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Abstract: This paper details some significant findings on the use of the fiber Bragg grating (FBG) 
sensors for structural health monitoring (SHM) in aerospace fiber reinforced polymer (FRP) 
structures. A diminutive sensor provides a capability of imbedding inside FRP structures to monitor 
vital locations of damage. Some practical problems associated with the implementation of FBG 
based SHM systems in the aerospace FRP structures such as the difficulty of embedding FBG 
sensors during the manufacturing process and interrelation of distortion to FBG spectra due to 
internal damage, and other independent effects will be thoroughly studied. An innovative method to 
interpret FBG signals for identifying damage inside the structures will also be discussed. 
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1.Introduction 

Fiber reinforced polymer (FRP) composites have 

been used as an engineering material for more than 

six decades. The main attraction of the FRP is its 

superior strength-to-weight ratio. Aircraft and 

defense industries have been spending over billions 

of dollars on the investment of these composites to 

produce lightweight subsonic and supersonic 

aircrafts. The other desirable properties such as the 

ease of fabrication to complex shapes and the ability 

to tailor desirable properties to suit different 

engineering applications are enviable for an 

advanced material. Since the research and 

development (R&D) in the aircraft industry and 

space exploration agencies have been focused on the 

FRP for many years, most of the advanced fiber 

composites available today one way or another have 

their origins in these fields. 

The weight-save or positive weight spiral in the 

aircraft industry directly is translated to the 

enhancement of the load carrying capacity of an 

aircraft (mainly for civil aircraft) while for the 

fighters, it will be translated to the performance 

enhancement (mainly on the fuel carrying capacity 

versus the flying speed). 

As composites are partially made of 

polymer-based materials, they possess very good 

damping and fatigue resistance properties as 

compared with traditional metallic materials. 

The commercial aircraft industry gradually 

replaces metallic parts by FRP composites as much 

as possible. Hence, the FRP composites are 

frequently applied to primary load-bearing structures 

in the newly developed aircraft such as Boeing 787 

and Airbus 380. However, the main disadvantages of 

using FRP composites in the aircraft industry are 

their difficulty for repair, anisotropic behavior, 

degradation of strength with time, high initial setup 

cost, and most importantly the complex failure 
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criteria. Because of these undesirable properties, the 

FRP composite structures in the aircraft need to be 

closely monitored to prevent unexpected failure. 

These structures can include stress-concentrated 

regions such as pin-loaded holes and other cutouts. 

These stress concentrations easily induce damage 

that concurrently includes splits, transverse cracks, 

and delamination [1–3]. It is essential to monitor the 

structure near stress concentrations in order to 

ensure the structural integrity. In view of 

aforementioned issues, the structural health 

monitoring (SHM) technique has recently been 

developed for these composite structures [4, 5]. 

1.1 SHM for FRP aerospace structures 

The process of implementing the damage 

detection and characterization strategy for 

engineering structures is referred to as SHM. Here, 

damage is defined as changes to the material 

properties or changes to the structural response of 

the structure. The SHM process involves the 

observation of a system over time using periodically 

sampled dynamic response measurements from an 

array of sensors. Most of the offline non-destructive 

test (NDT) methods do not fall into SHM. 

With the complex failure modes of FRP 

composites, the need of SHM becomes vital. With 

the increasing utilization of FRP composites in the 

aerospace industry for primary aircraft structures, 

such as wing leading-edge surfaces and fuselage 

sections, has increased. This led to rapid growth in 

the field of SHM. Impact, vibration, and loading can 

cause damage to the FRP composite structures, such 

as delamination and matrix cracking. Moreover, the 

internal material damage can be invisible to the 

human eyes, making inspection of the structures for 

damage and clear insight into the structural integrity 

difficult using currently available evaluation 

methods. 

The SHM system developed to monitor aircraft 

and space structures must be capable of identifying 

multiple failure criteria of FRP composites [6]. 

Since the behavior of composites is anisotropic, 

multiple numbers of sensors must be in service to 

monitor these structures under multi directional 

complex loading conditions. The layered structure of 

the composites makes it difficult to predict the 

structural behavior only by using surface sensors. To 

address this issue, embedded sensors must be used, 

and the sensors used must be with the long enough 

life time since it is not possible to replace embedded 

sensors after fabrication of the parts. 

The fiber Bragg grating (FBG) sensor is one of 

the most suitable sensors for the SHM of aircraft 

structures. The FBG sensors can be embedded in 

FRP composites during the manufacturing of the 

composite part with no effect on the strength of the 

part since the size of the sensor is diminutive. This 

sensor is suitable for networking since it has a 

narrowband with a wavelength operating range and 

hence can be highly multiplexed. This 

nonconductive sensor can operate in 

electromagnetically noisy environments without any 

interference. The FBG sensor is made up of glass 

which is environmentally more stable and with the 

long life time similar to FRP composites. Because of 

its low transmission loss, the sensor signal can be 

monitored from longer distances making it suitable 

for remote sensing [7, 8]. 

Its capability to detect stress gradients along its 

length can be used to identify the stress variations in 

the FRP composites by means of chirp in the 

reflected spectra of the FBG sensor [9, 10]. This 

phenomenon can be used to detect damage in the 

composite structures [11, 12]. But it was reported 

that the chirp of the FBG spectrum was not limited 

to stress concentrations [13]. There are other causes 

of chirp, and it is necessary to eliminate such effects 

to identify damage accurately. 

Other emerging technique in the fiber optic 

sensor field is the pulse-pre-pump Brillouin optical 

time domain analysis (PPP-BOTDA) method [14]. It 

was reported that the 2-cm spatial resolution using 

this system for strain measurement was achieved. 
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The PPP-BOTDA based system has been 

successfully used in various industrial applications. 

However, it was so far able to measure the static or 

quasi-static strain, only. 

1.2 Use of FBG sensors for SHM in aerospace 
structures 

FBG sensors has been using for SHM of FRP 

composites efficiently for more than two decades. 

Recent advances in FBG sensor technologies have 

provided great opportunities to develop more 

sophisticated in situ SHM systems. There have been 

a large number of research efforts on health 

monitoring of composite structures using FBG 

sensors. The ability to embed inside FRP composites 

in between different layers provides the closer look 

upon defects. The attractive properties such as the 

small size, immunity to electromagnetic fields, and 

multiplexing ability are some of the advantages of 

FBG sensors. The lifetime of the FBG sensor is well 

above the life time of the FRP structures, and also 

the sensor provides the measurement of multiple 

parameters such as load/strain, vibration, and 

temperature [15]. 

The use of FBG sensors to detect damage was 

first reported in 1984 by Crane et al. Since then, 

many researchers reported the use of FBG sensors 

for damage detection in FRP composites. FBG 

sensors have attracted much attention for health 

monitoring applications due to their great 

advantages, such as high accuracy in measuring 

strain and/or temperature and multiplexing 

capability. 

Monitoring strain by measuring the wavelength 

shift of the light reflected from the FBG sensor has 

often been applied in conventional health 

monitoring [16]. Gumes and Menendez (2002)[17], 

Barton et al. (2001) [18], Okabe et al. (2004) [19], 

Yashiro et al. (2005) [20], and Epaarachchi et al. 

(2009) [21] have successfully used embedded FBG 

sensors to measure internal strain and investigated 

the change in spectral shapes and change in strain in 

the vicinity of the damage. FBG sensors are also 

sensitive to the longitudinal strain distributions 

along the gauge sections [9-10]. Peters et al. (2001) 

[22] measured reflection spectra in a compact 

tension specimen with an embedded FBG sensor and 

simulated the change in the spectrum shape resulting 

from the large strain gradients. Okabe et al. (2000) 

[11] and Takeda et al. (2002) [12] first utilized this 

feature to detect internal damage in the carbon fiber 

reinforced polymer (CFRP) laminates. Yashiro et al. 

(2005) [20] also demonstrated that the reflection 

spectrum of an embedded FBG sensor was useful 

for identifying damage patterns within the gauge 

section for notched FRP laminates [23]. 

Furthermore, Okabe et al. (2004) [20] used a 

chirped FBG sensor, which had a gradual 

distribution of the grating period, to detect and 

locate transverse cracks in FRP cross-ply laminates. 

Their experimental results demonstrated that chirped 

FBG sensors could provide further information on 

damage locations. Takeda et al. (2008) [24] used a 

reconstructed spectrum to relate chirp in the 

spectrum to damage. 

Yamauchi et al. (2008) [25] reported the 

successful detection of a crack using two FBG 

sensors. Two perpendicular FBG sensors were 

located near a crack, and using the spectra the crack 

was reported identified. 

However, the chirp and distortion to the spectra 

of the FBG are also dependent on the loading 

condition. Wang et al. (2008) [13] reported that the 

transverse loading on the FBG sensor affected the 

spectra. Uncertainties of wavelength measurements 

were also pointed out by Dyer et al. (2005) [26]. It 

was reported that uncertainties of wavelength 

measurements using optical spectrum analyzers 

could lead up to the 1-nm calibration error. 

2. Embedded FBG sensors 

In the layered FRP composite structures, it is 

difficult to use the surface or external sensors to 
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monitor internal damage effectively. The ability to 

embed FBG sensors inside FRP sandwich panels 

between different layers provides a closer look at 

defects such as delaminations and cracks. The FBG 

sensor is sensitive to stress gradients along the 

gauge length of the sensor and display it as a chirp 

from its response spectra. 

2.1 Embedding process 

A major advantage of using FRP composites is 

the possibility of deciding the number of layers and 

layup orientation. In an FRP composite aerospace 

structure, there are number of layers with multiple 

orientations. The layers are placed on one top on 

other, and hence it is possible to embed FBG sensors 

in any layer. 

The process of embedding FBG sensors in FRP 

composites is quite complicated. The level of the 

difficulty is largely dependent on the geometry of 

the part, lay-up configuration, and embedding 

location of the sensors in the part. In general, FBG 

sensors will be placed closer to critical sections of 

the structure where high stress concentrations are 

predicted. However, in reality locating FBG sensors 

in predicted locations are not always possible. In 

those situations, many FBG sensors need to be 

embedded in the surrounding area closer to the 

critical locations of the structure in order to capture 

strain levels. As such, multiplexed FBG sensors play 

a critical role in SHM of aerospace structures. 

Normally, in FRP the damage starts from stress 

concentrations. In the process of implementing SHM 

systems, an identification of the locations that have 

the potential for damage is essential. Finite element 

analysis (FEA) techniques are widely being used to 

identify stress concentrations and hence to locate 

FBG sensors. It is less likely to place FBG sensors 

in simple planer structures in real applications apart 

from if the requirement is mere strain. Figure 1 

shows the FEA analysis on a base of a helicopter 

blade using the commercial FEA software, 

ABAQUS. From the FEA results, the stress 

concentrated points have been identified, and the ply 

with the maximum stress is selected to embed the 

FBG sensor. To monitor the stress concentration in 

Fig. 1, the FBG sensor is placed as shown in the Fig. 

2(a). Figure 2(b) shows the completed part with 

embedded FBG sensors. 

 

Stress concentration

 
Fig. 1 FEA analysis of the helicopter blade base. 

 

FBG Sensor 

 
(a) 

 

Support for the egress end 
of the sensor  

 
(b) 

Fig. 2 Fabrication of the FRP panel with the embedded FBG 

sensor using the autoclave process: (a) embedding FBG sensors 

before being sent to the autoclave and (b) the cured sample from 

the autoclave. 
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The manufacturing difficulty is the main 

problem of placing FBG sensors in a complicated 

location. In advanced manufacturing technologies 

used in the aerospace industry, for an example the 

autoclave process creates hazardous environments 

for the brittle sensor. Every precaution needs to be 

taken not to apply loads on the sensor in the 

non-cured resin matrix during the process. With 

applied pressures as high as 700 kPa, even the egress 

ends of the sensors need to be supported to avoid 

breakage. It is essential to develop methods to 

protect FBG sensors during the FRP composite 

manufacturing processes. Since there is no way of 

replacing damaged FBG sensors after manufacture 

of the component, a strict set of procedures must be 

developed to follow during the manufacture. 

Figure 2(a) shows a support given to the egress 

end of the sensor. Sometimes, it is helpful to have an 

extra protective layer of the rubber applied to the 

fiber to maximize the handling of samples without 

damage to the sensors. 

Figure 3 shows the use of the hand layup process 

to fabricate the FRP panel with embedded FBG 

sensors. 

Since the FBG sensors are brittle, it is needed to 
be extra careful in the process. The silicon rubber is 
applied to the egress end of the sensors to have extra 
protection. Careful attention is essential when 

rolling near FBG sensors as shown in Fig. 3(b). 
For composites, a cheaper production method is 

needed that can characterize the process and produce 

less expensive composites with predictable traits. The 

autoclave process is extremely expensive. Quality 

control is very hard with the hand layup method. A 

cheaper alternative is the vacuum bag and oven 

process, which requires fewer and cheaper materials, 

and produces composites with similar traits. The 

vacuum used has the maximum pressure of 80 kPa, 

which can still produce quality laminates. However, 

most of the aerospace grade composites use autoclave 

curing to get the required quality. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 3 Hand layup process to fabricate the FRP panel: (a) the 

glass fiber fabric with different fiber orientations, (b) rolling 

process, (c) egress ends of the FBG sensor, and (d) the cured 

panel with embedded FBG sensors. 

2.2 Curing effect on FBG sensors 

During the curing process, the FRP composites 
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are subject to shrinkage. The shrinkage depends on 

the resin used and the fiber fraction. The shrinkage 

applies a compressive loading on the FBG sensor, 

and as shown in the Fig. 4 the peak of the FBG 

sensor has moved to a new peak location after cured. 

It was found that pre-tensioning of the sensor was a 

possible solution to avoid this shrinkage effect or to 

locate the peak in a desirable position. The 

longitudinal shrinkage of the sensor does not lead to 

critical problems if the sensor is embedded in 

between unidirectional parallel fibers and parallel to 

the fibers. 
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Fig. 4 Movement of the peak during curing due to shrinkage 

of the thin FRP plate. 
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Fig. 5 Distortion of the peak during curing due to shrinkage 

of the thick (8 mm) FRP plate. 

If the FRP structure is a thin plate, the lateral 

shrinkage can be neglected. But in considerably 

thick structures, the lateral shrinkage is considerable 

and will distort the response spectra of the sensor. 

Especially, when the FBG sensor is embedded in 

between non parallel fibers, the sensor gets distorted 

due to uneven transverse loads applied by adjacent 

fibers as discussed in Section 3. 

2.3 Loading effect of the FBG sensor 

FBG sensors are suitable for strain measurement, 

and the linear unidirectional sensitivity in the axial 

direction of the sensor is desirable for accurate and 

reliable strain readings. In such applications, the 

FBG sensor undergoes pure elongation or 

contraction, and hence, the cross section always 

remains in circular shape. In multidirectional 

loading cases, the FBG sensor may be subject to 

torsional deformation other than linear elongation or 

contraction. For example, when a torque is applied 

to a composite sample which has an embedded FBG 

sensor, it undergoes a twist which may cause 

changes to its cross section. Another possibility of 

the changed cross section of FBG sensors under the 

torsional loading is due to micro-bending of the 

grating [25, 26]. The embedded sensor is not always 

laid on the matrix, and there is a possibility of laying 

an FBG between reinforced fiber mats. In that 

situation, when the structure is subject to the lateral 

pressure, the fiber sitting on the FBG sensor will 

press the FBG sensor against the fibers, causing the 

sensor to get the micro bending. These changes in 

the cross section of the FBG lead to changes in the 

refractive index of the core material of the sensor. 

Since the changes are not uniform along the grating 

length, the refractive index of the sensor unevenly 

varies along the grating length of the sensor causing 

distortion to the FBG spectra. 

As such, it is obvious that the distortion of FBG 

sensors is depending on the type of the loading. The 

effect of the twist and micro bending of FBG 

sensors under the multi-axial loading has been the 

causes for this discrepancy. The change in section 

geometry of the FBG sensor could lead to the 

variation of the refractive index of the FBG core 

material which will cause distortion to FBG 

response spectra. 
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Fig. 6 Distortion of the peak due to the applied torsion and 

tension combined loading. 

2.4 FBG interrogation 

The basic principle of FBG interrogation 

generally is wavelength scanning. The light source 

can be a narrow linewidth tunable laser or a 

wideband light source covering the whole 

measurement band together with a tunable optical 

filter. The wavelength scanning can be realized 

through scanning the wavelength of the laser or 

tuning the filter. Recently, several new technologies 

have been implemented in FBG interrogation 

systems. However, some of these technologies show 

speed limitations, making the interrogators suitable 

for static, long-term monitoring only. Some 

applications are now pursuing adopting large 

number of sensors to be detected with a single 

interrogation system. In such case, a large dynamic 

range is needed in order to compensate for fiber 

losses in the installation and connection. To detect a 

large number of sensors simultaneously at the high 

speed is another challenge. Not all technologies can 

achieve high-speed interrogation and a large number 

of sensors. 

Using a broadband light source to illuminate the 

FBG, part of the light that obeys the Bragg condition 

is reflected, and the rest of the light is transmitted. 

When an FBG undergoes a uniform strain along the 

grating, the FBG sensing principle becomes simply 

tracking the peak Bragg wavelength which shifts 

proportionally to the strain and temperature. 

However in a non-uniform strain field, the Bragg 

wavelength condition is more complicated. 

Consequently, the reflected FBG spectrum is not 

only shifted as in uniform strain field, but also 

broadened and even split into multiple peaks. In 

such a case, the Bragg wavelength is difficult to 

track. 

Among the FBG sensor interrogation 

mechanisms, the most widely used methods include 

wavelength scanning and various interferometric 

approaches. For interrogating a large number of 

sensors, there are wavelength domain multiplexing 

(WDM), time domain multiplexing (TDM) with 

modulated light source, and hybrid technologies. 

The wavelength interpretation can also be performed 

by different ways such as peak wavelength 

searching and tracking, curve fitting, and 

zero-crossing algorithms. Such interrogation 

technologies suffer from speed limitations; these 

limitations preclude their use for vibration, impact, 

and other dynamic measurement which require a 

high interrogation speed. 

The main problem in the practical application of 

the FBG sensors is the development of methods and 

equipment for the high-accuracy measurement of 

small shifts of the Bragg peaks. Commercially, 

available optical spectrum analyzers (OSAs) exhibit 

a resolution of up to 1 pm, which corresponds to a 

temperature variation of 0.1 ℃ and a relative strain 

of about 1.5 μe (micro strain). However, the practical 

application of such devices is limited due to their 

relatively high price. Unfortunately, an OSA is often 

a poor choice if high-accuracy results are needed. 

One source of error is wavelength calibration. 

The operating range of the OSA limits the 

multiplexing capability of the sensors. Each sensor 

should be placed so that the operating ranges are not 

overlapped. In strain applications, the maximum 

wavelength shift possible without breaking the 

sensor is about 4000 micro stain which is a 
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limitation to use FBG sensors. 

3. Self distortion of the FBG sensor 

Embedding FBG sensors in between non parallel 

fiber layers will lead to the application of uneven 

transverse loads on the FBG sensor as shown in Figs. 

7 and 8. The pressure load applied on the FBG 

sensor by the outer glass fiber layers can distort the 

cross section of the FBG to an oval shape. Since the 

FBG sensor is placed in between non-parallel fiber 

layers, the micro bending of the sensor is also 

possible. The top layer fibers undergo tension due to 

loading. Due to the large diameter of the FBG 

sensor compared to the diameter of glass fibers, 

there are additional transverse forces on the FBG 

sensors which lead to a micro bending as shown in 

Fig. 8. 

These effects will lead to a variation of the 

refractive index of the core material, causing the 

chirped spectrum. The variation of the Bragg 

wavelength λBragg, as a function of the change in the 

refractive index Δδn and the grating period δΛo, is 

given by 

δλBragg= 2Λoη Δδn + 2neffδΛo           (1) 

where η is the core overlap factor of about 0.9 times 

the shift of the Bragg wavelength, neff is the mean 

refractive index change, and Λo is the grating period 

[14]. 

 

Cylindrical cross section 

Torque 

Oval cross section  

Fig. 7 Twist of the sensor due to the torsional loading. 

The effect of the twist and micro bending is 

independently identified by separately subjecting an 

embedded FBG sensor to the twist and micro 

bending. It has been observed that the micro bending 

causes small sharp peaks on FBG spectra [Fig. 9(a)], 

and twisting causes chirp with smooth peaks [Fig. 

9(b)] [27, 28]. 

 90 fibers

45 fibers

FBG sensor

Tensile load on fibers

Transverse forces on the FBG 

 
Fig. 8 Transverse loading on the FBG sensor causing the 

micro bending of the sensor. 
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(b) 

Fig. 9 Distortion to the FBG spectra during loading:      

(a) distortion of FBG spectra due to the micro bending and    

(b) distortion of FBG spectra due to twisting of the sensor. 

4. Reading FBG response and 
identification of damage 

From the observations, it is clear that the 

multiple causes lead to distortion to the FBG 
response spectra. Most of the effects cannot be 
eliminated in advanced aerospace applications. In 
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order to identify damage from the distortions to the 
FBG response spectra, the individual effect from 
each effect needs to be identified and eliminated. To 
identify the pure effects from the damage, the 

extensive computational power is required for post 
processing of the spectral data. Figure 10 shows 
FBG response spectra from an FBG embedded near 

a damaged location, and the part is under the 
complex multi-directional loading. 
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Fig. 10 Distorted FBG spectra due to multiple effects. 

As a consequence in the laboratory environment, 

it is possible to discuss and interrelate the spectra 

with the damage by creating an artificial damage 

and observing spectrum of an FBG which is 

embedded closer to the damage location. But in the 

real application if such spectrum is observed, it is 

very difficult to interpret the spectrum in order to 

identify the damage. 

4.1 Processing FBG data 

One approach to overcome the difficulties 

mentioned above is to develop a system to adapt to 

the initial conditions of the structure. The responses 

of the FBG during the undamaged states of the 

structure can be recorded, and this recorded data can 

be used as a “reference”. Therefore, the isolation of 

possible “reference” data from a distorted spectrum 

of any embedded FBG sensor will definitely provide 

the subsequent distortions to the spectra caused by 

accumulated damage. Historically, statistical 

methods such as artificial neural network (ANN) 

have been used to analyze the data associated with a 

large number of random variables. The ANN can be 

successfully employed for the analysis of data from 

SHM systems which has a large number of 

associated random variables. The ANN can be 

trained with undamaged data, and subsequently, the 

trained ANN can distinguish any new spectral 

variation. The main drawbacks of this method are 

the difficulty of decoding distorted FBG spectra to 

feed in to the statistical algorithm ANN and the 

amount of data needed for the training stage. To 

address the above issues, the “fixed FBG filter 

decoding system” [29] was developed to capture the 

distortion to the FBG sensor response spectra. 

4.2 Fixed FBG filter decoding system 

The system for decoding FBG spectrum using 

fixed FBG filters has been developed by several 

researchers, and the system used in this research 

work is shown in the Fig. 11. 

There are several attempts to fit the curves using 

mathematical functions, and one of the common 

methods used is the Gaussian curve fit. The sensor 

reflectivity can be expressed as 
2

0 0( , ) exp[ ( ) ]s s sS y S            (2) 

where y0 is the added offset to represent the dark 

noise, s  is a parameter related to the full width at 

the half maximum (FWHM), λ is the wavelength, 

s is the central wavelength, and S0 is the initial 

reflectivity of the fiber. 

 

Integrated OSA+ 
tunable laser

CPTLS

FBG spectrum 
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Fig. 11 FBG spectrum decoding system. 

FBG sensor embedded 

in the sample 



                                                                                             Photonic Sensors 

 

  212 

Unfortunately, the Gaussian fit always gives an 

error for a distorted spectrum as shown in Fig. 12(a). 

Realistically, the distorted spectrum must be 

considered as a piece wise continuous function, fpc, 
in order to capture the distortion to FBG spectra [Fig. 

12(b)]. 

 
Fig. 12 Fitting the FBG spectrum with mathematical 

functions: (a) the Gaussian fit and (b) the piece wise continuous 

function. 

Consequently, the optical power P of the 

distorted signal can be obtained using following 

integral: 

  
b

a

t

pc
t

P f dt              (3) 

where   is the constant depending on the power of 

the source, ta and tb are the integral limits in the time 

domain. Apparently, the power integral at each point 

is proportional to the strain [Fig. 12(b)]. 

The system consists of an FBG sensor, a fixed 

FBG filter, a photodiode (PD), two fiber optic 

couplersand data acquisition systems (DAQ), as 

shown in Fig. 11. The reflected spectrum from the 

FBG sensor is input to the fixed external FBG filter 

through the couplers. The fixed FBG filter is used to 

get the wavelength reference to the corresponding 

decoded electric signal. Consequently, the 

intersection of the two spectrums will be outputted 

by the PD. The signal is captured by the high speed 

DAQ which is connected to the PD. 

Figure 13(a) shows the PD voltage in the time 

domain corresponding to the intersection of the 

spectra shown in Fig. 13(b). The tuneable laser 

frequency allows recording the voltage reading 

directly in the time domain. Since the filter spectrum 

is fixed, the intersection of the two spectra depends 

only on the sensor spectrum position. The variation 

of the intersection is used to estimate the location of 

the peak and then the strain at the sensing point. 

Furthermore, any distortion to the spectrum is 

visible from the PD voltage-time plot. 
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0 0.0005 0.001 0.0015
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33.5 (a)
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Fig. 13 Intersection of the FBG spectra and the PD reading 

at 1550 N. 

The system can be a set of similar unit systems 

which enables wider operating range. 

Data captured using the system is used to 

identify damage using an ANN. Figure 14 shows an  

 
Fig. 14 ANN used to identify damage. 
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ANN used to estimate the damage status using the 
decoded data with three fixed FBG filters. With the 
adequate training, the damage was predicted with 
0.3% RMS error. 

Other statistical methods such as stochastic 
analysis may also be used for the spectral data 
analysis in order to identify damage to FBG 

response spectra. 

5. Conclusions 

The superior performances and the unique 
advantages of the FBG sensors have strongly 

established their place for the SHM of aerospace 
FRP composite structures. At this stage, the success 
of the SHM with FBG sensors are limited to the 

laboratory environment. However, to make this 
technology applicable in real life applications more 
research is warranted. The embedding technology, 

robustness of the sensors and FBG interrogation 
techniques must be critically addressed. The post 
processing of FBG spectral data needs to be 

developed with the recent advancements of 
statistical data analysis algorithms. 
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