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"An Earth Odyssey" or Fibersensing 


Alberto Maia, Francisco Araujo, Jose Luis Santos, Luis Ferreira, 
and Pedro Alves 

Cofounders ofFiberSensing 
Porto, Portugal 

Does life sometimes looks like a movie? Or is it the movies that, however 
fantastic, are never as incredible as real life? Well, the process that led to the 
implementation in Porto, Portugal, of a technological spin-off on optical fiber 
sensors with a global vision looks a lot like one of those adventures that we think 
we can only live in a theater near you. 

18.1 "The Meaning of Life" or the Company's Background 

At the beginning of the 1980s, the field of optical communications was 
effervescent, triggering a remarkable set of developments in several science and 
technological domains such as optical fiber design, modeling and fabrication, 
compact semiconductor optical sources and detectors, fast optoelectronics, etc. 

At the time, the activity in optics at the University of Porto's physics 
department was essentially focused on imaging and holography. However, the 
insight of the substantial benefits that would flow from a sustainable R&D effort 
in optoelectronics and optical communications motivated a young staff to tackle 
the big challenge of locally developing these areas from an almost zero starting 
point. 

During 1984, contacts were made with the electrical engineering department 
of the University of Porto to evaluate the feasibility of proposing a large 
framework project in optical communications. The environment was favorable, 
considering the political determination of the government to support such 
initiatives with a strategic decision aimed at technological development in the 
country, which led to Portugal's integration into the European Union (EU) in 
January 1986. The project, named SIFO (Optical Fiber Integrated Systems), was 
approved and launched in May 1985. It provided the logistical and financial 
framework that allowed the formal concretization of an R&D institute (INESC 
Porto), mainly owned by the University of Porto, and with a central mission 
focused on the development of applied research and technology transfer actions. 

The SIFO project was very ambitious in its objectives, particularly if 
compared against the limited knowledge in optical communications mastered by 
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the group at the time. At its peak, around 50 researchers were working on the 
project, which finished with a successful demonstration in 1990. 

As happened in many other places, in Porto the R&D effort in optical 
conununications also stimulated the development of other connected areas such 
as lasers, optoelectronic instrumentation and integrated optics. In particular, in 
1987 Ant6nio Pereira Leite, from the physics department of the University of 
Porto, considered that with the technical infrastructure already in place a 
sustainable R&D program in fiber-optic sensors would be feasible. Abroad, the 
research activity in this area started in the beginning of the 1980s, triggered by 
the fast rate of technological developments in optical conununications. By that 
time, as nowadays, the common technological ground between the two subjects 
was essential to the development of the fiber-optic sensing field. 

Local laboratory conditions were at that time already satisfactory to sustain 
R&D activity in fiber sensing; the need to establish an outside collaboration with 
an international reference group working in the area was clear. In particular, the 
possibility of students from Porto pursuing post-graduation programs in such 
environments was considered critical in order to get a current inside view of the 
developments in the field. The Applied Optics Group of the University of Kent at 
Canterbury, UK, headed by David Jackson, was at the top in the fiber-optic 
sensing area, and Antonio Pereira Leite established contacts with this group 
aiming for such collaboration. Everything was defined during a visit by David 
Jackson to Porto in July of 1988, and in September of that year Jose Luis Santos, 
at the time a PhD student of the University of Porto's physics department, 
traveled to Kent, initiating a collaboration that still exists. 

In the process of developing the fiber-optic sensing field in Porto, Faramarz 
Farahi (at the time, senior researcher at the University of Kent and now professor 
and chair of the Physics and Optical Science Department of the University of 
North Carolina at Charlotte, USA), was also of vital importance. He has been 
present for the several phases that framed the local progress of the R&D activity 
in fiber sensing, helping us with his sharp intuition for novel and important 
developments and always showing a fascinating sympathetic personality. 

In 1992, the Portuguese government launched a large program to carry out a 
qualitative change of the scientific and technological environment in Portugal. 
INESC Porto engaged with this initiative and proposed the implementation of a 
state-of-the-art optoelectronics center. Such a proposal was approved, and during 
1992 and 1993 it was possible to see the build-up of an R&D infrastructure with 
the potential for supporting high-quality work in fiber technology as well as in 
some areas of integrated optics and thin films. For fiber sensing, this 
infrastructure had a fundamental role, not only in the expansion of the R&D on 
multiplexing of intensity and interferometric-based fiber sensors that was already 
under way, but mostly because it allowed the demand for in-house fiber grating 
fabrication, a very hot topic by that time. Indeed, in April of 1994, after one year 
of progress and backward steps, the group succeeded in mastering the FBG 
fabrication process (see Figure 18.1). With this development, INESC Porto and 
the University of Porto were in the front line on the R&D involving fiber gratings 
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and their application in sensing.! Therefore, the local fiber-optic sensing activity 
became strongly polarized along this path, a trend that continues now. 

Figure 18.1 Spectrum of the first fiber Bragg grating manufactured at the Optoelectronics 
Centre of INESC Porto (from Francisco Araujo's logbook). 

The second half of the 1990s turned out to be a very fruitful period on the 
development of the fiber sensing activity in Porto. The implementation of post
graduation programs in collaboration with other universities, the participation in 
Portuguese- and European-supported R&D projects and networks, the qualitative 
and quantitative level of the research results obtained-all are indicators of this 
reality. Also, it was this period in which INESC Porto tried to develop systematic 
initiatives of technology transfer in fiber sensing through collaborative actions 
with local companies. However, all of them turned out to be painfully 
unsuccessful. At the least, they revealed the need for better evaluation of the 
conditions necessary to efficiently implement this process. This was not a simple 
job, but one objective feature that helped the analysis of the problem was the 
recognition of the existence of a large bilateral impedance between the university 
and industrial environments, despite the reciprocal goodwill. This makes the 
R&D interaction rather difficult, which is the source of the obstacles. 

One possible solution to this situation could be the hiring, by the industrial 
partners, of people who had undergone post-graduate training, which would help 
minimize the technology transfer communication impedance. Another possibility, 
more radical and in line with the Anglo-Saxon approach, could be the 
concretization of spin-offs from universities and R&D institutes. In this case, 
there is no impedance matching but, at least at the beginning, it is a more fragile 
solution since it does not stand in a well-established industrial background. 

By 2003 it became clear that, in the Portuguese environment, this spin-off 
model was the only effective path to transfer the benefits of the R&D in fiber 
sensing to society. This was indeed the feeling of Luis Alberto and Francisco 
Araujo, who conceived and set up a plan for an INESC Porto spin-off in this field. 
In particular, the development of FBG integrated solutions for structural 
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monitoring in civil and geotechnical engineering was central in the technical 
objectives of the venture. By integrated solutions, it included all of the steps: the 
conception and fabrication of sensing heads, multiplexing, interrogation units, 
and software for data processing and display. Other areas of intervention were 
also considered for a later stage, such as environmental monitoring, aerospace 
applications, etc. This plan had the necessary institutional support that made it 
possible to launch the company in April 2004. 

18.2 "Goodfellas" or the Founder's Team 

FiberSensing's individual founders are Jose Luis Santos, Luis Ferreira, Francisco 
Araujo, Alberto Maia and Pedro Alves. The first four came from the INESC 
Porto environment, while Pedro came from the testing and measurement market. 

Jose Luis Santos did most of his post-graduation studies in fiber sensing in 
the environment of the Applied Optics Group of the University of Kent, 
gathering the know-how and attitude that later contributed to consolidating the 
R&D activity in this area in Porto. Luis Alberto Ferreira and Francisco Araujo 
did their post-graduate studies in a period where the local infrastructural 
conditions for fiber technology research improved substantially. Together with 
their perseverance, this provided a strong background in fiber sensors, 
particularly in FBG-based sensors, and in measurement techniques, the key point 
that later enabled the launching of FiberSensing. Alberto Maia brought to the 
project his expertise in electronics and experience in integrating electronic 
systems and his team at INESC Porto moved with him to FiberSensing. Pedro 
Alves was chosen to be the face of FiberSensing. His background in conventional 
monitoring systems and his management experience, gathered in a few 
companies in the test and measurement markets, together with his expertise in 
sales and marketing, made him the perfect piece to complete the puzzle. 

Jose Luis Santos is the only founder who is not connected to the company 
from a professional point of view. All the others play senior management roles at 
FiberSensing. This group works very well as a team, complementing each other 
in an environment of constructive interaction. Each of their professional skills is 
necessary for the success of the company, and their different personalities ensure 
that all perspectives of the subject are considered when it is time to make 
decisions. They're stronger together than they would be individually, and a look 
at what was achieved since the project started points indeed to the validity of that 
statement. 

18.3 "The Godfather" or Venture-Capital Funding 

Poised to be a world-class company in the measurement arena and featuring a 
very dynamic and talented team, the choice for venture capital as the main 
financing for the project came very early in the business plan. FiberSensing 
founders wanted to simultaneously achieve three objectives: 
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• Set up a highly skilled product development team, 
• Develop the first set of industrial prototypes, and 
• Establish a worldwide marketing presence. 

Being a business with exceptional potential for growth within the $50-billion 
U.S. target market, with high initial costs involved, few competitors and no 
historical data, the most logical funding source was an equity exchange.2 Enter 
PME Capital, a Portuguese VC, as the business angel who financed the 
company's first business plan, which was put forward when the company was 
officially founded in April 2004. INESC Porto secured its share of the company 
by providing both the team and the necessary technical infrastructure that 
allowed the beginning of the development phase. This comprised the 
establishment of well-defined objectives both at the technical level (the 
development of 10 pre-industrial prototypes and the filing of three patent 
applications) and at the business level (establishing a presence at international 
trade shows with potential customer visits and improving the business plan for 
the industrial phase). The evolution of these two components was continuously 
analyzed by the company's advisory board, which performed an objective and 
independent evaluation of the achieved results. FiberSensing's advisory board is 
composed of seven internationally renowned experts on selected target-market 
segments and in the fiber~optic technologies and optoelectronics field: David A. 
Jackson, Professor, Leader of Applied Optics Group, University of Kent, UK; 
Farhad Ansari, Professor, Department Head, University of Illinois at Chicago, 
USA; Jose Miguel Lopez-Higuera, Professor, Head of the Photonics Engineering 
Group, Universidad de Cantabria, Santander, Spain; Paulo Dias de Carvalho, 
Engineer, Director EPOS, Teixeira Duarte Group, Lisbon, Portugal; Faramarz 
Farahi, Professor, Chairperson, University of North Carolina at Charlotte, USA; 
Francisco Ricardo Nicolas Kaidussis, Engineer, Production Director, Sondagens 
Rodio, Lisbon, Portugal; and Carlos Dinis da Gama, Professor, President of the 
Geotechnical Centre, IST-UTL, Lisbon, Portugal. 

The founders also contributed to the initial capitalization of the company by 
acquiring part of the shares. Unfortunately, the Portuguese VC operators do not 
recognize as an asset the know-how of the individual promoters, the value of an 
existing team, and having a technologically viable idea that is commercially 
promising. Therefore, the founders have to put in their own resources to get some 
participation in the company, which obviously represents a very small share. 

The evaluation of the development phase was highly positive and took the 
company to a new critical moment-its autonomy in human, financial, and 
infrastructural resources. Autonomy implied a new capitalization stage for 
FiberSensing, with the corresponding valorisation/dilution process associated 
with the entrance of a new investor-PME Investimentos, a Portuguese VC firm. 
After this round, and during the industrialization phase, the company structure 
was kept as agile as possible and concentrated on activities related to the 
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production and commercialization of its products in order to have enough 
flexibility to meet different market needs. 

In 2004, FiberSensing was granted the Portuguese Innovation Agency (AdI) 
NEST certification (Novas Empresas de Suporte Tecnol6gico), which is jointly 
awarded by the economy, science, and higher education ministries, under the 
scope of PRIME (the Incentives Program for the Modernization of Economic 
Activities). This was very important because it provided FiberSensing with 
access to a special fund, the FSCR PME-IAPMEI (Fun do de Sindicayao de 
Capital de Risco), which is an instrument for risk sharing between operators 
issued by IAPMEI (Institute for the Support of Small and Medium-sized 
Enterprises) and currently managed by PME Investimentos. For the founders, this 
constitutes a potential way of increasing their future participation in the company. 

In the same year, the company was also one of the winners of the AdI Ideas 
Contest (funded by NortInov), whose objective was to sponsor new technological 
companies based on innovative ideas. 

As of November 2006, FiberSensing accounts for €3.3 million of investment, 
with the major shareholders being the VC firms (PME Capital and PME 
Investimentos), followed by INESC Porto and the founders. The turnover for 
2006 is expected to surpass €0.5 million. For 2007, the main objectives were to 
increase sales dramatically, add resources to the sales and marketing team, and 
establish a worldwide network of distributors and certified installers. The sales 
focus was to be on the applicationslindustries where FiberSensing's product 
range has the most competitive position, such as civil and geotechnical 
engineering and wind generators. 

18.4 "The Matrix" or the Product-Development Strategy 

From day one, it was a strategic decision to design FiberSensing as a product
development-based company. The master pillar of the company, with its solid 
R&D background, is the major support of its market positioning: to develop a 
strong portfolio of off-the-shelf products upon which it is possible to build tailor
made advanced monitoring solutions. These products are sensors, measurement 
units, and software packages for the implementation of integrated fiber-optic 
sensing systems. 

To prop up the outlined strategy, it was mandatory to establish a 
multidisciplinary team with vast expertise ranging from fiber-optic technology 
and optoelectronics to digital electronics, mechanical design, and instrwnentation. 
A major decision was to hire key personnel with diversified industrial 
backgrounds for each of the critical areas. In a start-up company, it is extremely 
important to optimize the efficiency of such a team by establishing a set of 
guidelines that commits each element with the desired end. The paramount goal 
at FiberSensing is to develop the highest-class FBG-based products in the market, 
and this underlying rule is ubiquitous to every phase of the product development 
process-from the concept of the most complex measurement unit to the smallest 
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design detail. FiberSensing's product-development procedure follows the long
established watchmaker's golden principle: for a mechanism to fulfill its function, 
it is not enough to demonstrate outstanding technical performance, since it is as 
important to exhibit exceptional aesthetic design. 

In order to exploit to the maximum the development effort invested in each 
product, it was decided to put forward a platform-type architecture to serve as a 
master for the design of each product. This allows a LEGO-style modular 
approach for the implementation of highest-order assemblies, with each building 
block a part of as many products as possible. The development costs are therefore 
spread over the entire portfolio, and the time to market for new versions or even 
new products is dramatically reduced. Though the implementation of this 
procedure may seem straightforward, it is not difficult to imagine that even a 
limited number of quite simple products are enough to render the complexity of 
the process unmanageable. In fact, the product-development method 
implemented at FiberSensing can only be made cost-effective through the 
adoption of proper product-development support tools, the most important of 
which is Web-based product lifecycle management software that allows on
demand access to the complete structure of each product. By logging in to the 
system, it is possible to review detailed technical information on the simplest 
resistor in an optoelectronic printed circuit board (PCB) or analyze the impact of 
replacing the thin-film transistor (TFT) screen in the complete series of 
measurement units. 

One rather important edge in the process is to take for granted that although 
FBG technology is not an obvious solution for all monitoring problems, its 
inherent advantages enable a straightforward competition with conventional 
electric instrumentation in many niche applications. This statement, while 
widening the range of applicability of the engineered solutions, sets intricate 
constraints on the product-development procedure, the foremost being the market 
approval of designed products. An important decision was to open the product
development process to reap the benefits of early-stage exposure to market 
feedback. Letting such constraints rule the process ensures proper leverage for 
later market competitiveness. The course of action is scheduled in innovation 
cycles that ensure high efficiency of the process by setting well-established 
objectives over a restricted period of time, thus keeping the team effort focused. 

FiberSensing's innovation cycle is organized in annual periods that are 
triggered by a meeting of the advisory board to scrutinize novel concepts a~d 
new products outlined through interaction with key players in the market. This 
first trial already provides a high degree of confidence before undertaking a time
and resource-consuming process. The first prototypes are designed by fitting 
solutions targeted to market guidelines, combining high-quality performance 
with maximum flexibility towards the implementation of integrated monitoring 
solutions. Keeping costs under control is also crucial, and it is particularly 
important to maximize the use of standard te1ecom optoelectronic components 
from the earliest stages of product development. Just as important is the 
implementation of high-precision automation in both the manufacturing and the 
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testing procedures, as well as the continuous training of the manufacturing team 
(Figure 18.2). 

Figure 18.2 Sensor fabrication set-ups at FiberSensing. 

Another important aspect is the capital investment necessary to keep the 
machine running. This revenue is obviously extended over time, and it is 
mandatory to balance internal resources with complementary financial support. 
Nowadays, the most important of these sources is subcontracting in the 
framework of R&D projects, namely the Portuguese Innovation Agency, 
European Union, and European Space Agency. It is important to emphasize that 
the extensive competencies of FiberSensing's product-development team are also 
regularly exploited to perform custom product-development activities through 
direct contracting by other companies. 

It is in this overall context that the intangible asset of the umbilical 
relationship with INESC Porto gains additional value, since fundamental research 
assumes a special relevance by closing the innovation cycle related to the 
generation of new products that ensure long-term market competitiveness. 

18.4 "Terminator: Judgment Day" or Market Positioning 

One of the most important aspects related to a start-up is its market positioning. 
Because FiberSensing is a technological spin-off from a research institute, one 
might think that its market positioning is obvious: highly innovative products that 
will replace all the conventional options available from traditional competitors. 
That couldn't be more wrong. In fact, when we talk about fiber-optic sensors for 
applications 'such as structural health monitoring, we are talking about a 
technology that is disruptive for highly conservative markets. Certainly, in areas 
like civil infrastructures, aeronautics, and oil and gas, it is not enough to present a 
product and label it as the latest technological gadget. The penetration in these 
markets implies that the new products are not only advantageous in terms of 



18. "An Earth Odyssey" or Fibersensing 	 177 

performance when compared with eXlstmg ones, but also, and above all, 
competitive in price. The typical infrastructure owner will not worry about the 
technology that will be used to assess the structural integrity; he will simply 
evaluate the costlbenefit ratio of the proposed solution as a whole. He may even 
get uncomfortable if he knows that the base technology is new and not one 
chosen among the ones he has been using for years. Even the engineers that have 
to effectively use the monitoring solution are more concerned with the 
application rather than the technology. 

These facts were well known by FiberSensing's founders, so a strategy was 
initially developed to ensure a good, rapid market penetration. Such a strategy 
was essentially based on the following action vectors : extensive dissemination of 
the fiber-optic sensing technology, providing the customers with the complete 
solution, designing the products from a · user perspective, competing with both 
fiber optic and conventional technologies, and establishing key partnerships. 

The dissemination of the fiber-optic sensing technology to the potential users 
of FiberSensing's products was achieved by different means, including 

• 	 Direct-marketing near important infrastructure owners and designers, 
monitoring and analysis laboratories, instrumentation companies, etc. ; 

• 	 Participation in the most important events around the world related to 
testing and measurement for different applications, presenting technical 
papers, and/or having company booths at corresponding technical 
exhibitions; 

• 	 Providing free sensors, equipment, and consulting for demonstrations 
involving important market players; and 

• 	 Implementing R&D projects in concert with potential users of the 
technology. 

This last point is particularly important because it contributes not only to 
increased knowledge of the advantages of the technology near the application 
experts but also to product development that is perfectly oriented towards market 
needs. 

One problem with the long time that separated the first demonstrations of the 
exceptional characteristics of FBGs for sensing and their extensive use in 
worldwide monitoring applications has been the absence of complete (and 
comprehensive) solutions in the market. In fact, for a long time companies ' 
dedicated to fiber-optic sensing have been providing only scattered products. 
This means that if an engineer from the application side wanted to use a FBG
based solution, he would have to begin by studying the subject from the 
optoelectronics side and only then procure providers of FBG sensors (often, bare 
FBGs), FBG-reading units, and suitable cables. At the end, he may be able to set 
up something similar to a fiber-optic monitoring system, and probably he would 
be the only one who could play with it. From this point of view, the idea of 
providing the customer with a complete solution, from sensors to data
management software, appeared mandatory for the success of FiberSensing. The 
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positioning of the company consisted therefore in delivering a system that could 
be specifically tailored to fulfill all the requirements of the customer's 
application in a comprehensible way, so that the technicians who have to deal 
with it daily, and who usually are only familiar with conventional electric-based 
instrumentation, can take real advantage of the technology. 

This relates to another point: competition. It is well known that the sensor 
market is huge.3 So theoretically, there is space for a large number of fiber-optic 
sensing companies.4

,5 The problem is that fiber-optic sensing companies have to 
compete with well-established companies operating with traditional technologies, 
which do the job at acceptable prices in a large range of applications. Of course, 
there are a few applications where only fiber-optic sensors can be utilized. But if 
one is limited to those applications, the size of the market is drastically reduced. 
Consequently, product designs must take into account three essential aspects: 

• 	 The cost of the complete solution. The price per sensor must be 
comparable with the ones from competing technologies. 

• 	 Simplicity. Sensors must be provided with connectors, eliminating the 
need for splicing; measurement units must allow fast, simple sensor 
configuration and must have an intuitive, user-friendly interface. 

• 	 Comparison with similar existing products. For example, strain sensors 
embedded in concrete must be similar to vibrating-wire sensors currently 
available for the same application so that they become recognizable by 
typical users. 

Of course, other essential technological improvements were pursued to 
ensure a successful penetration of the FBG-based sensing solutions on the 
monitoring market. From the point of view of the sensors, these included 
increasing the number of parameters that can be measured, providing packaging 
oriented to a variety of applications, and guaranteeing long-term reliability. With 
regard to the measurement units, important drivers were increasing the number of 
interrogated sensors, increasing dynamic ranges and sampling rates, adding more 
compactness and portability, and including data-logging and data-transmission 
capabilities as well as hybrid capacity (mentioned below). 

In the future, standards definition in FBG-based sensing systems will also be 
important. Up to now, only a few isolated efforts in this direction are known, but 
certainly this will be an important movement for this technology. 5,6,7 

The disruptive nature of the fiber-optic sensing technology was clearly 
identified by the FiberSensing executive team as one of its most important 
drawbacks. The idea that users will employ FBG-based sensors in all their 
applications is far too optimistic. To overcome this, FiberSensing introduced the 
hybrid platform, which allows the simultaneous assessment of signals generated 
by a sensing network composed by both electrical and FBG sensors. Based on 
this platform, different measurement units have been implemented, which are 
now conunercially available. These units have a graphical interface that allows 
the user to configure optical and electrical sensors in a similar way, as well as 
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acquire, operate, and store both types of signals. The units are expansible (i.e., it 
is possible to increase the number of electrical and optical channels by inserting 
additional optical-switching modules or data-acquisition cards). These 
characteristics can increase the fiber-optic sensors' opportunities on today's most 
demanding applications, where they still need to be complemented with 
conventional electric sensors that are either cheaper or already installed on site. 
To further explore this idea, FBG interrogation modules were also developed to 
be used in standard data-acquisition systems, already present in most test and 
measurement laboratories. This is the case of the PXI BraggScope, which allows 
the owner of any PXI controller to use FBG technology by simply installing a 
two-slot PXI card module and a device driver. 

Finally, the partnership issue. INESC Porto is an obvious partner for 
FiberSensing. By promoting fundamental research activities on multiple fiber 
optic sensing areas, it is a constant source of new ideas with potential commercial 
interest. Once again, this may ensure innovation, but market penetration is a 
different matter. From this viewpoint, it is particularly important to establish 
partnerships with key companies or entities that position themselves near the 
market (i.e., near the applications), and that can benefit from using FiberSensing 
technology. By developing complete solutions driven by specific applications, it 
is possible to obtain competitive monitoring systems both in terms of 
performance and cost, allowing those partners to win new customers and 
FiberSensing to assess markets that otherwise would be very difficult to reach. 

To be continued ... ("We'll be back!"). 
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