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ABSTRACT

Up until now, fiber optics has primarily been associated with the telecommunications sector. However, we have come to a point where this perception may change.
This does not mean that the role fiber optics plays in telecommunications is going
to be diminished. In fact, a revolution should also be expected in this field resulting
from the use of specialty optical fibers that provide users with a much higher transfer
speed, making the innovative Internet of Things or 5G technologies into a common
reality. But now, fiber optics is also providing ways to respond to various other challenges.

s. 10

Fiber optics solutions can be effectively deployed in situations where electronics
are inadequate in the face the emerging challenges. Optical fiber-based technology
provides numerous advantages over the currently available solutions owing to a
number of peculiar benefits it brings. Flexibility (both in production, as well as in
use), data transfer speeds, precision, and robustness are some of their important
features. This result in fiber optics providing the most advantageous solutions, which
are simple, reliable, and even essential and irreplaceable in some industry sectors.
A good example can be found in heavy industry, where appropriately protected
specialty optical fibers may be used as sensors for temperature, tension, vibration or
gas-presence in chemically aggressive environmental conditions. Such devices can
operate in temperatures ranging from -200°C up to +1000°C, making them a unique
solution worldwide. Thanks to this, it is possible to significantly reduce costs by
preventing failures, allowing previously inaccessible areas to be monitored, or automating often dangerous industrial processes. Above all, the technology showcased
here provides solutions responsible for the priceless task of ensuring the safety of
people working in tough conditions or in an environment exposed to hazards or
faults. However, this is not the sole case where optical fibers can be used to benefit
individuals. In this brochure, we encourage readers to get acquainted with the
opportunities photonics offers in multiple areas, such as ultra-fast and non-invasive
cancer diagnostics, which enhances or even replaces the current biopsy procedure.
Another possible application is a smart monitoring system designed to protect high-security areas. This solution covertly monitors a given perimeter, facility or border,
allowing the immediate identification of threats along a 70-kilometer strip of land by
acting as thousands of ears, listening to what is happening in the given area.
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There are numerous examples of the use of fiber optics. Despite the catalogue you
are holding in your hands being extensive and covering numerous fields of application, it merely scratches the surface of the infinite potential for fiber optics solutions.
Every day we become more and more convinced about this fact while dealing with
companies belonging to the Polish Cluster for Photonics and Fiber Optics that are
working on new and increasingly surprising projects. We also observe a growing
interest in the photonics field from people representing a wide variety of sectors.
However, all these fields share some common values and beliefs, mainly openness
to modern technologies and willingness to go beyond the limits. Light-related technologies that were recently referred to as the technologies of the future have just
become reality. Moreover, nowadays these technologies represent the basis for
a competitive industry, where effective resources management and occupational
safety are viewed as fundamental values.
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INTRODUCTION
As the Cluster for
Photonics and Fibre
Optics, we are acting
as an ecosystem for
innovation, creating
a unique environment
of companies, whose
synergy acts as the key
to the development of
the modern economy.

Fiber optics is a discipline that
has all of the tools it needs to start
a revolution identical to the one
started by electronics in the last
century.

There is a need to
establish private
business entities,
whose main
specialty would be
to build and protect
intellectual property
and to create
prototypes.
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Breakthrough innovation is the only path towards the development of modern industry and the
creation of a competitive economy. Fiber optics belongs to the group of breakthrough technologies
that, walking hand in hand with conventional industrial sectors, exhibit the potential to transform
the economy as we know it. Innovative development requires interdisciplinary cooperation to be
established. One needs to embrace new technologies and attain the ability to perceive a broader
perspective. As the Cluster for Photonics and Fibre Optics, we act as an ecosystem for innovation,
creating a unique environment of companies, whose synergy acts as the key to the development of
the modern economy. Our cooperation is based on a common mindset, mutual trust and a proper
set of procedures shape the new human resources and build a potential partnership. This enables
us to reach our goal of stimulating development and creating a global commercial brand based on
our leading specialty fiber optics industry.
Fiber optics has all of the tools it needs to start a revolution equivalent to the one started by
electronics in the last century. Solutions that apply specialty fiber optics in conventional fields,
including heavy industry, medicine, agriculture, and civil engineering are causing rapid progress,
and changes are taking place leading the industry into a new era of innovation. These changes
guarantee major savings, the highest work efficiency possible and much greater safety, coupled
with a major competitive advantage. Photonic solutions have very low maintenance and configuration costs compared to other solutions. For instance, fiber optic sensor systems help prevent
failures and they act as an early warning system, even in the toughest conditions. Photonics also
exhibit great performance, characterized by high precision and velocity as the information travels
to the user at the speed of light, allowing a rapid and appropriate reaction to the unfolding events.
The technology in question also offers a high degree of competitive advantage since products that
use fiber optics offer much better performance, thus overtaking the competitors. The sooner the
innovation takes place, the greater the advantage. Furthermore, only continual industrial development makes it possible to get the economy out of the trap of “mediocrity”. Long periods of stagnation or just minor advances in innovation can result in a slowdown and a decrease in competitive
advantage, which may have serious and negative consequences.
To make all of the above possible, it is necessary to establish a standing and continuous cooperation between business and science. Transfer of knowledge between research bodies and industry
needs to be as efficient as possible. Both parties have their peculiar, separate or even opposite
priorities. Only a skillful fusion of those priorities will make it possible to achieve breakthrough
developments. On the one hand, research bodies are characterized by their eagerness to acquire
and expand knowledge, their research curiosity, their belief in education, and their need to publish
and to discover new phenomena. On the other hand, the industry is driven by manufacturing and
selling the offered products. Thus, the combination of both leads to the development of innovative
demonstrators and prototypes. However, generally, neither of these parties places the creation and
protection of intellectual property at the top of the priority scale. Thus, it is required that privately
held business entities are established, driven by profit, for which the main area of activities concerns
the creation and protection of intellectual property and prototyping. This will be successful only in
case of effective cooperation on the one hand, with industry, which indicates the specific market
requirements, and on the other hand, with science, which points its hand towards new phenomena,
technologies, and solutions. Entities such as the InPhoTech research company represent the necessary integrators of science and business.
Acting as the Cluster for Photonics and Fibre Optics, and being aware of the complete cycle of
creation and implementation of the industrial innovation, we gather research and industrial bodies
together with the companies that integrate those two fields. Working in this direction we implement specialty fiber optic technologies for a number of industrial areas, creating a competitive
advantage for the companies working with us (traders and manufacturers).
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LIFE SCIENCE
Life science represents one of the most important of the science disciplines. Life science focuses
on research regarding people, animals, plants, microorganisms, and any living organisms. These
disciplines include biology, biotechnology, and medicine.

PRODUCTS
Dermatology Lamp for Treatment of Skin Diseases: Albinism or Psoriasis Included
X-Ray Imagery Detector Utilizing Specialty Fibers

Thanks to the
application of fiber
optics, a device has
been created that, in
a non-invasive and
rapid way, carries out
the detection of the
presence of neoplastic
cell markers even at the
early stages.
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Fiber Optic Probe for Cancer Diagnostics
Optical Food Freshness Sensor
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DERMATOLOGY LAMP FOR
TREATMENT OF SKIN DISEASES:
ALBINISM OR PSORIASIS INCLUDED

Numerous skin diseases are known in medicine. Some
of these diseases do not pose a direct threat to the
patient´s physical conditions, and they represent
mainly aesthetic issues. However, other skin conditions
such as albinism, psoriasis, and atopic dermatitis, can
hinder everyday life. These types of diseases require
frequent treatment, which can be quite exhausting.
For these reasons, many people suffering from such
skin conditions choose not to treat them correctly.
Moreover, nowadays there is no product available on
the market that allows effective and regular therapy
at home at a reasonable price. Thus, there exists
an urgent need to design a device accessible to all
patients that allows the treatment of skin diseases
from home.

SOLUTION IN PHOTONICS
The range of capabilities offered by innovative light
sources makes it is possible to create a “dermatology-lamp” device that will allow patients to perform
effective and safe skin treatment in a domestic
environment. The therapy is carried out by using a
specially selected UVB radiation wavelength with a
properly adapted dosage that represents no threat to
the patient. This way, the person receiving the therapy
does not have to attend the periodic therapy sessions
at the dermatologist. Thus, an “at-home-solution”
can make the whole process more attractive and
less burdening. The presented system can be used
together with therapy-enhancing skin-care products.
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LIFE SCIENCE

X-RAY IMAGERY DETECTOR
UTILIZING SPECIALTY FIBERS

Medicine is one of the most dynamic areas of science.
Each of the developed countries is carrying out research aimed at getting more knowledge on the nature
and possible treatment methods for the diseases we
suffer. Modern medicine depends mainly on innovative technologies and there are still many needs to be
satisfied. One of these is the need to carry out a more
detailed analysis of X-ray imagery. This method is fairly
common, and it usually constitutes one of the most
important diagnostic procedures. This is directly related
to the need to capture images with an ever-increasing
resolution, which translates into a greater accuracy
provided by the images. Furthermore, it is desirable to
decrease the radiation exposure needed to capture the
image to a minimum in order to reduce the negative
impact of X-ray on the patient.

SOLUTION IN PHOTONICS
Photonics provides solutions that allow X-ray images
with resolutions much higher than those achievable
with the current technology to be obtained fast. A
detector has been developed that makes it possible to
convert the X-ray radiation into visible light. This solution makes it possible to collect much more accurate
images in the fields of basic procedures, dentistry, CT
scans, fluoroscopy or radiotherapy. Another advantage
comes from the fact that the time needed to capture
the image is significantly reduced, thus exposing the
patient to a smaller dose of radiation.

Do you want to know more? Write to us! biuro@klaster-fotoniki.pl
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HOW FIBER OPTICS MAY HELP?

FIBER OPTIC
PROBE FOR
CANCER
DIAGNOSTICS

Owing to the application of fiber optics, a device has been created that, in a
non-invasive and rapid way, carries out the detection of the presence of neoplastic cell markers, even at the early stages. For doctors, such a system translates
into help in early prevention, effective treatment, and a better understanding
of the neoplasm-related processes. For patients, it means less suffering, less
stress related to the tests, and shorter waiting times for the results and the treatment. Moreover, from the point of view of healthcare, this device may generate
savings as it is faster and much cheaper than the tools available now. In addition,
due to the fact that this solution is easy to operate, its use can also be expanded
to family medicine, which increases its field of application and thus raises the
chances for early detection of cancer.

Cancer is one of the greatest tragedies of our
time, representing one of the hardest diseases to
detect and cure. Scientists all around the world
are looking for a silver bullet that could be used
to combat cancer. Awareness should be raised
that winning the battle against neoplastic diseases is most often related to a rapid diagnostics.
It has to be mentioned that one of the reasons
listed by the patients who postponed a doctor’s
appointment is the fear of medical procedures
(such as the invasive biopsy) that are usually not
pleasant. Moreover, the time required to interpret
the test-results is too long, and in some cases,
it is detrimental to the patient. Furthermore,
some methods do not provide sufficiently accurate results. With any test performed incorrectly
and with each day of waiting, the chances for a
smooth treatment gradually decrease. For the
sake of the patients, a revolution needs to happen
in the diagnostics of neoplastic diseases.
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SOLUTION IN PHOTONICS
An innovative fiber optic probe is used for the purpose of cancer diagnostics
in vivo. The probe is based on a fiber and comes in the shape of a needle
that is not much thicker than a human hair. The end of that needle is covered
with a bioactive substance. The system provides high-resolution and the ability
to record real-time measurements - “yes or no” diagnosis can be obtained at
the first examination. The test is minimally invasive, i.e., it does not require the
medical practitioner to obtain tissue samples, so the risk of removing healthy
tissue and post-surgery complications is very much eliminated. Besides, this
technology does not require discontinuation of any anticoagulant therapy.
Diagnostics will also be easier to perform in the case of sensitive organs where
biopsy is the last resort. The proposed system may also be used in in vitro tests
like… . Moreover, immediate and non-ambiguous results of the measurement
are independent of the human factor that could render an interpretation error.
This cancer diagnostics technique represents a revolution in the domains of
biotechnology, oncology, photonics, and biomedical engineering.

LIFE SCIENCE

Do you want to know more? Write to us! biuro@klaster-fotoniki.pl
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OPTICAL FOOD
FRESHNESS
SENSOR

SOLUTION IN PHOTONICS
Using a combination of photonics and chemistry, it has
become possible to develop sensors capable of showing
whether a product has been defrosted before or not. Freshness sensors could make it possible to reduce the cases of
food poisoning, which is a serious issue that can result in
the seller having to pay damages, and, more importantly,
health issues for the customer. The use of freshness sensors
also translates directly into extending the expiration date
of many products through thorough control of their status
and of the environmental impact. This could limit the loss
of food at shops, supermarkets, warehouses, and wholesale companies. Extending the term of the “best before”
date would also mean lower financial losses for shops and
chains that have the obligation to dispose of food after the
expiration date.

MARKET DEMANDS
The food industry has undergone
a major metamorphosis in recent
decades. Nowadays, a huge variety
of food products can be found in the
market. Some of these products, such
as meat, fish, or fruit, are perishable
and there is a high risk of it going
off if the food is accidentally defrosted. Thus, overall a lot of produce is
disposed of worldwide, which has a
negative impact on our environment
and also translates into a financial loss
for business owners. Food losses at
different levels of the supply chain are
a major challenge for the contemporary economy, and a lot of attention
is paid to reduce these losses. On the
other hand, there is a need to provide
the consumer with reliable information on whether the product they have
bought or intend to buy is fresh or not.
Thus, there is a high demand for food
freshness sensors that would replace
short sell-by dates with longer dates
and provide a system for appropriate
freshness management.
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Innovative optical freshness sensors come in a form of stickers placed inside the food packaging. They change their
color once the given product is no longer in a state that is
suitable for eating. The stickers may also react irreversibly
to the presence of gases that appear when the food rots,
and to defrosting. This allows consumers to see whether
the product may be eaten or not.

LIFE SCIENCE

Do you want to know more? Write to us! biuro@klaster-fotoniki.pl
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SECURITY
Feeling safe and secure is one of the basic human needs. This drives the need to secure material
goods, a given perimeter or a piece of knowledge, whether owned by an individual or, more importantly, a major industrial or state entity or bank.

PRODUCTS
Smart System for Protecting Perimeters, Borders and High-Security Facilities
Bugging-resistant Secure Data Transmission Optical Fibers

Making use of
innovative technology
of specialty fibers it
is possible to carry
out a completely
safe transmission of
confidential data at
institutions that are
exposed to a threat.
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Special-purpose Fiber Element (polarization-maintaining coupler) for Precise Navigation
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SMART SYSTEM FOR PROTECTING PERIMETERS,
BORDERS AND HIGH-SECURITY FACILITIES

Protecting key areas is one of the primary needs of developed industries and countries. Alongside border protection (which bears a key relevance for the safety of the
citizens), securing locations of high strategic relevance (such as important industrial
compounds, chemical plants, or critical infrastructure), infrastructural facilities (like
airports), and political or military perimeters is also very important.

SOLUTION IN PHOTONICS

Photonics solutions make it possible to covertly and effectively control designated
perimeters 24 hours a day. Threats monitoring is carried out with their initial identification and classification. However, what it is of key importance here is that the monitoring is realized covertly – the intruders will not be aware they have just triggered
the alarm. This solution based around fiber optics is cheaper than the corresponding electronic methods, as only one transmitter-receiver module and an optical
fiber are needed. This system makes it possible to create a network that operates
like tens of thousands of distributed microphones listening to what is happening in
a given area.
The system for border protection featuring a transmitter-receiver module coupled
with an optical fiber makes it possible to concomitantly detect vibration and identify threats along a line which is 70 kilometers long. Not only does the product in
question make it possible to detect a threat, but it is also capable of classifying it
and, consequently, initiating the relevant security procedures. Fiber optics makes
it possible to automatically interpret the obtained results so that the user can be
informed whether the border was penetrated by a group of people, or by a vehicle.
The optical fiber is buried underground, and as it is made of glass, it cannot be
detected with a metal detector or other devices, so the intruder does not know what
evasive steps to take.
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SECURITY

Do you want to know more? Write to us! biuro@klaster-fotoniki.pl
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BUGGING-RESISTANT SECURE DATA
TRANSMISSION OPTICAL FIBERS

SPECIAL-PURPOSE FIBER ELEMENT
(POLARIZATION-MAINTAINING COUPLER)
FOR PRECISE NAVIGATION

MARKET DEMANDS
Nowadays, high levels of data transfer security are required in many places including banks, financial institutions, governmental bodies, the uniformed services, and wherever there is confidential data the leak of which may pose a major threat for important state organs or for the state
itself. Most of the proposed methods that could be used to secure such networks are based
on software and crypto solutions, whereby the signal is encrypted prior to being sent via the
fiber optic connection. Even though these methods add an extra level of security hindering the
analysis of the transmitted information, the interception is still possible - a properly bent optical
fiber can be bugged easily with readily accessible solutions. This means that “stealing” the signal
is not difficult. Once the signal is intercepted, decryption is just a matter of time for the highly-skilled thieves and dangerous organizations.

MARKET DEMANDS

HOW FIBER OPTICS MAY HELP?

HOW FIBER OPTICS MAY HELP?

With photonics it is now possible, for the first time ever, to create a physical security layer for
optical communications. The innovative technology of special-purpose fibers makes it possible
to carry out a completely safe transmission of confidential data at institutions that are exposed to
a threat. It is possible to ensure security for critical data transfers carried out for in the interest of
bank customers, governmental institutions, and, ultimately, for the sake of ensuring the security
of the country and of the economy.

SOLUTION

With the use of specially designed fiber optics for secure data transfers, it is possible to create
optical connections resistant to bugging attempts (i.e., signal interception between the transmitter and the receiver). Furthermore, the fiber design incorporates a new method that informs
the user once the system detects an attempt to intercept the signal. As the information is sent, it
also contains data on the location where the given event took place, which allows for rapid and
accurate intervention. Meanwhile, the intruder is not aware that they are triggering the alarm.

For the purpose of guiding complex systems, such as aircraft, cars, ships, trains, almost solely fiber
optic gyroscopes (FOG) are used. This is because FOGs are relatively low-cost and they provide
measurements of the highest accuracy. Considering the transportation expenditure planned by
the EU in the upcoming period, there is a need of designing and offering components to increase
the potential of transport and automation, as well as in the defense and security sector. For
instance, there is an emerging requirement concerning specialty fiber optical elements, such as
polarization-maintaining couplers, which are necessary in particular for the construction of precision devices used in the most sensitive optical gyroscopes and seismic vibration. Such sensors
are also used in aviation for navigation purposes.

Utilization of special-purpose optical fibers with a particularly designed microstructure makes
it possible to create a fiber optical element (polarization-maintaining coupler) with remarkable
parameters. The reliability of these components has a direct impact on the operation of the
whole navigational system and translates into a safety improvement. Furthermore, the fact that
the device is lightweight makes this element compliant with modern airframe design principles,
resulting in lower fuel consumption and thus increased profitability.

SOLUTION

The polarization-maintaining coupler is a specific example of a device that is made entirely of
fiber optics. It divides an optical signal into two signal paths whilst maintaining the polarity of
the input signal. This element makes use of special-purpose optical fiber technologies, having a
refined microstructure that greatly enhances its usability and ensures the reliability of the system.
The user thus gains the ability to obtain more accurate vehicle/device positioning data which is
an indispensable capability in modern automated industrial applications, both in the transport
industry and in the military.

„ (...) a properly bent
optical fiber can be
bugged easily with readily
accessible solutions.”
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SECURITY

Do you want to know more? Write to us! biuro@klaster-fotoniki.pl

19

HEAVY INDUSTRY
Heavy industry is characterized by vast industrial plants and large scale projects. It is one of the
most important pillars in the economy of highly developed countries. It incorporates civil engineering, the chemical industry, and the production and distribution of fuel and energy.

PRODUCTS
Protective Fiber Metal Coatings: Designed for Operation in Tough Conditions
Fiber optic Element (coupler) Resistant to High Temperatures

With the application
of a metal coating,
optical fibers may be
used in temperatures
ranging from 200°C
up to +1000°C, and
in environments in
which highly acidic,
alkaline or corrosive
gas is present.
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Sensor System for Measuring Tensions and Temperatures
Fiber Optic Sensor For High and Low-Temperature Applications
Fiber Optic Current Sensor for Monitoring of Power-grid Systems
Distributed Temperature and Pressure Measurement System
Fiber Optic High-temperature Sensor
Fiber Optic Micro-vibration Sensor
Shift Change Measurement Sensor
Fiber optical Bend Sensor Dedicated for Medical and Industrial Robots
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The oil and gas, metallurgy and energy sectors are
characterized by very difficult working conditions, including high temperatures or an aggressive environment.
Measurement methods designed for monitoring critical
areas or industrial processes need to be modernized as
conventional solutions are easily damaged in such harsh
environments. The emergence of a fault creates a danger,
not only for the given company but, more importantly,
for the employees. Expensive, specialized equipment
or designs used in tough conditions are continuously
exposed to the negative impact of harmful external
agents. There is a clear need to continuously monitor this
equipment so that preventative steps can be taken to
act against potentially dangerous events that could lead
to severe damage or to the need to replace expensive
hardware.

FIBER OPTIC
SOLUTIONS
DESIGNED FOR
OPERATION
IN TOUGH

CONDITIONS

22

HEAVY INDUSTRY

Do you want to know more? Write to us! biuro@klaster-fotoniki.pl
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FIBER OPTIC SOLUTIONS
DESIGNED FOR OPERATION
IN TOUGH CONDITIONS

PROTECTIVE FIBER METAL COATINGS:
DESIGNED FOR OPERATION IN TOUGH
CONDITIONS

FIBER OPTIC ELEMENT (COUPLER)
RESISTANT TO HIGH TEMPERATURES

SOLUTION IN PHOTONICS

MARKET DEMANDS

By combining the scientific disciplines of fiber optics and chemistry, it is possible to
develop fiber optic connections and sensors that function even in the toughest environmental conditions. This makes it possible to monitor critical locations continuously,
leading to an increase in the life of the hardware. Early detection of potential defects
or damage creates savings through the prevention of faults. Besides, immediate detection of danger in tough environments also diminishes occupational health and safety
hazards and minimizes material losses.
Standard fiber optics, like other hardware devices, have their limitations while operating
in extreme environments. Fibers made out of glass and protected by a plastic coating
begin to crumble if the temperatures become too high or too low, or under aggressive-environment conditions. Therefore, there is a need to reinforce them so that they
are resilient and properly suited to the conditions where they are used, e.g., in heavy
industry. Optical fibers covered in specialty metallic protective coatings can be made
resistant to tough environmental conditions so that they work perfectly as high-quality
measurement and data transmission systems.
With the use of coatings made from gold, silver, copper, nickel or aluminum it is
possible to employ these fibers in a temperature range from -200°C up to +1000°C
and in environments that are highly acidic or alkaline, or where corrosive gas is present.
Such metal coatings provide a physical barrier against aggressive substances, which
keeps the fibers secure. Moreover, fiber optic measuring systems present added advantages in comparison with fiber optic their electronic counterparts. For instance, the
measurements can be recorded along a whole section of fiber that is several kilometers
long, giving fast and accurate information about the location of a certain event. These
solutions are resistant to electromagnetic interference and do not generate sparks of
any sort - in contrast with electrical systems which can self-ignite whilst the optical fiber
solutions cannot. They are also characterized by very high sensitivity, accuracy, and
speed of measurement.
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HEAVY INDUSTRY

Couplers are of the basic fiber optic elements used in systems and devices based on
optical fiber technologies - they enable the combination and separation of optical
signals without changing their properties. They can be applied as the key component
of fiber optic sensor systems that are highly advantageous in comparison with their
conventional counterparts.

SOLUTION IN PHOTONICS
The use of specially-designed optical fibers makes it possible to create a coupler that
is resistant to very high and very low temperatures, which provides a unique solution
globally. This element makes it possible to install fiber optic systems, such as sensors or
signal transmission systems, in environments where they would be exposed to very high
and very low temperatures (ranging from 200 ˚C to +1000˚C). The fiber optic coupler
can be used in sensors designed for monitoring nuclear power plants or combustion in
motors and turbines. It may also be used to monitor the status of oil and gas boreholes,
cryogenic systems, superconductors, magnetic generators and in many other applications. Furthermore, the industry requires many types of point measurements (precisely
located) and distributed measurements (where the data is gathered over a greater area)
to be recorded. These couplers can be adapted to comply with these requirements.

Do you want to know more? Write to us! biuro@klaster-fotoniki.pl
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FIBER OPTIC SOLUTIONS
DESIGNED FOR OPERATION
IN TOUGH CONDITIONS

SENSOR SYSTEM FOR MEASURING
TENSIONS AND TEMPERATURES
MARKET DEMANDS
In the mining industry, most of the measurements are currently recorded by the
miners who need to devote their time to make recordings in many locations. For
instance, the temperature of drift walls cannot be measured frequently, as the procedure is done manually, whereby the miner is required to reach the measurement
point. Furthermore, some key measurements are not taken at all, as no sensors that
could be installed underground for that purpose are yet available. The lack of such
measurements may result in mining accidents or disasters (e.g., gas in the mine can
self-ignite if the temperature gets too high). It is also important to be able to monitor
systems such as belt conveyors, longwall shearers or other pieces of mining equipment. The inability to monitor their condition may result in failures, health or life
threat to miners and serious financial consequences. Overall, there is also a need to
take care of work continuity to maintain the smooth operation of the enterprise as a
whole.

SOLUTION IN PHOTONICS
Fiber optics solutions allow continuous and automatic monitoring of the mine infrastructure to be carried out. Sensors based on optical fibers make it possible to monitor
the status of the draft walls, rock mass temperature, machinery temperature, tensions
in the draft supports, tensions in the draft walls, vibrations in the drafts or rock, etc.
Besides, the early warning capability of these sensors increases the level of safety in
the mine, and at the same time, less manpower is required to monitor the status of
the mine’s infrastructure.

FIBER OPTIC SENSOR FOR
HIGH AND LOW-TEMPERATURE
APPLICATIONS
MARKET DEMANDS
The electronic sensors available on the market, such as thermocouples or thermoresistors, require special tailoring in order to be used in certain locations, such as zones
where there is a high risk of explosion, or areas where strong electromagnetic interference may be experienced (e.g., power plant cooling systems). This pushes the price
of these elements up. Controlling the temperature in this type of location is essential
to ensure the safety of the people and of the enterprise as a whole. This creates a
demand for cost-effective sensors operable in tough conditions.

SOLUTION IN PHOTONICS

Sensors that take advantage of the capabilities offered by fiber optics make it possible
to carry out safe and credible temperature measurements with a high degree of accuracy in places where this has so far been impossible or very difficult. The fiber optics
solution is low-cost as it only requires the application of appropriate transmitter-receiver systems and fiber optic sensors.
A fiber optic temperature sensor can work within a temperature range between
-200°C And +1000°C. This range is beyond the capability of most of the competing
solutions and provides a globally unique solution. It has been made possible by the
application of a protective metal coating to a specialty optical fiber. Protecting the
optical fiber in this way requires a specially developed technology that permanently
binds two different materials: metal and glass.

The proposed solution assumes the installation of autonomous sensors that perform
measurements at a specific frequency and send the results to a central unit which
gathers all the received data. Such a unit can be located at even several miles away
from the measurement points thanks to the fiber optics transmission system, which
means that they can be placed on the surface without causing a detrimental impact
on the safety of the mine. The proposed measurement solution will make it possible
to record data pertaining to the key mine safety parameters. There are many advantages of such a system, including: no risk of sparks being generated; no need to
provide a power supply at the measurement points; small size of the sensors; and
high accuracy of the measurement.
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HEAVY INDUSTRY
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FIBER OPTIC SOLUTIONS
DESIGNED FOR OPERATION
IN TOUGH CONDITIONS

FIBER OPTIC CURRENT SENSOR
FOR MONITORING OF POWERGRID SYSTEMS
MARKET DEMANDS
In the era of innovative solutions, systems designed for monitoring power grids are an indispensable element of economic development. It is especially important to monitor the delivered
current at the transmitting units in a manner that is both precise and non-invasive to the grid so
that an appropriate response can be taken to any unpredictable events. Currently used sensors
also play an important role in the estimation of energy resources as there is an increasing
necessity of minimizing the energy storage costs. However, the current power grid monitoring
systems are often invasive and costly to install, and they also entail a risk of causing short-circuits that may lead to power supply breaks, along with the consequent costs.

HOW FIBER OPTICS MAY HELP?
The use of fiber optic technology in the process of monitoring high voltage networks is a way
to eliminate previously used, costly, risk-bearing diagnostic devices. This technology has numerous advantages, the most important of which is that the elements have no contact whatsoever
with the power grid being monitored. This solution does not require conductive elements or
the use of a power supply, which means that the possibility of short-circuiting is completely
avoided. The fiber optic sensor is usually tailored to the requirements of the recipient, and It
can be used to monitor the current according to the needs of the energy supplier. Furthermore,
the offered fiber optic sensor eliminates the need to suspend the operation of the power grid
during installation, and it is so flexible that it can easily be installed without any need to modify
the power grid. It is also worth noting that the system may be set up in locations that are difficult to access or In harsh-condition environments.

SOLUTION

The fiber optic current-monitoring sensor, when used in the presence of current fluctuations,
provides the user with an accurate signal that directly corresponds with the monitored changes
of the current. The sensor automatically sends the signal information to a system that processes
that data and then automatically informs the user about the changes observed. This optical
fiber based solution, which provides uninterrupted information about the status in the power
grid in a fully automatized manner, is unique in the market.

28

HEAVY INDUSTRY

Do you want to know more? Write to us! biuro@klaster-fotoniki.pl

29

SENSORS FOR MEASURING
GAS AND LIQUID FLOW

Advanced sensor systems are applicable in mining and in the oil and gas industries,
where pressure and temperature measurements remain highly important from the
point of view of occupational safety. Especially, in transmission and distribution
networks where hazardous gases and liquids are transported across vast distances of
thousands of kilometers, maintaining an uninterrupted flow is particularly important.
Obtaining accurate measurements of the flow rates depends to a great extent on
the accuracy of determining the pressure and temperature and on the exact location
where the measurements are taken - the further apart the sensors are placed, the
lower the flow measurement accuracy is. Thus, there is a need for precise and reliable

sensors that offer the broadest possible coverage. Furthermore, the currently used
technologies (electronic, piezoelectric, etc.) are subject to temperature limitations,
meaning that they cannot be deployed where temperatures may exceed 280°C. This
is a serious limitation, especially in applications where steam is being transported
at operational temperatures much higher than this. In case, for example, of nuclear
power, chemical or waste incineration plants there is a high demand for devices that
can measure the flow of hot gas (at temperatures of up to 500°C) or liquefied gas (at
temperatures down to -200°C).

DISTRIBUTED TEMPERATURE AND
PRESSURE MEASUREMENT SYSTEM

FIBER OPTIC HIGH-TEMPERATURE
SENSOR

HOW FIBER OPTICS MAY HELP?

HOW FIBER OPTICS MAY HELP?

Photonic sensors may be used for the purpose of examining the status of pipelines
and detecting leaks in addition to taking flow measurements. They can independently
measure pressure and temperature simultaneously. Furthermore, such a system can
replace 35 000 individual sensors by collecting the required data all along its whole
length for a distance of up to 70 kilometers. This results in a highly-accurate system
with reduced customer spending, coming from the use of a low-cost solution and the
elimination of repair costs.

Photonics has made it possible to create a solution that can be used in places where
other existing hardware cannot be applied. What is more, specially designed small
fiber optic sensor elements make it possible to record measurements without interrupting the flow of the substance. An additional advantage of this system comes from
the fact that fiber optic measurements are not affected by the presence of an electromagnetic field making it possible to utilize the sensors in such places as nuclear
power plants. This means that any imminent danger can be met with a rapid reaction,
thus improving safety and reducing costs.

SOLUTION
Fiber optic sensors make it possible to carry out so-called distributed measurements,
i.e., locate pressure and temperature changes dynamically along a section of optical
fiber that can be kilometers long. The product comes in the form of a specialty optical
fiber as the sensor element with the interrogation system, making it possible to record
measurements of the most important physical values in the oil and gas industry. The
distributed pressure and temperature measurement system has no competition in the
marketplace. No other system can monitor different parameters in real time along
the whole length of an optical fiber simultaneously.
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SOLUTION
The fiber optic sensor described above makes it possible to continuously monitor
the flow of liquids and gases in pipelines. It may be applied anywhere where the
precise determination of the quantity of a product delivered via a pipeline is of crucial
importance. This solution integrates a number of innovative technologies, including
specialty optical fibers, protective metal coatings, and the technology of permanent connections between the optical fibers and other materials. With this solution,
it is possible to carry out measurements at extremely high temperatures (of up to
+1000°C) and at very low temperatures (down to -200°C).
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HYDROGEN SULFIDE

FIBER OPTIC

Hydrogen sulfide is a gas that may be present in underground mines, together with
coal and metal (e.g., copper) deposits. Checking for the presence of hydrogen sulfide
in mines is particularly important since the gas poses a major threat to the health
and lives of the miners. Exceeding the permissible levels may cause severe health
complications, and with very high concentrations, even a single breath may turn out
to be deadly. Therefore, in the mining industry, there is a need to carry out measurements of the slightest hydrogen sulfide concentrations inside the boreholes drilled
in the walls. This would provide an early warning system so that this threat could be
avoided with careful management and planning. At the moment, no devices small
enough to be placed within such small spaces are available on the market. Furthermore, the operation of all commercially available measurement solutions is based on
electronics, and so they may not be sensitive enough to detect low gas concentrations. Hydrogen sulfide sensors are also useful in other sectors, such as wastewater
treatment, the chemical industry, and agriculture.

GAS
SENSORS

The ability to detect the presence of even the slightest quantity of
hazardous and toxic gases is very important in industry.

METHANE

Methane is a gas widely used in many sectors of the economy, including the mining,
energy and chemical industry. Methane is the main component of natural gas (mainly
used for energy purposes), but it can also be employed in polymer production or
in chemical synthesis processes. In each of these cases, continuous monitoring of
the composition of the gas used is strongly desirable, focusing particularly on the
methane content as It determines the gas’s calorific power. In order to achieve this,
special purpose methane sensors are required that can measure the methane levels
at high concentrations and pressures that do not pose a risk of explosion.
Furthermore, methane sensors are often used for safety purposes, whereby they
monitor the air methane content close to potential sources of methane such as gas
pipelines or gas systems. The ability to detect low concentrations of methane below
their explosive threshold is therefore highly relevant. It is worth noting that agriculture is one of the main sources of methane in the atmosphere, and so methane level
monitoring systems are also required in this field, especially in animal husbandry
areas.

CARBON DIOXIDE

Carbon dioxide is one of the gases that contribute to the greenhouse effect. In high
concentration, it is also lethally poisonous for people. Carbon dioxide is a by-product
of numerous industrial processes. It is formed, for instance, as a result of combustion.
By monitoring its concentration it is possible to detect fires, which is especially important in places that are exposed to the threat of explosions. Frequently, such conditions
make it impossible to use traditional measurement systems that fail, for instance, if
the temperatures are too high. Furthermore, it is worth noting that carbon dioxide is
also a product of fermentation or breathing. Thus, the detection of this gas may turn
out to be useful in other fields, such as agriculture.
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ŚWIATŁOWODOWE
CZUJNIKI GAZÓW
Fiber optics make it possible to carry out measurements in a variety of conditions. It
is possible to detect either high or low concentrations of a gas, which allows utilizing
the sensor systems in both heavy industry and the energy sector (where monitoring
usually takes place in the presence of high concentrations) as well as in safety applications (where low concentrations need to be detected). The fact that measurement of
the concentration does not involve any electricity at the sampling location constitutes a
relevant added value brought in by sensors based on fiber optics, as there is no risk of
a spark being generated. This advantage means that fiber optic sensors may be applied
in a broader range of fields than conventional solutions. As there is no risk of sparking,
and consequently a lower risk of explosion, no special housings are required to protect
the sensors, which greatly reduces the cost of such components. On the other hand,
fiber optic sensors exhibit the ability to record measurements at multiple points with the
use of a single power supply, which also reduces significantly the cost of implementing
such a monitoring system. Using fiber optic sensors it is possible to perform measurements in a specific location where a high level of hazard occurs, and afterwards record
and process the results remotely. This is often impossible with electrical measurement
systems, as power needs to be supplied to the measurement location.
Furthermore, fiber optic sensors are small enough to fit in a hole that has a diameter of
only a few millimeters. This enables to detect the presence of gas within the mine walls,
for example. The information recorded with the fiber optic system makes it possible to
manage the exploitation without entering the areas where the risk of a greater quantity of gas presence persists. This would translate into large savings associated with
less downtime for human work and expensive equipment. One of the most important
features of fiber optic sensors is that they do not suffer damage by corrosion and this
feature may make them useful in other fields of application. For example, corrosion
is a major disadvantage of electronic sensors that have only a short lifespan in tough
conditions. In addition, optical fiber sensors can carry out more detailed measurements
of their surroundings than electrical sensors, including information on temperature and
humidity. All this translates into full protection of areas exposed to explosion risk, and in
the event of a threat, allows for rapid intervention to prevent damage and limit potential
financial losses.

HYDROGEN SULFIDE SENSOR
The hydrogen sulfide sensor is equipped with a special-purpose photonic
material that changes its optical properties when it gets into contact with the
gas. The developed technology allows detecting even low concentrations of
hydrogen sulfide. Fiber optics are employed to examine the properties of the
photonic material and to record and process measurement data remotely. This
means the sensor can be used to examine places that are hard to access, including deep boreholes. At the moment there are no systems available on the
market that can conduct measurements in a comparable manner. The proposed
sensor can also be used in fields other than the mining industry, wherever there
is a requirement for compact size, the ability to detect low hydrogen sulfide
concentrations and usability in tough environmental conditions.

METHANE SENSOR
The methane sensor is based on special optical fibers whose dedicated design
allows for direct interaction between the light passing through the sensor with
the surrounding gas. The presence of methane has a direct impact on the quantity of light coming out of the sensor. The light coming out of the light source
may be distributed between several sensors, which significantly diminishes the
cost of the system, and thus not only the offered solution be safer, but it is
also cheaper than any electronic sensors used for that purpose so far. The
sensor can be tailored to operate in environments with high or low methane
concentration, and it can also be used in a variety of pressure conditions. These
features make the sensor applicable in a broad range of industrial situations.

CARBON DIOXIDE SENSOR
The innovative CO2 detection sensor utilizes optical fibers that deliver light to
photonic materials that change their optical properties as the gas concentration varies. The same sensor can monitor the temperature and humidity of its
environment simultaneously and independently. Furthermore, as these optical
fiber units are small, several sensors can be deployed in a small area. The
sensor is tailored to operate in conditions where there is a high risk of explosion, and in environments that are chemically aggressive, by means of a special
protective coating. In contrast with its electronic counterparts, this sensor is
resistant to electromagnetic interference, does not generate sparks and does
not require power to be supplied to the measurement location.
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FIBER OPTIC MICRO-VIBRATION
SENSOR

SHIFT CHANGE
MEASUREMENT SENSOR

Systems designed to detect vibrations of the Earth’s crust caused by natural and artificial shocks are the basic tools used to protect the human lives and structures in
places that are exposed to the threat of such vibrations. This includes structures that
are overground (e.g., residential buildings or bridges) and underground (e.g., mines).
In seismography, the problem of providing power to vibration-detection systems and
the transfer of the information across vast distances are currently the main concerns.
Vibration sensors frequently need to be deployed underground, which excludes
radio connectivity. For electronic devices, noise and interference constitute a major
problem, along with significant data losses and transfer delays. These issues create
major difficulties in the process of interpreting and analyzing the data from a network
of dispersed measuring devices.

Numerous structures are exposed to external forces, vibration or temperature
changes that may cause unwanted deformations and, consequently, serious damage.
The types of structures exposed to such threats include bridges, buildings, tunnels,
and pipelines. To avoid damage, mechanisms are used that reduce unwanted effects
such as mechanical stresses and vibrations. However, these mechanisms are often not
equipped with measurement systems to monitor changes in the position of structural
elements. Thus, there is a need to procure a system or a network of systems that can
perform automatic measurement of such movements. Without an effective solution,
bridges, buildings, tunnels or pipelines are exposed to the risk of damage, whilst also
posing a threat to any people and infrastructure close by.

SOLUTION IN PHOTONICS
With a fiber optic sensor, a much more thorough and credible measurement may
be performed. This sensor has the major advantage that no power is required to
be supplied to the measurement location while data transfer between the individual
points of measurement guarantees no delays, reduces the noise and renders the
system resistant to any interference. Credible information and reliability of measurement have a direct impact on the safety of the structures being monitored - bridges,
buildings, and mines. Should the need arise, the instant transmission of data facilitates
the immediate evacuation of the people in the endangered area.
The sensor guarantees a high accuracy of measurement, fast data transfers and good
sensitivity in areas placed up to 25 kilometers from the data analysis center. As the
data is transferred at the speed of light, accurate analysis can be performed in a very
short time, showing the exact location of the occurrence, shape, and character of the
tremor. This, in turn, enables a rapid rescue operation to be launched. The improved
accuracy of the measurement also enables the user to get better insight into what is
happening.
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SOLUTION IN PHOTONICS

Photonics makes it possible to carry out accurate measurements of movement,
without the need for physical access to the tension/vibration dampening systems or
other structural elements that are exposed to potential shifts. With a photonics-based
measuring system, any movement of the structure can be monitored constantly so
that the current status of the infrastructure is known at all times. This allows for timely
and appropriate reactions, which in turn minimize any potential losses.
The offered sensor makes it possible to measure the structural load remotely, without
the need to power supply the measurement area. Furthermore, it is possible to
analyze the data at locations far away from the tension-reducing mechanisms or
structural elements that are exposed to shifting. With this fiber optics solution, the
sensor is integrated with the given appliance, and at the time of its operation, it will
be able to measure the current status of the given element continuously. This solution
allows establishing a complete network of sensors, with all the data being sent to a
single measurement device that performs automatic analysis and informs about the
potential hazard.
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FIBER OPTICAL BEND SENSOR
DEDICATED FOR MEDICAL AND
INDUSTRIAL ROBOTS
MARKET DEMANDS
Robots are commonly used in industry. They have become indispensable wherever force or
precision is necessary. The industrial robots available on the market are usually quite heavy
due to the need to keep precise control over the positioning of the end of the robot’s arm
by keeping the structure rigid. Unfortunately, this limits the speed of movement. Furthermore, it is necessary to place the robots in cages to ensure the safety of any people working
close by. However, speedy operation is required in order to maintain high process effectiveness. Thus, it is necessary to make sure that industrial robots are light-weight and efficient
without compromising safety in the close working environment.

SOLUTION IN PHOTONICS
Using fiber optics enables to speed up the operation of industrial robots, whilst people can
work safely nearby. This is clearly beneficial as it improves the effectiveness of production.
The result of this is that the working space can be arranged more efficiently at industrial
plants since machines that are tightly controlled do not need to be in cages, so they take
up less space. Furthermore, there are many other advantages arising from using fiber optics
solutions. Low weight, compact size, no spark generation, and the possibility to integrate
the sensors with a variety of materials are just some of the many strengths. Meanwhile, the
photonic technology also contributes to enhancing the effectiveness of the robots’ and
improving work safety.
The use of fiber optic bending sensors enables the movement of the robots to be speeded
up whilst the high precision of movement is maintained. This is done by creating light-weight and flexible moving elements (such as robotic arms), by making them out of composite
materials with an embedded fiber optic sensor. This sensor is made of a specialty fiber with
an innovative structure that enables distinguish the angle and direction of bend, within a
full range of angles (0-360°). The fiber optic bend sensor may also be utilized in medicine
thanks to the before mentioned properties. Furthermore, this sensor is safe to use as it
does not generate any sparks and the measurements can be conducted remotely since the
measurement cable has a negligible impact on the results.

It is worth noting that robotics are not only used in heavy
and precision industry, but also in medicine. Here precision and reliability of the equipment come first, as these
features often have a direct impact on the health or even
the lives of the patients.
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SPACE AND
TRANSPORT
INDUSTRIES
The transport industry deals with manufacturing passenger and goods carrying vehicles, including
cars, aircraft, locomotives, and ships. Also, In recent decades there has been a rapid development
of technologies for space applications.

So-called “smart
materials” can be
created by embedding
specialty optical fibers
into composite materials
so that its conditions can
be monitored.
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PRODUCTS
Fiber Optics Integrated with Composite Materials: Smart Materials
Distributed Machine/Engine/Battery Temperature Sensor
Railway Monitoring System
Optical Fiber for Signal Amplification in Space Industry Applications
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FIBER OPTICS INTEGRATED WITH
COMPOSITE MATERIALS: SMART
MATERIALS

Composite materials based on PVC, carbon fibers or fiberglass are commonly applied in many
areas of industry today. Such materials can be used to create stable, light and very strong structural elements because of their properties of durability, strength, and the ability to adapt shape.
Composites are used for, among other purposes, creating modern means of transport, such as cars
or aircraft. The current market trends seem to suggest that cyclic maintenance is going to be abandoned in favor of continuous monitoring of wear and tear. This means that structural parameters will
be continuously measured and monitored throughout its entire lifespan in order to detect potential
damage. This greatly enhances safety whilst diminishing production costs and operational expenses.

SOLUTION IN PHOTONICS

So-called “smart materials” can be created by embedding specialty optical fibers into composite
materials so that measurements can be made to monitor the condition of the material itself. Obtaining the information on the current status of a certain structure or its elements makes it possible
to reduce the operational costs, for instance, by reducing the amount of required maintenance
and downtime of vehicles or aircraft. This means servicing machines only exactly when and where
it is required, i.e., when a potential threat of damage is detected. At the same time, it is possible to
monitor the process of how different parts wear out, thus providing useful knowledge about the
materials used. This, in turn, allows manufacturers to modify and improve those materials for new
generations of the vehicles or aircraft. The precision of damage measurement also translates into a
heightened level of safety and lowered cost related to material fatigue.
Smart materials deliver information on the state of their own structure in real time during routine
operation. This has been made possible by the use of special-purpose fibers embedded inseparably
within the given material. This is possible because optical fibers are small, lightweight, and mechanically resistant to stretching. As the optical fiber is fused with the composite during the production
process, it is possible to mass manufacture the smart materials. These optical fibers may be used as
sensors to measure tension, thermal loads or vibrations. This allows to immediately detect situations
in which safe levels are exceeded so that dangerous circumstances can be prevented. The application of embedded fiber optic sensors also brings a number of other benefits. There is no need to
provide a power supply in the places where the measurement is taking place. There is a negligible
impact on the mass or shape of the given element. Furthermore, the measurement data may come
from the whole length of the fiber and not just a single point. Fibers are also highly accurate and
resistant to interference.

FIBER INTEGRATED WITH MATERIAL
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RAILWAY MONITORING
SYSTEM

DISTRIBUTED
MACHINE/
ENGINE/BATTERY
TEMPERATURE SENSOR

MARKET DEMANDS

MARKET DEMANDS
Fast trains, aircraft, environmentally-friendly cars - modern
means of transport in general - are becoming more and more
demanded nowadays. Rather than seeing this as an ordinary
trend we can treat it as a reaction to the increasing concern about
the environment and the depletion of the natural resources. For
these reasons, it can be said that the future of transport will be
based on new types of vehicles. This fact, as well as having a
positive impact on our environment, will also create savings. At
the present time, as these technologies develop, they are finding
more and more useful applications in modern urban transport.
However, the actual technology still lacks drive temperature
monitoring systems or battery temperature sensors capable to
determine the exact place where the system is overheating. This
causes more frequent downtime and also reduces the level of
safety. The current common thinking on the global market is
that cyclic maintenance will be replaced with continuous monitoring systems. Thus, temperature measurement is one of the key
elements to help ensure long and faultless engine life.

SOLUTION IN PHOTONICS

By using a distributed temperature sensor based on specialty
fiber optics within the power supply and drive systems of a given
means of transport, the end user is able to precisely define when
the next overhaul should take place and to what extent the given
system is worn out. This makes it possible to manage the equipment in a more effective manner which would reduce the cost of
operation.
The distributed temperature sensor consists of a small interrogator and a special-purpose optical fiber distributed along the key
areas. With this equipment, it is possible to monitor the temperature in the critical places that have an impact on the usability of
the vehicles. The sensor is capable of measuring the temperature
with a spatial resolution of a few centimeters, also presenting the
temperature distribution in a visual form. This sensor makes it
possible to preempt emergencies by constantly monitoring the
device’s operation. This information can be used, in turn, to help
optimize the use of the given machine. Furthermore, it provides
a valuable source of information for insurance companies and for
the entity responsible for servicing.
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In the case of the railway transport, temperature and vibrations
constitute the key factors that have an impact on tensions accumulated in rails, and so these parameters directly influence the
safety of the vehicles that use the railway. Temperature changes
see the metal expand and shrink, which may lead to fracturing
or breaking of the rails. Currently, the status of the rails is monitored manually by the workers who measure the temperature
of the rails at specified intervals and determine the damage risk
based on that. However, the workers have no ability to monitor
the impact the vibrations have on the rails caused by the passing
trains. To enhance the effectiveness of rail monitoring the number
of points where measurements are recorded needs to be significantly increased and the time taken to make the measurement
needs to be reduced. Some European railways already carry out
continuous automated measurements, but the hardware used
mostly requires a separate power supply which limits its mobility
and raises the cost.

SOLUTION IN PHOTONICS
With fiber-related technologies, it is possible to make technical
diagnostics of the railways more efficient. In this way, the monitoring and repair costs resulting from faults may be reduced and
the potential ramifications, like paying damages, avoided. The
modern railway needs to be efficient and potential threats need
to be predicted and immediately addressed.
The system offered is based on fiber optic sensors designed for
carrying out continuous railway diagnostics. The measurement
process is fully automated and self-service. The collected data is
transferred to a centralized database where it is analyzed in an
ongoing manner and where decisions are taken on the potential course of action. Another advantage that distinguishes this
solution is the fact that it does not use a local power supply,
only a remote light source. Just a small, standard power supply
unit is needed at the remote location to power the light source
and the transmission/receiving base. This sensor-based solution
also provides the user with more knowledge on the usage of the
railway infrastructure which may be useful in the future in the
creation of further enhancements.
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OPTICAL FIBER FOR SIGNAL
AMPLIFICATION IN SPACE INDUSTRY
APPLICATIONS
MARKET DEMANDS
The growing need to transfer and process major quantities of data into
orbit forces the space industry to look for solutions that would significantly
increase the internal data bandwidth on the satellites. Nowadays telecommunication systems are following the trend of progressively using shorter transmission wavelengths, which offers an increase in the bandwidth and in the
information capacity. At this point, optical wavelengths have become essential, as they provide far larger transmission capacities than electrical systems.
However, standard optical fibers often cannot be used in outer space due to
the destructive impact space radiation would have on them. The weight of a
satellite is also of key importance, since it costs tens of thousands of dollars
per kilogram to send it into geostationary orbit (where most of the telecommunication satellites operate), so reducing the signal processing and amplification stages in a satellite is crucial.

SOLUTION IN PHOTONICS
Specialty optical fibers makes it possible to transfer data within the telecom satellites in a fast and
effective manner. The light-weight of a system based on fiber optics provides the perfect data
transmission platform to integrate into satellites, and its installation within the structure of the
satellite is fast and simple, what altogether reduces the launching costs. Fiber optics designed for
space applications are resistant to the destructive impact of space radiation and external factors,
such as sudden temperature changes that remain harmful to standard metal data-transfer wiring.
Moreover, due to their immunity to electromagnetic interference, they are non interfering with
other electrical and electronic systems.
Traditional signal amplification in satellites is heavy and takes up a lot of space since each transmission channel requires its own system. Active specialty optical fibers represent an innovative
solution to reduce weight and space. A potential solution is provided by the seven core active
fiber, which is the same size as a standard fiber but with at least seven times more data transmission capacity. It also provides seven independent channels for signal amplification in a single
optical fiber, which reduces the mass of the wiring. The signal amplification with active optical
fibers occurs optically without the need to convert the data into electric steam, which further
simplifies the data processing. This specialty optical fiber has found a niche market in the multi-threaded telecommunication satellites, and it may also be used in any other space application
where high data transfer speeds are needed.
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DATA TRANSFER
Telecommunications is one of the most important fields of science and technology. This discipline
deals with remote data transfer. The emergence of telecommunications in the last century has
significantly transformed our lifestyles.

PRODUCTS
Multi-core Optical Fiber: Gradual Increase of Data Transfer Quantities
Transmitter-receiver Module for Handling the Data in Multi-core Fiber Optic/Dedicated Laser
Array Data Centers

The multi-core
optical fiber is a
revolutionary solution
that allows the data
bandwidth to be
broadened by a
factor at least as
large as the number
of cores in the fiber.
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Few-mode Optical Fiber for New Generation Telecom Networks
Mode multiplexer for Raising the Number of Transmission Channels Available within the Optical
Fiber
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The telecom market is one of the most dynamic sectors of the economy.
Due to the continuous increase in the requirements of recipients for
faster and faster communication links, the demand for faster data flow
in data centers is growing by an average of 42%. This is dictated by
technologies such as Video on Demand or Internet of Things, and by
the increasing demand for information access through mobile devices.
This results in a sharp increase in the demand for data throughput
in telecommunications networks, which in their current form are no
longer able to keep up with the requirements. This forces providers to
continuously modernize and upgrade the transmission/reception infrastructure. The 40G or 100G standards that are in force now will soon be
replaced by 100G or 400G standards. The simplest solution would be
to utilize cables with a higher number of optical fibers. However, this is
not possible as the infrastructure, especially in larger urban centers, is
not capable of accommodating so many cables. In order to accomplish
the required objectives, decisive steps towards upgrading the current
technologies should be taken in the near future.
Special fiber optics offer a solution in line with the miniaturization trend,
which in turn, allows reducing the cost associated with the establishment of a network. This is implemented by reducing the amount of
space required to establish a data center while maintaining the existing
network infrastructure, using cheap components and, above all, by
implementing innovative technology. The proposed solutions, expand
the data bandwidth for a single optical-fiber connection by a factor of
several dozen, without the need to replace the existing transmission-reception infrastructure. These are the technologies of the future that
address the ever-growing data transfer demands in telecom networks.
This will, in turn, reduce the cost of laying down a cable with optical
fibers, and consequently, less infrastructure would be required for each
available telecommunications channel. The end-user of the will receive
a higher quality of service at a lower price.
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MULTI-CORE OPTICAL FIBER: GRADUAL
INCREASE OF DATA TRANSFER
QUANTITIES
Multi-core optical fiber is a revolutionary solution that allows the data bandwidth to
be broadened by a factor of at least as many as the number of cores there are in the
fiber (at the moment 7-core and 19-core fibers are available). This means that a single
multi-core optical fiber could replace 7 or 19 standard fibers, which would lower the cost
of data transfer decisively. The data transfer parameters and the size of the multicore
optical fiber are compliant with the requirements adopted for standard telecommunication optical fibers. Thus they are well suited for contemporary network architectures and
may be almost instantly applied within the existing network of connections.
The signal is transmitted to the multi-core fiber via a dedicated fan-in/fan-out component. This component makes it possible to connect multi-core fibers with standard
optical fibers, meaning that new fiber would be embedded in the existing data transfer
networks. The signals are sent by the user with the use of seven standard optical fibers.
The fan-in component distributes each signal to one of the cores of the multi-core fiber
so that each of the signals propagates along a separate core of the specialty fiber. A
corresponding fan-out is used to take the signals out of the multi-core fiber and separate
them again into standard optical fibers.

TRANSMITTER-RECEIVER MODULE FOR
HANDLING THE DATA IN MULTI-CORE
FIBER OPTIC/DEDICATED LASER ARRAY
DATA CENTERS
Transmitter-receiver modules are a commonly used piece of hardware which connect
the servers at data processing centers. These modules constitute one of the primary
elements of a data center, while their transmission capabilities have an impact on the
operation of the data center as a whole.
The transmitter-receiver module based on special fibers responds directly to the demands
of the data center operators, which speeds up the transfer of information several times.
This improved performance at a comparable cost, without the need to change the
existing infrastructure, creates tangible savings for the user.
With multi-core fibers bandwidths that are several times higher while taking up the same
space in the server are available. The fiber described had a dedicated VCSEL laser array
developed for it, as these lasers are a commonly utilized light source in this area. This
makes it possible to connect a multicore fiber directly to the existing hardware. As this
laser array is tailored specifically for use with the developed multi-core optical fibers, it
can be said that it utilizes the transmission properties of such fibers to the fullest.
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FEW-MODE OPTICAL FIBER FOR NEW
GENERATION TELECOM NETWORKS
A few-mode optical fiber consists of a single optical fiber containing one core that
propagates several optical signals. A specially designed optical fiber makes use of the
wave-like character of light, thus making it possible to carry out simultaneous data transfers over a couple of independent channels contained in the same physical core area.
In addition, using patented multi-core optical fiber technology, the multi-mode optical
fibers potentially expand the data bandwidth up to 100 times, without taking up more
physical space in the existing telecommunications infrastructure. In each of the cores,
several transmission channels may be created, which leads to major savings. As the
current transmitter-receiver systems still are used in the proposed scheme, the solution
may be immediately embedded within existing networks.

MODE MULTIPLEXER FOR RAISING THE
NUMBER OF TRANSMISSION CHANNELS
AVAILABLE WITHIN THE OPTICAL FIBER
The use of specialty optical fibers has enabled the creation of a new type of optical fiber
multiplexer. This element enables the service provider to raise the number of transmission channels available within a single fiber by a factor of several times. This will significantly diminish the network maintenance cost, in particular for urban networks. At the
moment, the popular WDM (Wavelength Division Multiplexing) method is the one that
is used most commonly. However, the networks using this method are soon going to be
pushed against their capacity limits.
A modal multiplexer is a basic tool that is going to be used within the optical fiber
networks in the future. Multiplying the number of channels happens by using several
modes of a few-mode optical as separate information transfer channels. This provides
more usable channels within a single multi-mode fiber. These fibers are now going to
replace their standard single mode counterparts whose disadvantage is that only one
mode can be used to transfer the data. The device is compact and offers a high level of
selectivity when it comes to addressing the individual transmission channels.
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OPTICAL SOLUTIONS
MARKET
The market focuses on devices built on the basis of optics, which are aimed at serving further
branches of industrial sectors. These optics include high precision measuring devices and special
purpose light sources. Among these, the recently developed high power lasers deserve a special
mention.

PRODUCTS
Devices for Ultra-quick and Precise Measurement of Optical Elements

Fiber lasers are meeting
the requirements of the
industry and over the
last 15 years, they have
revolutionized the market.
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Innovative Broadband IR source for Modern Measurement Systems
Low-cost Semiconductor-based Light Sources for Fiber Optic Sensors
Specialty Optical Fibers for High-Power Lasers
Specialty Optical Fiber Element (pump-signal coupler) for High-Power Lasers
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DEVICES FOR ULTRA-QUICK
AND PRECISE MEASUREMENT OF
OPTICAL ELEMENTS
MARKET DEMANDS
The manufacturing of lens elements used broadly in optoelectronics requires a
high level of precision which creates a major challenge for the manufacturers.
For specific designs, measurement of the lens properties is fairly difficult and
often takes up to several minutes, which is too long for the industry. Moreover,
each and every lens needs to comply with a strict set of norms. The measurement methods used so far require the lens to be precisely aligned with the
measurement system, which extends the measurement time and increases the
cost of the hardware. Furthermore, a long measurement process for each individual lens creates increased costs and reduced quality, in contrast with a situation in which all of the manufactured lens elements could be measured at
the same time. With individual testing, there is a chance that some of the lens
elements would still not comply with the norms, and thus a risk emerges they
would be rejected by the buyer.

SOLUTION IN PHOTONICS
With fiber optics, it is possible to execute more measurement procedures in a
shorter period of time which, in turn, accelerates the production and diminishes
its cost. It is also possible to automate the measurement of the dimensions of all
the optical elements manufactured (and not just a sample). This would ensure
the highest quality of the manufactured material, lower number of rejections
and limit the returns and complaints filed by customers. In this way, the production cost is lowered while the process is made quicker and with higher product
quality.
The lens thickness measurement device is an optical instrument designed for
the purpose of rapid, precise and contactless measurement of the thickness of
the central part of the lens element, directly addressing the industry requirements. The time required to measure the dimension of a single lens is reduced
to several seconds, while the error tolerance is brought down to 5 micrometers
and the measurement repeatability is at least 1 micrometer (0.001 millimeters).
The ability to make such precise measurements in such a short period of time
is completely new. Moreover, this innovative measurement methodology does
not require the lens element to be positioned precisely. With this solution, a
high level of process automation can be applied and the measuring device can
be integrated with a production line (if a dedicated module is being produced).
It is a small device that can be flexibly tailored for specific purposes.
As well as measuring the thickness of glass lenses, the system can also be
used to measure the thickness of plane-parallel optics, elements made of
crystal, or optical elements made of polymer.
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LOW-COST
SEMICONDUCTOR-BASED
LIGHT SOURCES FOR
FIBER OPTIC SENSORS

INNOVATIVE BROADBAND
IR SOURCE FOR MODERN
MEASUREMENT SYSTEMS
MARKET DEMANDS
In the age of innovative solutions, fiber optical elements are being
developed for and applied across a broader wavelength spectrum, which entails the need to test them over a wider optical
range, and thus, in the unconventional range. However, the light
sources market remains limited from the perspective of optical
spectrum diversity. Whilst there are some sources that cover a
relevant portion of the operational optical range of the optical
elements, they frequently prove inadequate for carrying out a full
verification of the system, and they are quite often too expensive
for the potential customer. It often happens that several sources
are used to obtain the appropriate optical range, but this is just
an alternative and not final solution, as it does not optimize resources.

MARKET DEMANDS
Pigtailed (fiber-coupled) light sources are those permanently
connected to an optical fiber, i.e., the emitted light has been
introduced into the optical fiber by the manufacturer. Thus, the
source and the optical fiber integrated with it are sold as a single
component. In fiber optics, the process of introducing light from
the light source into the fiber in an effective manner is critical.
One of the main difficulties is caused by the angular difference
between the light provided by a cheap source and the small size
of the optical fiber. The specialty optical fiber solutions currently
available are much more expensive than those employed in telecommunications, and so, their use is limited. Therefore, there
is a high demand on the market for a cheap, semiconductor-based pigtailed light sources for specialty optical fibers, which
will reduce the costs associated with, for example, sensors based
on special optical fibers.

SOLUTION IN PHOTONICS

In order to meet the needs of implementing light sources for
testing fiber optic elements, a solution utilizing specialty optical
fibers is emerging. The proposed source is designed to adapt
to the customer’s needs in terms of the required optical range.
This solution also reduces production costs dramatically, when
compared to other devices available on the market. The proposed
light source directly addresses the industrial demand, while the
reduced cost will make it possible to deploy the solution across a
previously unexploited area of the market.

SOLUTION IN PHOTONICS
This product consists of a semiconductor-based light source,
appropriate optical elements, and a section of specialty fiber.
Together, these elements form an integrated product which
ensures a low level of signal loss when the light is introduced into
the fiber. This solution is also cheap and easy to mass manufacture thanks to the LED and VCSEL technologies used.

The light source based on fiber optics is implemented by fusing
standard elements used in telecommunications (making it a
cost-effective solution) with unconventional optical fibers. This
innovative light source makes it possible to meet the customer
requirements and has the potential for opening to new applications areas in several sectors, including telecommunications
and industrial metrology. The light source emission spectrum
may be tailored to customer requirements by means of a replaceable element of specialty optical fiber. The offered solution is
unique among the available products on the light source market.
The significantly lower cost associated with accessing broadband
sources also makes it possible to find more precise optical
measurement methods. This light source achieves a new level of
production and testing quality for optical telecom elements at the
production stage.
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SOLUTIONS FOR

HIGH POWER
LASERS

High-power lasers are commonly used in industry for the purpose of performing specialist processing
methods. These lasers are used by both heavy industry for rough processing of the materials (cutting and
welding) and by the industry dealing with precision mechanics and processing of microelectronics. These
lasers are also used in the automotive, aviation, civil engineering, light, and defense industries. The market
demand for lasers is still very high, and the lasers need to be as efficient as possible, delivering more optical
power at a lower cost. This is almost impossible to achieve with the use of older laser technologies.
However, these demands can be met by lasers utilizing optical fibers. Over the last 15 years, they have revolutionized the market due to the advantages they have over other laser types, mainly higher reliability and
lower energy consumption. At the moment laser technology suppliers are not able to manufacture optical
fibers and new generation optical fiber elements optimized for use with high-power lasers. In contrast, they
use commercially available optical fibers which are not adapted to the increasing demand for high powers
and energies. This creates serious limitations in the machining of some industrial materials. The leaders in
fiber optics industry have also been unable to deliver solutions that would meet the current market requirements within that scope. This is because the solutions they have proposed so far that enabled using cheaper
components have also degraded the beam quality and required the use of rigid and uncomfortable fiber
optic rods.
Market demands force the industry to develop entirely new fiber optic elements that could be used with high
power lasers. Specialty fibers will make it possible to combine the ease of use, together with beam quality
and flexibility. This will make it possible for systems using specialty fibers (lasers, amplifiers) to be used where
such devices have not been used so far, for instance, in outer space.

SPECIALTY OPTICAL FIBERS FOR
HIGH-POWER LASERS

Fiber optic lasers use both, fibers that constitute the laser´s active medium where the light generation
takes place, and passive optical fibers for light guiding to the desired location. Thus, the proposed
solution includes high power resistant passive fibers, active and passive fibers for compact high-power lasers with a small bend radius (allowing the hardware to be miniaturized), and active fibers
designed for use in special-purpose lasers. This exhibits higher reliability and capability of working
in conditions that are demanding, for example, in the presence of ionizing radiation. Furthermore,
once appropriate optical fibers are applied, it is possible to reduce the dimensions of the laser.

SPECIALTY OPTICAL FIBER ELEMENT
(PUMP-SIGNAL COUPLER) FOR HIGHPOWER LASERS
The drive towards lasers with a higher power output creates the need to develop a new fiber optic
element - a special pump-signal coupler that would connect the laser part delivering the optical
power with the amplifying component. It could be applied in high-power lasers destined for
material processing (continuous or impulse operation). The know-how has now been developed to
enable individual specialty couplers to be designed.
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Cluster for Photonics
and Fibre Optics

The Cluster for Photonics and Fibre Optics is a group of companies, research bodies
and other organizations working in the very same or related market domains. Our
intention is to establish cooperation in the field of photonics, especially in the area of
fiber optics technology.
The enterprises in this group collaborate in areas wherever it is possible to create
synergy through joint activities, assuming:
•
Diffusion of know-how and employee exchange, within the Cluster for Photonics and Fiber Optics,
•
Increased production efficiency and output,
•
Intensified absorption of innovation,
•
Creating an acceleration environment for the new economic entities working
in the photonics domain,
•
Attracting new members and resources,
•
Pursuing joint projects.
The primary condition that needs to be met in order to create the effect of synergy
is the readiness to cooperate among all participants of the Cluster. That readiness
must be based upon mutual trust since membership also translates into access to a
common base of know-how, training needs, marketing, and R&D activities. The entrepreneurs working together expand their networks, which enables them to scale their
activities up. This is especially important for the smaller enterprises which are cut off
from large markets or major suppliers when working alone.

C O N TA C T
The Cluster for Photonics and Fiber Optics: +48 570 421 608, biuro@klaster-fotoniki.pl
Polish Cenre for Photonics and Fiber Optics: centrum@pcfs.org.pl, www.pcfs.org.pl
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