Reference Architecture

Engineering Statement

The Electromagnetic Observability Framework establishes a logical engineering architecture through
which the principles defined in the preceding volumes may be realized in practical implementations.

The Reference Architecture defines the functional organization of Engineering Observation,
Engineering Assessment, Engineering Operations, and Engineering Communication without
prescribing specific technologies, software platforms, deployment models, or implementation
methodologies.

The purpose of the Reference Architecture is to ensure that conforming implementations preserve the
engineering intent of EOF while allowing implementation flexibility.

1.1 Introduction

Volumes 1 through IV established the engineering principles governing Electromagnetic
Observability.

These principles define:

e what shall be observed,

o how Engineering Evidence is established,

e how the Electromagnetic Condition is characterized,

e how Engineering Operations are performed.

The remaining engineering challenge is organizational rather than conceptual.

Engineering implementations require a logical architecture capable of supporting these engineering
activities in a structured, repeatable and interoperable manner.

The Reference Architecture provides this logical organization.
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It defines engineering responsibilities rather than software components.

1.2 Purpose

The Reference Architecture provides a common engineering structure through which EOF may be
implemented consistently.

Its objectives are to:
e organize engineering responsibilities,
e preserve engineering traceability,
e support interoperability,
e separate engineering concerns,
e cnable technology-independent implementations,
e provide architectural consistency across Observation Domains.

The Reference Architecture therefore establishes the engineering blueprint for EOF implementations.

1.3 Architectural Philosophy

The Reference Architecture is founded upon several engineering principles.
Functional Separation
Each architectural layer shall perform a distinct engineering responsibility.

Engineering functions shall not overlap unnecessarily.

Technology Independence

The Reference Architecture shall remain independent of programming languages, operating systems,
communication protocols, cloud providers, hardware platforms, and sensing technologies.

Traceability
Engineering information shall remain traceable throughout the architecture.

Engineering Evidence shall always be traceable to the Engineering Assessment, Electromagnetic
Condition, Electromagnetic Observability Index (EOI), and subsequent Engineering Operations.
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Modularity
Engineering capabilities shall be organized into independent architectural responsibilities.

Implementations may distribute these responsibilities across one or more physical systems.

Extensibility

The architecture shall support future engineering capabilities without altering the foundational
engineering principles established by EOF.

1.4 Architectural Layers
The Reference Architecture consists of seven logical engineering layers.

Each layer represents a unique engineering responsibility.

Layer 1 — Observation Layer
The Observation Layer acquires engineering observations from the Observation Domain.
Its responsibility is to establish Engineering Evidence.
The Observation Layer remains independent of sensing technologies.
Examples of observation sources include:
e wireless communication systems,
e spectrum sensing,
e cenvironmental monitoring,
o future observation technologies.

The framework does not prescribe observation mechanisms.

Layer 2 — Evidence Layer
The Evidence Layer organizes, validates, and preserves Engineering Evidence.
Its responsibilities include:

e cvidence organization,

e cvidence integrity,
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e cvidence traceability,
e evidence continuity.

The Evidence Layer establishes the engineering foundation for subsequent Engineering Assessment.

Layer 3 — Assessment Layer

The Assessment Layer performs Engineering Assessment.
Its responsibilities include:

15. Engineering Interpretation,

16. Behaviour Characterization,

17. Engineering Assessment Metrics,

18. Engineering Assessment Indicators,

19. Assessment Validation,

20. Condition Characterization.

The Assessment Layer transforms Engineering Evidence into the characterized Electromagnetic
Condition.

Layer 4 — Condition Layer
The Condition Layer maintains the characterized Electromagnetic Condition.
It represents the engineering understanding established by the Assessment Layer.

This layer is responsible for preserving the engineering representation of the Observation Domain
independently of operational activities.

Layer 5 — Communication Layer
The Communication Layer standardizes engineering communication.
Its primary responsibilities include:

17. Electromagnetic Observability Index (EOI),

18. Engineering Confidence,

19. Engineering reporting,

20. engineering interoperability.
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This layer communicates engineering understanding without modifying it.

Layer 6 — Operations Layer
The Operations Layer supports continuous Engineering Operations.
Its responsibilities include:

18. Electromagnetic Events,

19. Event Classification,

20. Event Correlation,

21. Engineering Situations,

22. Operational Response,

23. Operational continuity.

This layer transforms engineering understanding into continuous engineering practice.

Layer 7 — Application Layer
The Application Layer enables domain-specific engineering applications.
Examples include:
17. operational dashboards,
18. decision-support systems,
19. digital twins,
20. enterprise integrations,
21. reporting systems,
22. future engineering applications.
EOF does not prescribe application behaviour.

Applications consume engineering understanding produced by the preceding architectural layers.

1.5 Reference Architecture

The logical architecture established by EOF may be represented as follows.
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| Application Layer |

I
L

| Operations Layer |

I
L

| Communication Layer |

| Condition Layer |

| Assessment Layer |

| Evidence Layer |

| Observation Layer |

1

Observation Domain
The architecture represents logical engineering responsibilities.

Implementations may realize these responsibilities using different physical architectures.

1.6 Architectural Relationships

Each architectural layer depends only upon the engineering responsibilities of the preceding layer.
For example:

Observation establishes Engineering Evidence.

Engineering Evidence enables Engineering Assessment.

Engineering Assessment establishes the Electromagnetic Condition.

The Electromagnetic Condition is communicated through the EOI.

Engineering Operations continuously manage the characterized condition.

Applications consume engineering understanding.
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This layered dependency preserves architectural clarity while minimizing coupling between
engineering responsibilities.

1.7 Engineering Traceability

The Reference Architecture preserves complete engineering traceability.

Every Engineering Recommendation shall remain traceable through the architectural layers.
The traceability path may be summarized as follows.

Application

Engineering Operations

EOI

Electromagnetic Condition

Engineering Assessment

Engineering Evidence
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Observation

This bidirectional traceability enables engineers to understand both the origin and operational
consequences of engineering understanding.

1.8 Engineering Principles
The following principles govern the EOF Reference Architecture.
Principle 1

Each architectural layer shall possess a single primary engineering responsibility.

Principle 2

Engineering responsibilities shall remain independent of implementation technologies.

Principle 3

Engineering traceability shall be preserved throughout the architecture.

Principle 4

Architectural layers shall support interoperability between conforming implementations.

Principle 5

Applications shall consume engineering understanding rather than redefine engineering principles.

1.9 Normative Requirements

Implementations conforming to EOF shall ensure that the Reference Architecture:
19. preserves the logical separation of engineering responsibilities,
20. maintains Engineering Traceability,

21. supports technology-independent implementation,
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22. enables interoperability,
23. preserves Engineering Assessment integrity,
24. supports future architectural extensibility.

These requirements establish the minimum engineering expectations for conforming architectures.

1.10 Engineering Definition
For the purposes of this Engineering Standard, the following definition is established.

Reference Architecture is the standardized logical organization of engineering responsibilities
through which the Electromagnetic Observability Framework is implemented while preserving
technology independence, Engineering Traceability, interoperability, and architectural consistency.

The Reference Architecture defines engineering functions rather than implementation technologies.

1.11 Looking Ahead

The Reference Architecture establishes the logical organization of the Electromagnetic Observability
Framework.

Practical implementations require a more detailed understanding of how these engineering
responsibilities are realized as functional components.

The next chapter introduces Logical Engineering Components, defining the architectural building
blocks through which the Reference Architecture may be implemented while preserving the
engineering principles established by EOF.

Electromagnetic Observability Framework (EOF)
Version 1.0 — Engineering Standard
Volume V

Architecture Model

Chapter 2

Logical Engineering Components

Engineering Statement
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The Reference Architecture establishes the logical organization of the Electromagnetic Observability
Framework.

Practical implementations require that this logical organization be expressed through a set of
standardized engineering responsibilities.

Within EOF, these responsibilities are realized through Logical Engineering Components.

Logical Engineering Components represent functional engineering capabilities rather than software
modules, hardware devices, or deployment units.

They provide the architectural building blocks through which conforming implementations realize the
engineering principles established throughout the framework.

2.1 Introduction
Volumes I through IV defined the engineering discipline of Electromagnetic Observability.
Chapter 1 of this volume established the logical architecture supporting that discipline.

The next architectural refinement is the definition of the engineering components that collectively
realize the architecture.

Each Logical Engineering Component performs a clearly defined engineering responsibility.

Together these components establish a complete architectural realization of the Reference
Architecture while remaining independent of implementation technologies.

2.2 Purpose

Logical Engineering Components provide a standardized engineering decomposition of EOF.
They enable:

165. architectural consistency,

166. engineering modularity,

167. implementation flexibility,

168. interoperability,

169. engineering traceability,

170. conformance assessment.

The purpose of these components is not to prescribe implementation.

Rather, they define the minimum engineering responsibilities required by a conforming

implementation.
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2.3 Architectural Philosophy
Logical Engineering Components shall satisfy the following architectural principles.
Single Engineering Responsibility

Each component shall perform one primary engineering responsibility.

Loose Coupling

Components shall exchange engineering information while remaining functionally independent.

Technology Independence

Components shall not imply particular programming languages, cloud providers, communication
protocols, or deployment technologies.

Traceability

Engineering outputs produced by each component shall remain traceable to the Engineering Evidence
from which they originated.

Replaceability

Conforming implementations may replace one implementation of a component without altering the
engineering responsibilities defined by EOF.

2.4 Core Logical Engineering Components

EOF defines the following logical engineering components.

Observation Component

Primary Responsibility

Acquire engineering observations from the Observation Domain.
Engineering Outputs

171. Engineering Observations
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172. Observation Metadata
173. Observation Context

The Observation Component establishes the entry point into the framework.

Engineering Evidence Component
Primary Responsibility

Organize and preserve Engineering Evidence.
Engineering Outputs

174. Engineering Evidence Repository
175.  Evidence Integrity

176. Evidence Traceability

This component ensures that all subsequent engineering activities operate upon verifiable Engineering
Evidence.

Engineering Assessment Component
Primary Responsibility

Transform Engineering Evidence into engineering understanding.
Responsibilities include:

177. Engineering Interpretation

178.  Behaviour Characterization

179. Engineering Assessment Metrics
180. Engineering Assessment Indicators
181. Assessment Validation

182.  Condition Characterization
Engineering Output

Electromagnetic Condition

Engineering Communication Component

Primary Responsibility
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Communicate Engineering Assessment using standardized engineering constructs.
Responsibilities include:

183.  Electromagnetic Observability Index (EOI)

184. Engineering Confidence

185.  Engineering Reports

186. Standardized Engineering Communication

This component never modifies Engineering Assessment.

It communicates it.

Engineering Operations Component
Primary Responsibility

Maintain continuous Engineering Operations.
Responsibilities include:

187.  Event Recognition

188. Event Classification

189. Event Correlation

190. Engineering Situations

191.  Operational Response

This component transforms Engineering Assessment into operational engineering practice.

Application Integration Component

Primary Responsibility

Expose engineering understanding to external engineering applications.
Examples include:

192.  Dashboards

193.  Enterprise Platforms

194. Digital Twins

195.  Operational Decision Support
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196.  Analytics Platforms
197.  Future Engineering Applications
EOF does not prescribe application behavior.

The component exists to make engineering understanding available to applications.

2.5 Component Interactions
Logical Engineering Components cooperate through standardized engineering information.
Their interaction may be summarized as follows.
Observation Component
v
Engineering Evidence Component
v
Engineering Assessment Component
v
Engineering Communication Component
v
Engineering Operations Component
v
Application Integration Component

Information shall progress through engineering responsibilities while preserving complete
Engineering Traceability.

2.6 Component Independence
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Each Logical Engineering Component shall remain architecturally independent.

For example,

the Engineering Assessment Component shall not perform operational decision-making.
Similarly,

the Engineering Operations Component shall not reinterpret Engineering Evidence independently of
Engineering Assessment.

This separation preserves architectural clarity and enables independent evolution of engineering
capabilities.

2.7 Component Collaboration

Although logically independent,

the components collaborate continuously.

Engineering collaboration occurs through standardized engineering constructs including:
198. Engineering Evidence,

199.  Electromagnetic Condition,

200. Electromagnetic Observability Index (EOI),

201. Engineering Confidence,

202. FElectromagnetic Events,

203. Engineering Situations.

This standardized information exchange enables interoperability between independent
implementations.

2.8 Engineering Traceability
The architecture preserves complete engineering traceability across all components.
The engineering traceability path may be summarized as follows.

Observation
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Engineering Evidence

Engineering Assessment

Electromagnetic Condition

Engineering Communication

Engineering Operations

Engineering Applications

Every engineering output shall remain traceable to its originating Engineering Evidence.

2.9 Engineering Principles
The following principles govern Logical Engineering Components.
Principle 1

Each component shall perform a single engineering responsibility.
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Principle 2

Components shall collaborate through standardized engineering constructs.

Principle 3

Engineering Traceability shall be preserved across all components.

Principle 4

Component responsibilities shall remain technology independent.

Principle 5

Logical Engineering Components shall support implementation flexibility while preserving
architectural consistency.

2.10 Normative Requirements

Implementations conforming to EOF shall ensure that Logical Engineering Components:
204. preserve engineering responsibility boundaries,

205. maintain Engineering Traceability,

206. support standardized engineering communication,

207. remain implementation independent,

208. support interoperability,

209. preserve engineering modularity.

These requirements establish the minimum architectural expectations for Logical Engineering
Components.

2.11 Engineering Definition
For the purposes of this Engineering Standard, the following definition is established.

Logical Engineering Component is a standardized architectural construct representing a distinct
engineering responsibility within the Electromagnetic Observability Framework, independent of
implementation technology, deployment model, or software realization.
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Logical Engineering Components define what engineering responsibility shall exist, not how that
responsibility shall be implemented.

2.12 Relationship with the Reference Architecture
The Reference Architecture defines the logical organization of EOF.

Logical Engineering Components realize that organization through clearly defined engineering
responsibilities.

The relationship may be summarized as follows.

Reference Architecture

Logical Engineering Layers

Logical Engineering Components

Implementation Architecture

This progression preserves a clear separation between the engineering standard and implementation-
specific designs.

2.13 Looking Ahead

The Reference Architecture and Logical Engineering Components define what architectural
responsibilities exist within EOF.

Practical implementations also require a standardized understanding of how engineering information
moves between those responsibilities.
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The next chapter introduces Engineering Information Flow, defining the principles governing the
movement, transformation, and preservation of engineering information throughout the
Electromagnetic Observability Framework.

Electromagnetic Observability Framework (EOF)
Version 1.0 — Engineering Standard
Volume V

Architecture Model

Chapter 3

Engineering Information Flow

Engineering Statement

The Electromagnetic Observability Framework establishes a standardized progression through which
engineering information is created, transformed, communicated, and preserved.

Engineering Information Flow defines the movement of standardized engineering constructs
throughout the Reference Architecture while maintaining Engineering Traceability, consistency, and
technology independence.

Engineering Information Flow does not prescribe implementation-specific data exchange
mechanisms.

Instead, it establishes the logical movement of engineering understanding across the framework.

3.1 Introduction

Volumes I through IV defined the engineering constructs that comprise EOF.

Chapter 1 established the Reference Architecture.

Chapter 2 defined the Logical Engineering Components responsible for realizing that architecture.
This chapter establishes how engineering information progresses between those responsibilities.

Engineering Information Flow ensures that engineering understanding develops through a logical
sequence while preserving traceability to the originating Engineering Evidence.
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3.2 Purpose

Engineering Information Flow serves several engineering objectives.
It enables:

210. preservation of Engineering Traceability,

211. consistent engineering communication,

212.  architectural interoperability,

213. separation of engineering responsibilities,

214. repeatable Engineering Assessment,

215. technology-independent implementations.

The purpose of Engineering Information Flow is to standardize engineering understanding rather than
implementation-specific data exchange.

3.3 Engineering Information Principles

Engineering Information Flow shall be governed by the following principles.
Progressive Transformation

Engineering information shall evolve through successive engineering activities.

Each stage contributes additional engineering understanding without altering previously established
engineering meaning.

Preservation
Engineering information shall remain available throughout the operational lifecycle.

Engineering outputs shall not replace their originating Engineering Evidence.

Traceability

Every engineering construct shall remain traceable to its engineering origin.

Consistency

Equivalent Engineering Evidence shall produce equivalent engineering information.
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Technology Independence

Engineering Information Flow shall remain independent of transport protocols, messaging
technologies, storage mechanisms, and software architectures.

3.4 Engineering Information Model

EOF recognizes several categories of engineering information.

Observation Information

Represents engineering observations acquired from the Observation Domain.
Examples include:

216. observation metadata,

217. observation context,

218. observation timestamps,

219. observation identifiers.

Observation Information establishes the starting point of the framework.

Engineering Evidence

Engineering Evidence represents organized engineering observations suitable for Engineering
Assessment.

Engineering Evidence provides the authoritative input to the Assessment Model.

Engineering Assessment Information

Engineering Assessment progressively transforms Engineering Evidence through:
220. Engineering Interpretation,

221. Behaviour Characterization,

222. Engineering Assessment Metrics,

223. Engineering Assessment Indicators,

224. Assessment Validation.
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These activities produce Engineering Assessment Information describing the engineering
understanding developed during assessment.

Electromagnetic Condition

The Electromagnetic Condition represents the characterized engineering understanding of the
Observation Domain.

It is the principal engineering output of the Assessment Model.

Engineering Communication Information

Engineering Communication standardizes the representation of engineering understanding.
This includes:

225.  Electromagnetic Observability Index (EOI),

226. Engineering Confidence,

227. Engineering Reports,

228. Standardized Engineering Communication.

Operational Information

Operational Information supports continuous Engineering Operations.
Examples include:

229. Electromagnetic Events,

230. Event Classifications,

231. Engineering Situations,

232. Operational Responses.

Operational Information extends Engineering Assessment into continuous engineering practice.

3.5 Engineering Information Progression

Engineering Information progresses through the framework according to the following standardized
sequence.

Observation Information
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Engineering Evidence

Engineering Assessment Information

Electromagnetic Condition

Engineering Communication Information

Operational Information

Engineering Applications

Each stage represents an increase in engineering understanding while preserving traceability to all
preceding engineering information.

3.6 Information Transformation
Engineering Information Flow consists of successive engineering transformations.
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Each transformation shall satisfy the following requirements.
Engineering Meaning

The transformation shall increase engineering understanding.

Traceability

The transformation shall preserve complete Engineering Traceability.

Explainability

Engineers shall understand how the transformation occurred.

Repeatability

Equivalent Engineering Evidence shall produce equivalent engineering transformations.

Independence

Engineering transformations shall remain independent of implementation technologies.

3.7 Information Integrity

Engineering information shall maintain integrity throughout the framework.
Integrity includes:

233. completeness,

234. consistency,

235. traceability,

236. continuity,

237.  explainability.

Engineering information shall not lose engineering meaning as it progresses through successive
architectural components.

3.8 Relationship with Logical Engineering Components
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Each Logical Engineering Component consumes one category of engineering information and
produces another.

The relationship may be summarized as follows.
Observation Component
Observation Information
v
Engineering Evidence Component
Engineering Evidence
v
Engineering Assessment Component
Engineering Assessment Information
v
Engineering Communication Component
Engineering Communication Information
v
Engineering Operations Component
Operational Information
v
Application Integration Component

This relationship preserves clear engineering boundaries between architectural responsibilities.

3.9 Engineering Traceability
Engineering Traceability is maintained throughout Engineering Information Flow.

Every engineering construct shall remain traceable to:
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238. originating observations,
239. Engineering Evidence,

240. Engineering Assessment,
241.  Electromagnetic Condition,
242. Engineering Communication,
243.  Operational interpretation.

Engineering Traceability enables engineers to understand both the origin and operational significance
of engineering information.

3.10 Engineering Principles
The following principles govern Engineering Information Flow.
Principle 1

Engineering information shall progress through standardized engineering transformations.

Principle 2

Engineering Traceability shall never be lost.

Principle 3

Engineering information shall preserve engineering meaning.

Principle 4

Engineering information shall remain technology independent.

Principle 5

Engineering information shall support interoperability between conforming implementations.

3.11 Normative Requirements

Implementations conforming to EOF shall ensure that Engineering Information Flow:
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244. preserves Engineering Traceability,

245.  supports repeatable engineering transformations,
246. maintains information integrity,

247. remains implementation independent,

248. preserves engineering meaning,

249. supports interoperability.

These requirements establish the minimum engineering expectations for Engineering Information
Flow.

3.12 Engineering Definition
For the purposes of this Engineering Standard, the following definition is established.

Engineering Information Flow is the standardized progression of engineering information through
the Electromagnetic Observability Framework, whereby engineering understanding is successively
established, transformed, communicated, and operationally applied while preserving Engineering
Traceability, information integrity, and technology independence.

3.13 Relationship with the Architecture Model

The Architecture Model may now be understood through three complementary architectural views.

Reference Architecture

Defines
v

Architectural Layers

Logical Engineering Components
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Engineering Information Flow

Together these three architectural views define:

250. where engineering responsibilities exist,

251.  who performs those responsibilities,

252. what engineering information flows between them.

This completes the conceptual architecture of EOF.

3.14 Looking Ahead

The preceding chapters have defined the structural organization of EOF.
Practical implementations must also understand how architectural components cooperate over time.

The next chapter introduces Architectural Interaction Model, establishing the engineering
principles governing collaboration, coordination, and dependency between Logical Engineering
Components during continuous Engineering Operations.

Electromagnetic Observability Framework (EOF)
Version 1.0 — Engineering Standard
Volume V

Architecture Model

Chapter 4

Engineering Interaction Model

Engineering Statement

The Electromagnetic Observability Framework establishes a logical architecture composed of distinct
engineering responsibilities.

Although these responsibilities remain architecturally independent, they operate collectively to
establish continuous Engineering Assessment and Engineering Operations.

The Engineering Interaction Model defines the standardized principles governing collaboration
between Logical Engineering Components while preserving engineering responsibility, traceability,
modularity, and technology independence.
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The Engineering Interaction Model specifies engineering collaboration, not software
communication.

4.1 Introduction

The Reference Architecture defines the organization of engineering responsibilities.
Logical Engineering Components define those responsibilities.

Engineering Information Flow defines the movement of engineering information.

The remaining architectural consideration is the manner in which these engineering responsibilities
cooperate.

Engineering Interaction provides this architectural capability.

Rather than prescribing implementation mechanisms, the Engineering Interaction Model establishes
the logical relationships required for the continuous operation of EOF.

4.2 Purpose

The Engineering Interaction Model serves several architectural objectives.
It enables:

253. coordinated Engineering Assessment,

254.  continuous Engineering Operations,

255.  consistent engineering collaboration,

256. preservation of engineering boundaries,

257.  interoperability,

258. architectural extensibility.

The Engineering Interaction Model therefore governs engineering cooperation rather than
implementation communication.

4.3 Engineering Interaction Principles
Engineering interactions shall satisfy the following principles.
Responsibility Preservation

Each Logical Engineering Component shall maintain its primary engineering responsibility.
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Interactions shall not redistribute engineering responsibilities.

Controlled Collaboration

Engineering collaboration shall occur only through standardized engineering constructs.

Traceability

Every engineering interaction shall preserve complete Engineering Traceability.

Independence
Logical Engineering Components shall remain independently evolvable.

Interactions shall not introduce unnecessary architectural dependencies.

Technology Independence

Engineering interactions shall remain independent of communication technologies, deployment
architectures, and implementation platforms.

4.4 Interaction Categories

EOF recognizes several categories of engineering interaction.

Sequential Interaction

Engineering understanding progresses through successive engineering activities.
Examples include:

Observation

l

Engineering Evidence

!

Engineering Assessment

l

Electromagnetic Condition

Version 1.0 — Foundational Edition
Page



Electromagnetic Observability Framework
Version 1.0 — Foundational Edition

Sequential Interaction represents the normal progression of Engineering Assessment.

Collaborative Interaction

Multiple Logical Engineering Components cooperate to establish engineering understanding while
preserving independent responsibilities.

Collaborative Interaction supports continuous Engineering Operations without requiring centralized
architectural control.

Feedback Interaction

Engineering outputs generated during operational activities may contribute to subsequent Engineering
Assessment.

Historical Engineering Situations, Engineering Confidence, and previous Electromagnetic Conditions
provide valuable engineering context for future assessments.

Feedback Interaction enables continuous engineering learning without altering previously established
Engineering Evidence.

External Interaction
Engineering understanding may be communicated to external engineering systems.

External Interaction supports dashboards, enterprise systems, Digital Twins, research platforms, and
future engineering applications.

The internal engineering responsibilities of EOF remain unaffected by these external interactions.

4.5 Engineering Interaction Pattern
The Engineering Interaction Model may be represented as follows.

Observation

v

Engineering Evidence

v

Engineering Assessment
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\4

Electromagnetic Condition
v

Engineering Communication
v

Engineering Operations
v

Engineering Applications
A

Engineering Feedback

The interaction pattern illustrates both forward engineering progression and continuous operational
feedback.

4.6 Interaction Responsibilities

Each interaction shall preserve clearly defined engineering responsibilities.

For example:

The Observation Component shall not perform Engineering Assessment.

The Engineering Assessment Component shall not generate Operational Responses.

The Engineering Communication Component shall communicate engineering understanding without
modifying it.

Engineering Operations shall interpret Engineering Assessment without redefining Engineering
Evidence.

These responsibility boundaries preserve the architectural integrity of EOF.
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4.7 Interaction Consistency

Equivalent engineering situations shall produce equivalent engineering interactions.
Consistency shall be maintained through:

259. standardized engineering terminology,

260. Engineering Traceability,

261. Engineering Information Flow,

262. architectural responsibility boundaries.

Engineering consistency ensures interoperability between independent implementations.

4.8 Interaction Independence

Engineering interactions shall not depend upon implementation architecture.
Whether components are implemented:

263. within one application,

264. across distributed services,

265. on embedded systems,

266.  within cloud platforms,

267. across multiple organizations,

the engineering interactions defined by EOF remain unchanged.

This principle ensures that architectural conformance depends upon engineering behavior rather than
implementation design.

4.9 Relationship with Engineering Information Flow

Engineering Information Flow describes what engineering information progresses through the
framework.

The Engineering Interaction Model describes how engineering responsibilities cooperate while
exchanging that information.

Together they establish the operational behavior of the Reference Architecture.
The relationship may therefore be summarized.
Engineering Information Flow
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Engineering Interaction

Engineering Collaboration

Continuous Engineering Operations
Information provides engineering meaning.

Interaction provides engineering coordination.

4.10 Engineering Principles
The following principles govern the Engineering Interaction Model.
Principle 1

Engineering interactions shall preserve architectural responsibility.

Principle 2

Engineering collaboration shall occur through standardized engineering constructs.

Principle 3

Engineering interactions shall preserve Engineering Traceability.

Principle 4

Engineering interactions shall remain technology independent.
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Principle 5

Engineering interactions shall support continuous Engineering Operations.

4.11 Normative Requirements

Implementations conforming to EOF shall ensure that Engineering Interactions:
268. preserve engineering responsibilities,

269. support standardized Engineering Information Flow,

270. maintain Engineering Traceability,

271. remain implementation independent,

272. support interoperability,

273.  enable architectural extensibility.

These requirements establish the minimum engineering expectations for Engineering Interactions.

4.12 Engineering Definition

For the purposes of this Engineering Standard, the following definition is established.

Engineering Interaction is the standardized architectural collaboration between Logical Engineering
Components through which engineering responsibilities cooperate while preserving Engineering
Traceability, architectural independence, and technology neutrality.

Engineering Interactions define the relationships between engineering responsibilities rather than
implementation-specific communication mechanisms.

4.13 Architectural Collaboration Model

The Architecture Model now consists of four complementary architectural perspectives.

Reference Architecture

Logical Engineering Components
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Engineering Information Flow

Engineering Interaction Model

Collectively, these perspectives define:

274. the architectural organization,

275.  engineering responsibilities,

276. movement of engineering information,

277. collaboration between engineering responsibilities.

Together they establish the logical behavior of the Electromagnetic Observability Framework.

4.14 Looking Ahead

The previous chapters have defined the static architecture and its operational behavior.

Practical implementations must also ensure that engineering information and architectural interactions
preserve their integrity over time.

The next chapter introduces Architectural Conformance, establishing the engineering principles
through which implementations demonstrate compliance with the Electromagnetic Observability
Framework while maintaining flexibility in technology, deployment, and implementation design.
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Architecture Model

Chapter 5

Architectural Conformance

Engineering Statement

The Electromagnetic Observability Framework establishes a standardized engineering architecture
intended to support consistent implementation across diverse technologies and operational
environments.

To preserve the integrity of the framework, implementations shall demonstrate conformance to the
architectural principles defined by EOF rather than adherence to a particular software architecture,
deployment model, or technology stack.

Architectural Conformance defines the engineering criteria through which implementations
demonstrate faithful realization of the Electromagnetic Observability Framework.

5.1 Introduction
Volumes I through IV established the engineering discipline of Electromagnetic Observability.

The preceding chapters of this volume defined the architectural organization supporting that
discipline.

Architectural conformance provides the final architectural element.

Its purpose is to establish a consistent method of determining whether an implementation preserves
the engineering intent of EOF.

Conformance evaluates engineering behaviour rather than implementation technology.

5.2 Purpose
Architectural Conformance enables:

278. preservation of engineering principles,
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279. implementation consistency,
280. interoperability,

281. architectural integrity,

282. technology independence,
283. future extensibility.

Conformance therefore protects the engineering identity of EOF while encouraging implementation
innovation.

5.3 Conformance Philosophy
EOF adopts a principle-based conformance model.

Conformance is determined by the preservation of engineering responsibilities rather than
implementation details.

Consequently:

1. EOF does not require specific programming languages.
2. EOF does not require particular deployment models.

3. EOF does not prescribe databases.

4, EOF does not prescribe communication protocols.

5. EOF does not prescribe cloud providers.

Instead,

EOF requires that implementations preserve the engineering concepts and architectural
responsibilities established by this standard.

5.4 Levels of Conformance

EOF recognizes three levels of architectural conformance.

Conceptual Conformance
An implementation preserves the engineering concepts defined by EOF.
This includes:

1. Engineering Evidence,
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Engineering Assessment,
Electromagnetic Condition,
Electromagnetic Observability Index (EOI),

Engineering Operations.

Conceptual Conformance demonstrates adherence to the engineering philosophy of the framework.

Architectural Conformance

An implementation preserves the logical architecture defined by EOF.

This includes:

1.

2.

3.

4,

5.

architectural responsibility separation,
Engineering Information Flow,
Engineering Interaction,

Engineering Traceability,

engineering modularity.

Architectural Conformance demonstrates adherence to the Reference Architecture.

Operational Conformance

An implementation preserves the continuous Engineering Operations defined by EOF.

This includes:

1.

2.

6.

Engineering Assessment,
Electromagnetic Events,
Event Classification,
Event Correlation,
Engineering Situations,

Operational Response.

Operational Conformance demonstrates adherence to the Operational Model.

5.5 Conformance Principles
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Architectural Conformance shall satisfy the following engineering principles.
Engineering Integrity

Implementations shall preserve the engineering intent of EOF.

Architectural Independence

Equivalent engineering architectures may be realized through different implementation technologies.

Traceability

Engineering Traceability shall remain complete throughout the implementation.

Consistency

Equivalent engineering situations shall produce equivalent engineering outcomes.

Explainability

Conforming implementations shall explain how engineering understanding is established.

5.6 Conformance Evaluation

Architectural Conformance shall evaluate engineering capabilities rather than implementation
technologies.

Evaluation shall consider:

1. engineering responsibilities,

2. architectural organization,

3. Engineering Information Flow,
4. Engineering Interaction,

5. Engineering Traceability,

6. operational continuity.

The evaluation shall not consider:
1. programming languages,
2. frameworks,
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3.

4,

operating systems,
hardware vendors,

deployment technologies.

5.7 Conformance Criteria

A conforming implementation shall demonstrate that it:

1.

2.

6.

7.

establishes Engineering Evidence,

performs Engineering Assessment,

characterizes the Electromagnetic Condition,
communicates Engineering Assessment through the EOI,
supports continuous Engineering Operations,

preserves Engineering Traceability,

maintains architectural responsibility boundaries.

These criteria define the minimum architectural expectations of EOF.

5.8 Relationship with Reference Architecture

Architectural Conformance evaluates every aspect of the Reference Architecture.

The relationship may be summarized as follows.

Engineering Framework

Reference Architecture

Logical Engineering Components
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Engineering Information Flow

Engineering Interaction Model

Architectural Conformance
Each architectural layer contributes to overall conformance.

No individual architectural element independently establishes conformance.

5.9 Engineering Principles
The following principles govern Architectural Conformance.
Principle 1

Conformance shall evaluate engineering responsibilities rather than implementation technologies.

Principle 2

Engineering Traceability shall remain demonstrable.

Principle 3

Architectural responsibility boundaries shall be preserved.

Principle 4

Equivalent engineering understanding shall produce equivalent architectural behaviour.
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Principle §

Conformance shall support future architectural evolution.

5.10 Normative Requirements

Implementations conforming to EOF shall ensure that:

1. engineering responsibilities remain distinguishable,
2. Engineering Information Flow is preserved,

3. Engineering Interaction remains consistent,

4, Engineering Traceability is maintained,

5. architectural independence is preserved,

6. technology choices do not alter engineering meaning.

These requirements establish the minimum architectural expectations for conformance.

5.11 Engineering Definition
For the purposes of this Engineering Standard, the following definition is established.

Architectural Conformance is the demonstrated preservation of the engineering principles, logical
architecture, engineering responsibilities, information flow, interactions, and traceability defined by
the Electromagnetic Observability Framework, independent of implementation technology.

Architectural Conformance establishes confidence that an implementation faithfully realizes the
engineering intent of EOF.

5.12 Completion of the Architecture Model

With the introduction of Architectural Conformance, the Architecture Model is complete.
Volume V establishes five complementary architectural perspectives.

Reference Architecture

Logical Engineering Components
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Engineering Information Flow

Engineering Interaction Model

Architectural Conformance

Together, these perspectives define how EOF shall be organized, how engineering responsibilities
collaborate, how engineering understanding progresses, and how implementations demonstrate
faithful realization of the framework.
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