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The new importance of critical infrastructures

Today, fiber-optic networks are much more than telecommunications infrastructure. They connect private
households, mobile sites, corporate networks, data centers, cloud platforms, energy suppliers, transport
systems, authorities and industrial sites. Without this optical infrastructure, digital services, Al applications,
distributed computing power, financial transactions, smart grids and modern administrative processes will
not function reliably. Fiber optics have thus gone from being a transport medium to a strategic component of
critical infrastructure.

The requirements for operators have changed accordingly. In the past, the focus was often on bandwidth,
reach and area expansion. Today, it is no longer enough to lay additional fibers or provide new connections.
The decisive factor is whether the infrastructure has been demonstrably built with high quality, whether its
condition remains continuously transparent, whether risks are detected at an early stage and whether
operators can derive reliable decisions from the data collected.

Grid resilience is thus becoming a leitmotif. Resilience doesn't just mean redundancy or quick repair after an
outage. Resilience describes the ability of an infrastructure to identify risks, assess changes, avoid
disruptions and maintain operations even under difficult conditions. To achieve this, expansion, certification,
monitoring, analytics, infrastructure protection and timing resilience must be thought of together.

That's why a modern lifecycle approach doesn't just start in the Network Operations Center. It already
begins with planning and expansion. The data generated during the construction phase becomes a digital
reference for later operation. Monitoring compares current states with this reference. Analytics detects
patterns and trends. Fiber sensing extends the view from the optical link to physical risks along the route. It
is only this combination that makes fiber-optic networks manageable in the long term.

Grid resilience starts with expansion

Another point is often underestimated: Expansion certification not only creates technical security, but also
operational scalability. When construction partners deliver their results in a centralized system, project
managers can compare progress, quality, and variances across regions. Individual acceptance protocols
become a control instrument for large expansion programs. Especially for high-fiber cables, DCI lines and
backbone extensions, this reduces the dependence on manual tests and individual empirical values.

For the later operational phase, it is also crucial that the certification does not remain isolated. A
measurement that is only stored as a PDF quickly loses its value. If, on the other hand, the same
measurement is integrated into the monitoring and analytics environment as a usable reference, a
continuous data thread is created from removal to maintenance. In this way, every new fiber becomes part
of a long-term infrastructure model from the very beginning.

The quality of a fiber-optic network is not only decided during operation. Many later problems arise during
expansion: dirty connectors, poor splices, faulty fiber assignments, incomplete documentation or non-



reproducible acceptance measurements. Such deviations may initially remain inconspicuous, but later
develop into activation problems, service interruptions or costly fault clearances.

Finishing quality is therefore not a purely technical secondary requirement. It affects project speed,
operating costs, customer satisfaction, and SLA fulfillment. A cleanly certified network can be activated more
quickly, operated more clearly and maintained in a more targeted manner. A network without consistent
certification, on the other hand, creates uncertainty: Which fiber meets the requirements? Which
measurement is valid? Which route has been changed? What is the responsibility of the contractor, the
operator or the customer?

Standardization is crucial, especially in large-scale expansion programs. Operators often work with different
construction partners, regions, and processes. Without central quality control, different interpretations of
"finished", "approved" or "ready for service" arise. Automated certification processes create uniform criteria,
reduce manual errors and enable a traceable transfer from expansion to operation.

ONMS:I addresses this need through central testing, certification and monitoring processes. The platform
combines fiber test heads, software, mobile access, reports, and integrations into a common operating
environment. Measurement campaigns can be planned, executed, documented and later reused for
operation. This makes the quality of the expansion a measurable and long-term usable component of the
infrastructure.

Certification as a digital reference

The digital reference also helps to deal with repairs and conversions. After an intervention, a line can
technically function again, but its visual profile has changed. Without updating the reference, this change
may generate recurring alarms or make it difficult to interpret future measurements. A clean current
certificate logic prevents the company from permanently working against outdated data.

This discipline is particularly important for operators with high network complexity. The more fiber pairs,
pathways, transfer points, and after-sales services are connected, the greater the value of consistent
documentation. The reference is therefore not just a measurement data set, but a common anchor of truth
for planning, NOC, field service, wholesale, enterprise sales and management.

Certification is more than an acceptance protocol. It creates a digital reference of the network. Each
measured fiber receives a documented initial state. This initial state contains information about length,
losses, events, and quality parameters. Later measurements can be compared against this reference. This
makes changes visible that would be difficult to interpret without a basis for comparison.

This logic becomes particularly important when networks grow over months or years. A fiber can be
switched, repaired, extended, or spliced again multiple times after the original handover. Without an updated
reference, there is a growing gap between the documented state and the real infrastructure. Then each
alarm becomes more difficult to evaluate because it is unclear whether a deviation is new, known or caused
by an undocumented intervention.

Concepts such as Birth Certificate and Current Certificate help to better structure this life cycle. The first
certification describes the original condition at handover. A current certification can be used after repairs,
conversions or requalification to describe the current valid reference condition. This creates a clear point of
reference for the company.

The benefits go beyond technical measurements. A robust digital reference supports accountability, SLA
management and audit capability. It helps to prove the quality of fit-out to contractors, to document repairs
properly and to base customer discussions on facts. In critical infrastructures, this traceability becomes an
essential element of governance.



Metro, Backbone and DCI Networks: Why the Requirements Go Beyond
FTTH

With Al and cloud infrastructures, there's another factor: speed of deployment. New capacities often have to
be activated under high time pressure. If the fiber is not tested again until the day of commissioning, there is
a risk of a late surprise. A remote test and monitoring approach, on the other hand, allows the route to be
validated regularly during the waiting time between handover and TX installation. This makes commissioning
easier to plan.

The form factor also plays a role for operators of in-line amplifier locations and meet-me rooms. Space,
energy and operating costs are limited resources. Compact remote test architectures can be integrated into
existing environments while still creating a permanent view of fiber quality. This not only improves the
technology, but also the economic usability of scarce infrastructure space.

DCI routes also differ in their high business density. A single connection can support multiple applications,
tenants, or compute clusters. The importance of a fibre link is therefore not only measured by its length, but
also by the services that depend on it. Monitoring and analytics provide the context to prioritize such critical
connections accordingly.

FTTH projects have strongly coined the term expansion certification, but the meaning goes much further.
Metro, backbone, long-haul and data center interconnect networks even place particularly high demands on
quality, transparency and operational security. While a fault in the local loop affects individual customers, a
fault in a metro or backbone connection can affect many services, locations and customers at the same
time.

Metro networks connect enterprise locations, cellular aggregation, edge data centers, Internet exchanges,
and regional handover points. They are often densely meshed, structurally complex and heavily affected by
third-party interventions. Construction work, road projects, relocations and expansions increase the risk of
damage or documentation deviations. Continuous monitoring and accurate localization help to make this
complexity operationally manageable.

Backbone and long-haul networks take on a different role. They connect cities, regions, countries, and
strategic data center locations. Here, optical budgets, route lengths, splice quality, event behavior and
reserves are decisive for transmission technology. A backbone outage is rarely a local problem. It can affect
carriers, enterprise customers, financial services, cloud applications, or public services. Therefore, the
infrastructure must not only be built, but also permanently qualified and monitored.

Datacenter Interconnect has become one of the most important growth drivers through cloud and Al
infrastructures. Al clusters, GPU fabrics, distributed data centers, and hyperscaler campuses require high-
performance optical connections with predictable parameters. Incorrect length or attenuation can have an
immediate impact on the selection of transceivers, amplifiers, and transmission systems. Certification thus
becomes an integral part of investment security.

A special DCI pain point arises between fiber transfer and activation. Dark fiber links are often handed over,
while the transmission technology is installed later. During this time, a fiber can be damaged, switched or
incorrectly documented. If the problem is discovered just before the turn-up, delays, additional costs and
unplanned escalations are incurred. Ready-for-Service Assurance bridges this gap by not only testing the
fiber once, but validating it repeatedly during the deployment phase.

For hyperscalers, this visibility is mission-critical. The establishment of new data center connections is
closely linked to supply chains, construction schedules and commissioning dates. Any uncertainty in the
fiber optic route can delay the start of a site. Remote fiber testing and continuous monitoring help to avoid
surprises shortly before activation and to provide the connection "first time right".



Dark Fiber Provider: From Infrastructure Operator to Data Provider

This development is also changing the relationship between dark fiber provider and customer. Instead of just
reacting to incident tickets, the provider can proactively provide information: Which route is stable? Which
sections were inspected? What changes have been observed? What measures have been initiated? This
creates a professional dialogue about infrastructure quality instead of a purely reactive escalation
relationship.

For providers with several customer segments, this opens up different positions. Hyperscalers need visibility
into DCI and Al locations. Financial service providers pay attention to availability and verifiability. Authorities
and critical infrastructures focus on risk, security and governance. Data-based fiber optic reports can be
prepared differently for these target groups without changing the technical basis.

Dark fiber providers are facing a strategic change. In a competitive market, it is not enough to offer fiber
pairs, routes or availability in the long term. Customers increasingly expect proof of quality, stability and
operational risks. Hyperscalers, financial institutions, data center operators, government agencies, and large
enterprise customers in particular want to understand the physical basis on which their services are running.

This shifts value creation. Fiber optics remain the product, but data is becoming a differentiator. A provider
who sells only one route often competes on price. A vendor that additionally provides objective quality data,
historical stability, continuous monitoring, and customizable reporting sells trust. Passive infrastructure is
becoming a data-based service offering.

Customer-Facing Fibre Insight Reports are an example of this development. Such reports can show how a
route behaves over time, whether certain sections remain stable, which events have occurred and whether
the infrastructure is within defined parameters in the long term. For customers, this reduces uncertainty. It
gives vendors the opportunity to build premium SLAs, differentiated classes of service, and data-based
contract models.

Transparency is also valuable when dealing with several network participants. End-to-end connections can
consist of segments of different providers. When a problem arises, rapid demarcation is crucial. Monitoring
and certification data help to clarify responsibility and speed up troubleshooting. This reduces friction
between operators, integrators, construction partners and end customers.

For dark fiber providers, this means a cultural change. The question is no longer just: "What fiber can we
rent?" The more important question is: "What fiber can we offer with reliable data, traceable quality and long-
term transparency?" Those who answer this question can evolve from an interchangeable infrastructure to
an intelligent fiber platform.

Continuous monitoring and operational safeguarding

A practical benefit lies in the reduction of blind phases. Especially with unlit or not yet actively used fibers,
there is often no visibility from active network devices. Nevertheless, these fibers can be damaged.
Continuous remote testing closes this gap and ensures that the route between handover and activation
remains in view.

Monitoring also supports the assignment of errors at multiple levels. An alarm can be viewed at the port, link,
cable, location, or domain level. This allows individual fiber problems to be distinguished from broader cable
events. For the NOC, this differentiation is important because it determines whether a single service, an
entire cable or a critical corridor is affected.

When monitoring data is integrated into ticketing, GIS or OSS processes, a closed process from detection to
remediation is created. The system detects a deviation, locates the location, provides context, informs the
operation, and supports the subsequent validation of the repair. This end-to-end process is the decisive
difference between measurement and operational validation.



After expansion and certification, the longest phase in the life cycle begins: operation. In many
organizations, operations have traditionally been reactive. Only when customers report a fault or active
systems generate alarms does troubleshooting begin. This model is expensive, slow and insufficient,
especially for critical services. Modern operators need a continuous view of physical fiber infrastructure.

Fiber monitoring creates this view through regular or event-based measurements. Current measured values
are compared with reference data. Deviations are detected, evaluated and localized. The real added value is
not only in recognizing a fiber break. It is crucial to make even minor degradations, unstable events or
changes visible at an early stage.

The combination with GIS and inventory data significantly increases the operational benefit. A visual
distance alone is only of limited help for the field service. If the system links the fault location with cable
routes, shafts, joints, landmarks, customer services and geographical information, an actionable situation
picture is created. Technicians then don't go out to look for the fault, but to fix it.

Monitoring also supports alarm prioritization. Not every deviation has the same business relevance. An
event on a main route, a DCI line or a critical mobile phone connection must be assessed differently than an
isolated anomaly in a less critical segment. By linking it to topology and service context, the company can
use its resources in a more targeted manner.

Another benefit is validation after repairs. After an intervention, it must be ensured that the fiber works
cleanly again and that the reference is updated. Automated re-referencing and clear labeling of current
certificates reduce the risk of old references leading to false alarms or misinterpretations. This makes
monitoring a closed operating process.

Fiber Analytics: Data as a Differentiator

The greatest impact comes when analytics is used both internally and externally. Internally, analytics
supports planning, maintenance, and risk management. Externally, the same database can be translated
into understandable customer reports. These reports do not have to show every technical detail, but the
statements relevant to the customer: stability, quality, event history, risk development and readiness for
critical services.

Another use case is the evaluation of construction and repair quality. If certain regions, contractors or route
types show anomalies more often than average, the operator can make targeted adjustments. This makes
analytics a tool for quality management. The data not only helps to find errors, but also to identify systematic
causes.

Analytics can also be valuable for network planning and routing. If several possible routes are available, the
decision can be made on the basis of long-term stability and degradation risk. This is especially relevant for
critical customers, DCI connections, and premium SLAs. The best route is then not only the shortest or
cheapest, but the most resilient.

Fiber analytics is the logical further development of monitoring. While monitoring detects individual events,
Analytics evaluates developments over time. The central question is no longer just: "Where is a fault?" Much
more important are questions such as: "Which route shows the least degradation in the long term? Which
routes are repeatedly conspicuous? Which construction partners deliver the most stable results? Which
assets should be modernized as a priority?"

These questions are equally relevant for operators of FTTH, metro, backbone, DCI and dark fiber networks.
Historical measurement data shows whether an infrastructure remains stable or changes. Recurring events
can indicate structural risks, environmental conditions or weak points. Comparable KPIs enable an objective
evaluation of routes, regions, construction partners or customer services.

For the company, this results in a transition from reactive fault clearance to preventive maintenance. If
trends are identified early, measures can be planned before a failure occurs. This reduces emergency



interventions, improves predictability and increases the availability of critical services. At the same time, the
field service can be deployed more efficiently because operations are concentrated on actual risk areas.

A new basis for decision-making is created for management. Investments in expansion, redundancy, repair,
route protection or migration can be based on real infrastructure data. Instead of blanket programs,
measures can be prioritized where risk, customer impact or strategic importance are highest. This not only
improves grid resilience technically, but also makes it economically controllable.

For dark fiber providers, analytics also opens up commercial potential. Customers want to know which route
is stable, which fiber shows low degradation in the long term, and how secure their service is against
physical risks. Data-based reports can answer these questions. This makes analytics a part of customer
communication, SLA management, and premium positioning.

The real strength lies in the combination of transparency and trust. A provider that objectively documents
how its infrastructure behaves reduces customer uncertainty. He can not only assert quality, but show it. In
markets where dark fiber seems increasingly interchangeable, this data expertise can become a decisive
differentiator.

Critical infrastructure protection with DAS, DTS and DTSS

For rail and transport corridors, fiber sensing offers a particular advantage because the infrastructure is
linear and extensive. A fiber optic network along the route can monitor many kilometers and locate events.
This not only makes it possible to detect damage, but also to assess potential risks along tunnels, bridges,
routes and sensitive sections at an earlier stage.

In the energy sector, temperature and load play a central role. Lines, cable trays, substations and OPGW
applications can be exposed to thermal or mechanical influences. DTS and DTSS provide additional
information that would not be visible with classic telecommunications measurements. This expands the
portfolio from fiber optic monitoring to infrastructure diagnostics.

For data centers and campus environments, the combination of physical security and operational availability
is particularly relevant. Critical connections between buildings, meet-me-rooms, technical rooms and
external routes must be protected. DAS can make unauthorized activities, openings or manipulation
attempts visible in addition to classic security systems.

The role of AI/ML is not to completely replace human decisions. Rather, relevant events are to be filtered out
of a large number of raw signals. The goal is an alarm that contains less noise, is understood more quickly
and can be more clearly transferred into an operational process. This increases the company's ability to act.

Classic fiber monitoring answers the question of how the optical connection behaves. However, critical
infrastructures increasingly need a second perspective: What happens along the route? Many risks do not
start as a visual error. They begin as an excavation activity, mechanical stress, temperature event,
unauthorized access, or tampering attempt. Fiber sensing therefore extends the optical fiber from the
transport medium to the distributed sensor.

Distributed Acoustic Sensing detects acoustic and vibrational signatures along a fiber. Movements, digging,
vehicles, footsteps, cable touches or other activities create characteristic patterns. The system can detect,
locate and classify these events. This gives operators an early warning before a physical intervention leads
to an outage.

Third-party interference is one of the most important use cases. Civil engineering work, excavators, road
construction or utility work near a route are among the most common risks for fibre optic networks. Classic
monitoring detects the damage when the fiber is already impaired. THIS can make activities visible earlier.
This shifts the operation from damage response to risk avoidance.

A very specific safety use case is the monitoring of manholes and handholes.) The opening of a lid,
subsequent cable movements or manipulations can be recognized as patterns. This allows eyelid lift and



cable tampering scenarios to be integrated into safety processes. For critical networks, data centers,
campus infrastructures or sensitive routes, this is an essential step towards physical asset protection.

THIS becomes even more powerful when Al/ML-powered classification is used. The challenge is not to
generate as many alarms as possible, but to distinguish relevant events from background noise. Machines,
vehicles, people movements, or environmental activities can generate similar raw data. Intelligent
classification helps to reduce false alarms and increase the relevance of the messages.

Distributed temperature sensing complements this view with thermal information. Hotspots, temperature
changes, fire events or unusual thermal patterns can be detected along a fiber path. Distributed
Temperature and Strain Sensing also broadens the view of pollution and structural changes. This is
particularly relevant for energy infrastructures, OPGW applications, bridges, pipelines, slopes, tunnels or
other linear assets. (better slopes)

The fields of application go far beyond telecommunications. Energy suppliers can monitor power lines,
critical lines or substation connections. Railway companies can observe corridors, tunnels and track
sections. Pipeline operators can detect movements, interventions or temperature events. Data centers can
secure perimeters, routes and campus infrastructure. Public institutions can monitor sensitive areas with
existing fiber optic infrastructure.

This creates a new operating model for operators. Fiber monitoring identifies optical degradation and
fractures. THAT detects physical activity. DTS and DTSS provide environmental and pollution information.
Analytics evaluates patterns over time. GIS and OSS make the information operationally usable. Together,
an integrated situation picture is created that goes far beyond classic fault clearance.

From monitoring to an integrated infrastructure ecosystem

Such an ecosystem must be open enough to integrate data into existing IT and operational landscapes.
Operators are already using GIS systems, inventory databases, NOC platforms, ticketing tools, and
management dashboards. Value is created when fiber data is not confined to a special tool, but is available
where decisions are made.

The integration also improves communication between technical and business roles. A NOC needs precise
error data, a field team needs localization, a wholesale team needs SLA evidence, a management team
needs risk and quality metrics. A common platform can make the same measurement data usable for
different target groups.

The future does not lie in isolated tools. Operators do not need a separate system for expansion, another for
monitoring, another for DAS, additional tools for analytics and manual handovers in GIS or OSS. Strategic
value is created when these data worlds are brought together. Only then is there a consistent view of
infrastructure quality, operational status, physical risks and long-term development.

In this context, ONMSi can be understood as a central component of such an ecosystem. Fiber test heads,
monitoring applications, GIS connection, web access, mobile support, interfaces, reports and fiber analytics
form a common basis. Supplemented by fiber sensing, a portfolio is created that combines expansion,
operation and protection.

The benefit lies in the common database. A fiber that has been certified during expansion can be monitored
during operation, re-referenced after repairs, evaluated in analytics, and protected against external risks
through sensing. Each step generates data that improves the next step. The network does not learn in the
abstract sense, but the organization continuously gains more facts about its infrastructure.

This integration is particularly important for large operators. The larger a network becomes, the less manual
handovers, local Excel lists or punctual measurement protocols work. Scalable resilience requires
centralized data, automated processes, and clear roles between planning, construction, NOC, field service,
wholesale, enterprise sales, and security. An integrated ecosystem creates this common working basis.



Timing resilience — the next evolutionary stage

Timing resilience therefore logically fits into the same frame of thought. When critical services rely on
connectivity and synchronization, both layers need to be secured. Available fiber is not enough if the time
base is compromised. Conversely, a resilient time source loses value if the underlying transport
infrastructure is unstable.

The combination of grid transparency, infrastructure protection and PNT thus creates a broader definition of
resilience. It includes not only the ability to transport data, but also the ability to operate digital services in a
time-correct, secure and traceable manner. For mobile, energy, finance, and data centers, this connection is
becoming increasingly strategic.

While fiber optic networks form the physical backbone of digital services, there is another layer that often
remains in the background: precise time and synchronization information. Mobile networks, power grids,
data centers, financial transactions, and industrial processes rely on a reliable time base.

The increasing reliance on GNSS-based time sources creates new risks. Jamming, spoofing, or external
reference failures can impact critical services, even if communications infrastructure remains available.
That's why timing resilience is becoming an integral part of modern infrastructure strategies.

PNT solutions complement the resilience approach by addressing the integrity, availability, and
trustworthiness of time and frequency references. After expansion, certification, monitoring, analytics and
infrastructure protection, the synchronization basis is secured. Only the interplay of physical connectivity,
operational transparency, data intelligence, asset protection and resilient timing creates the basis for digital
infrastructures that remain reliable even under increasing requirements.

Another aspect is cooperation between organizational units. In many companies, expansion, operation and
safety managers still work with different data sources. An integrated approach reduces this fragmentation.
When the same route can be viewed from the point of view of construction quality, current measurements,
historical development and physical risks, faster and better decisions are made.

The role of fiber-optic data is also changing for customer communication. Instead of using detailed technical
information only internally, selected key figures can be transferred to service-oriented reports. This provides
customers with transparent information about quality, stability and event history. For operators, this becomes
a building block for trust, differentiation and long-term customer loyalty.

The operational impact is particularly evident in the case of scarce resources. Field service specialists, NOC
specialists and experienced fiber optic experts are available in limited quantities. Automated testing, clear
localization, prioritization, and better data quality help to deploy these resources where the greatest value is
generated. Resilience is thus also a response to the shortage of skilled workers.

For critical infrastructures, the traceability of decisions is also relevant. If an operator can prove when a fiber
was certified, what changes were detected and what actions were taken, this improves internal governance.
Measurement and event data thus become an integral part of professional risk management.

The economic benefit is not only due to avoided failures. It also comes from faster deployment, fewer repeat
measurements, shorter troubleshooting times, and better scheduling of maintenance windows. In sum, a
data-driven operations strategy can make the entire lifecycle of a fiber infrastructure more efficient.

This database is particularly valuable for international or multi-level connections. When multiple providers,
carrier hotels, data centers, and handover points are involved in an end-to-end connection, the complexity of
error analysis increases. Certification and monitoring data help to clarify segment boundaries and shorten
escalations.

This creates an end-to-end model for the entire lifecycle: expansion creates the foundation, certification
documents quality, monitoring detects changes, analytics assesses risks, sensing protects physical assets,
and PNT secures the time base of critical services. This correlation makes resilience measurable and
operationalizable.
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This creates an end-to-end model for the entire lifecycle: expansion creates the foundation, certification
documents quality, monitoring detects changes, analytics assesses risks, sensing protects physical assets,
and PNT secures the time base of critical services. This correlation makes resilience measurable and
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Final Thoughts

The future of fiber optics does not lie in more capacity alone. It lies in more transparency, more automation
and more resilience. Anyone who expands critical infrastructures today must simultaneously certify, monitor,
analyze and protect them. As a result, fiber optics are turning from a passive transport medium into an active
part of the security, operation, and investment strategy of modern companies.



