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Accuracy of scanning interrogation of FBG sensors

Frantǐsek Urban Jr1 , Radek Helán2 , Frantǐsek Urban Sr3

Progress in the fibre optic technology spurred the development of optical fibre-based sensors. A successful fibre optics-
based element for sensorial systems is fibre Bragg grating. It allows to read the measured value by the spectral shift of
light, which is the variable with a good potential for accurate measurement. Various types of the interrogation of the light
spectrum reflected from the measuring grating are discussed in this article and the work concentrates on the spectrum

scanning that gives the good chances to diminish measuring errors by a proper choice of parameters. The focal point is
the accuracy of establishing the correct value of the maximum reflectance wavelength. The significance of the noise in the
photoelectric scanning signal for the measuring accuracy is analysed and the crucial factor is found in the minimizing the
reflectance spectral width of the measuring grating and using the spectrum of the scanning light with the same or smaller
spectral width. An important aspect is the relation of the maximal reflectance and the wavelength width of the measuring
grating reflectance spectrum. The article also shows the potentiality of the apodized gratings for improving the scanning
interrogation. A specific index apodization profile was analysed and its advantages are discussed.
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1 Introduction

Optical fibre-based sensors began finding their applica-
tion in measuring the values of physical quantities shortly
after the optical fibers obtained the prime position in
telecommunication data transfer [1-8]. Fibre Bragg grat-
ings (FBGs) were found to be specific wavelength selec-
tive fibre elements with great prospects in optical signal
filtering. They were soon investigated with objective to
use their facilities in sensing, first for scientific, then for
commercial applications [9-16].

Fibre Bragg gratings are elements formed in the core of
a single-mode optical fibre (SMF) by variation of its core
refractive index. Periodical or quasi-periodical changes of
the fibre core refractive index create a longitudinal dis-
persive structure that reflects light in a narrow range of
wavelengths around the central Bragg resonance wave-
length λB [17-20]. The behaviour of the structure can be

represented by a selective optical filter in which the Bragg
wavelength is given by

2ΛG =
sλB

neff
, (1)

where, s - is an integer, Bragg order; ΛG - is the Bragg
period of the refractive index; neff - is the effective re-
fractive index of the waveguide with the grating, [17].

In the same way, the transmitted light lacks the part
of the spectrum reflected from the grating. All physical
factors that can alter either the period ΛG or the effec-
tive index neff of the structure can influence the reflected
spectrum of the grating, see Fig. 1. Amongst the most
used are temperature of the fibre, strains, twists of the
fibre, fibre bends. The spectrum changes induced by the
physical agents are mostly expressed by the wavelength
shift of the spectral reflectance maximum of the biased

Fig. 1. Fibre Bragg grating sensing principle
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Fig. 2. FBG interrogation by edge filter overlaying: (a) – edge
filter reflectance spectrum rR and FBG reflectance spectrum rG
overlaying, (b) – evaluation schematics with IR being the reference
signal of rG spectrum, and IRG the detected signal of overlaying

the rR and rG spectra
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Fig. 3. Interrogation of the FBG by the spectral decompozition,
(a) – principal scheme, (b) – signals at the detector array

grating. The wavelength shift that bears the sensing in-
formation is highly resistant to the disturbances in the
measurement and it is mostly very accurately related to
the measured physical value.

The interrogation of the fibre Bragg grating based sen-
sorial elements is the task to evaluate the spectral shift of
the reflectance (or transfer) spectra of the grating corre-
sponding to the measured value. This task can be solved
in a number of ways, each one giving a specific compro-
mise between the accuracy and the data acquisition fre-
quency [21,22].

A generally accepted fact is that direct spectral wave-
length measurements belong to the most accurate mea-
surements ever. On the other hand, the wavelength mea-
surements are not the fastest ones, by far. Favourite meth-
ods of grating wavelength evaluation are those which con-
vert the wavelength shift of the grating spectrum to the
intensity of the reflected/transmitted light for further di-
rect detection. The overlaying of the measured spectrum
with the triangle-like spectrum of the edge filter can serve

as a representative of these methods. In this method, the
radiation of the broadband light source like a superlu-
miniscent light emitting diode (SLED) or amplified spon-
taineous emission (ASE) based source is lounched to arm
1 of the fiber circulator, see Fig. 2. Light then propagates
to arm 2 where it is reflected from the measuring FBG.
The reflected light further goes to arm 3 of the circulator
where it is reflected from the reference edge filter that
converts the spectral position of the reflecting maximum
of the FBG to the relevant intensity level. This combined
reflection is then detected and converted to the electrical
signal in arm 4 of the circulator. To diminish the influ-
ence of the intensity fluctuations and spectral uneveness
of the optical source and the influence of loss instabilities
in the optical network, the detected signal IRG is refer-
enced by signal IR , the detected sample of the reflection
from the sensing FBG. Having the capacity of working
very fast, this method suffers from low accuracy, nonlin-
earity and time instability. Instabilities and noises of the
optical sources and detectors can seldom allow the ac-
curacy of this method to reach the level of 10−3 of the
measured range that leads to the wavelength shift reso-
lution ΔλG not better than 10pm.

Opposite situation is met with the measurement of the
FBG spectrum wavelength shift by the decomposition of
the spectral components of the measured light and their
parallel detection and evaluation, see Fig. 3. Here, the
light from the broadband source goes to arm 1 of the cir-
culator, then from arm 2 to the measuring FBG where it
is reflected and through arm 3 comes to the bulk diffrac-
tive element that reflects each spectral component of light
in a different angle. The diffractive element works in the
measuring range Δλm = λmax − λmin, going from the
shortest measured wavelength λmin to the longest mea-
sured wavelength λmax. The separated spectral compo-
nents with wavelengths λn in the measuring range Δλm

reach individual cells of the CCD, CID or diode detec-
tor array D1-DN, where they are converted to electrical
signals and evaluated.

Wavelength resolution of the FBG interroation in this
case depends on the tetector array size, often the achieved
resolution goes down to several pm. The implementa-
tions of this method are usually very stabile, although
with not very fast response. As the most common spectral
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Fig. 4. Scaning interrogation scheme
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range used in FBG sensing is the O band 1310 nm, where
fibres are still only moderately sensitive to the bending
losses. However the necessary GaInP detector arrays are
representing considerable cost rising factor here. With the
pixel count of N = 2048 px and measuring range Δλm

for one FBG being around 3 nm, we can expect the spec-
tral resolution of this method

ΔλG =
Δλm

N
= 1 to 2 pm. (2)

For the case of more simultaineously interrogated FBG
sensors in the wavelength multiplex, the range of the de-
tector pixels is divided to the sub-ranges for the indi-
vidual gratings resulting in worsenned resolution ΔλGM

proportionally to the number M of the simultaineously
interrogated gratings

ΔλGM = MΔλG . (3)

The limited number N of the detector pixels in the de-
tector array limits the spectral measurement resolution.
That factor can be avoided by means of spectral scanning.

2 Spectral scanning

This interrogation method is based on the source of
tuneable light with a narrow-band spectrum. As shown
by the scheme in Fig. 4., the light source is connected to
the fibre isolator and a 50:50 symmetrical coupler. That
splits the incident light to two arms, the arm with the
interrogated series of gratings and the arm with the ref-
erence detector. After the light is partially reflected from
the sensorial FBGs, it is forwarded back to the coupler.
The reflected light then reaches the measuring detector.
The signal of the measuring detector is then normalized
to the reference detector received value. The light tun-
ing follows the linear ramp function as shown in Fig. 4.
The central wavelength of the tuned light λs goes lin-
early in time from the λs,min to the λs,maxvalue. The
light power incident to the signal detector reaches the
maximum when the scanning light wavelength λs crosses
the wavelength of the maximal reflectance of the measur-
ing FBG. The time of that maximum is then located from
the signal of the measuring detector and recalculated to
the wavelength value of the maximal reflectance of the
sensorial grating. Typically, one can see the two types of
spectrum scanning. Very often we see the first type that
uses an ultranarrow band tunable optical source, often a
distributed feedback-based laser diode (DFB-LD), offer-
ing the spectral bandwidth in a −20 dB drop, typically
Δf20 < 100 MHz, Δλ20 = 0.8pm. The drawback of this
type of scanning is the low tuning range λs,min to λs,max

and the low speed of the laser diode tuning kλ. The cost
saving DFBs, standard telecom grade ones, provide the
modest tuning range of 10 nm in the O or C band and
not more than kλ = 10nm/s tuning speed. The second
type of scanning uses the stable broadband light source
(for instance a superluminescent light emitting diode,

SLED) filtered by a tunable narrowband Fabry-Perot fil-

ter to scan the FBG spectrum. This combination gives the

scanning frequency to several hundreds Hz and the tun-

ing range up to 100nm. This situation allows connecting

more than 20 FBGs to the scanning interrogator in se-

ries. On the other side, the tunable FP filters work with

a much wider spectrum line than what one can get with

DFBs. The typical value of the FP filter full width half

maximum linewidth (FWHM) is ΔλsF
∼= 60pm, hence

Δλ20
∼= ΔλsF/0.603 = 99.5pm, [22].

The photoelectric signal Im(t) of the measuring detec-

tor corresponds to the reflectance spectrum of the sensing

FBG. However, the time dependence of the signal Im(t) is

not a fully linear copy of the FBG spectrum. In practice it

represents a corelation function of the spectral reflectance

of FBG and the scanning light spectrum and is expressed

as

Im(t) =

λmax∫
λmin

rg(λ)Is

(
λ−Δλs(t)

)
dλ, (4)

where Δλs(t) = kλt is the wavelength shift of the scan-

ning spectrum, rg(λ) is the spectral light reflectance of
FBG, and Is(λ) is the scanning light spectral intensity.

The main peak of the time signal received at the mea-

suring detector has its maximum positioned at the in-

stance of coincidence of FBG spectral reflectivity max-

imum and tunable source spectrum maximum provided

the two spectra are near to symmetrical with respect

to their maxima. The full width at half-maximum value

of the time signal peak is generally different from the

original FBG spectrum. It can be widened or narrowed

depending on the scanning spectrum linewidth. Figure

5. shows some examples of scanning. We can compare

the time signals Im(t) represented in the wavelength

domain (green lines in the spectral charts) with the

shape of the original grating reflectance spectrum (blue

lines in the spectral charts). The presented cases use the

scanning spectrum FWHM linewidth narrower (30 pm),

equal (82.5 pm) and wider (120pm) than the FWHM

linewidth of the interrogated grating. The interrogated

grating parameters are as follows: grating type is uni-

form (design No. 10-82) with the amplitude of the refrac-

tive index modulation Δn = 1.25× 10−4, grating length

L = 11mm, grating reflectance maximum rmax = 85.6%,

grating reflectance FWHM linewidth ΔλGF = 82.46 pm.

The graphs in Fig. 5 demonstrate the changes of the

scanned spectra, where the FWHM linewidth and the

shape of the top of the spectrum are important affected

parameters. Both of them are significant for the noise in-

fluence in detecting the wavelength position of the grating

reflectance spectral maximum. The key issue of the FBG

spectral shift interrogation is the accuracy of the detec-

tion of the wavelength position of maximum grating re-

flectance. This accuracy is established by the resolution of

the wavelength measurement ΔλG, which is determined
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Fig. 5. Uniform grating design No. 10-82, (a) – refractive index profile; original and scanned spectrum of the grating with (b) –
ΔλsF = 30pm, (c) – 82.5 pm, and (d) – 120 pm
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Fig. 6. The effect of superimposed noise to the location of re-
flectance maximum

by the scanning period TSC, the sampling period TSA of
signal Im(t), and the scanning wavelength range, [22]

ΔλG = (λs,max − λs,min)
TSA

TSC
≤ 0.01 pm. (5)

Provided the tuned light wavelength shift is a linear
time function in the range of λs,max − λs,min, as shown
by the graph in Fig. 4 and the sampling period is short,
the wavelength resolution can be very small.

Two fundamental factors influence the detection of the
wavelength position of the maximum grating reflectance.

The first one is the linewidth of the central maximum of

the reflectance spectrum of the grating, the second one is

the noise superimposed on the time signal Im(t) at the

measuring detector circuit.

3 Noise

The time signal Im(t) detecting the time evolution of

the reflexed power from the scanned grating is distorted

by the superimposed noise IN . It aggravates the correct

determination of the wavelength position of the scanned

grating reflexivity maximum. The photodetector circuits

of the scanning system bring several sources of noise that

affect the signal. The most important ones are the dark

current detector noise IDN, the detector shot noise ISH
and the thermal noise of the detector load circuit ITH.

In our case, in sensing networks, we can see relatively

high levels of the received optical signal with respect to

the usual levels seen in the fiber data communication sys-

tems. This implies the dominating noise source is the de-

tector shot noise ISH. The typical example with the most

common values of the receiver bandwidth WB = 1MHz,

transimpedance load resistor RC = 50 kΩ, detector dark

current ID = 1nA, detector photoelectric current for the

100% grating reflectance I0 = 50μA (corresponding to
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the received power in order of 50μW ) shows these RMS
values of noise currents, [22]

IDN =
√
2eIDWB = 30 pA,

ITH =
√
4kTWB/RC = 0.57 nA,

ISH =
√
2eI0WB = 4nA

(6)

therefore IN ∼= ISH = 4nA. So, we get the signal to noise
ratio at the photoelectric receiver in the form

IS
IN

=
I0rmax√

2eI0rmaxWB

= K
√
rmax

∼= 104. (7)

Here, the grating factor is represented by the grating
reflectance rmax. The signal-to-noise ratio therefore lin-
early grows with the increase of the square root of the
grating reflectance

√
rmax. Besides, there is another con-

clusion of our application example, showing that the noise
root mean square IN of the superimposed noise on the
detector time signal Im(t) is in the order of 10−4 of the
signal current Im(t) at the spectral top of the grating
reflexivity. This situation is shown in Fig. 6.

The superimposed noise IN gives the origin of rising
errors in determining the time and wavelength position
of the time signal Im(t) maximum and hereby the errors
in determining the reflectance spectral maximum.

In Fig. 6 one can see that the detected maximum in
the signal, composed of the photoelectric response Im(t)
to the light reflected from the scanned grating and the
superimposed noise current with the root mean square
value IN = 10−4I0, will be found with high probability in
the time interval ΔλGε/kλ or in the relevant wavelength
range ΔλGε .

� ��G G- ( )
�

/ 2 � ��G G+ ( )
�

/ 2�G

� �

P( )�

P( ) = 2 /� ��G G�

Fig. 7. Probability rate of the position of maximum in Im(t) signal

We will call that important interval ΔλGε the grating
noise linewidth. Probability rate P (λG) of the position
of the maximum in Im(t) signal with the superimposed
noise IN, is not constant in the grating noise linewidth
ΔλGε . The probability rate P (λG) can be, with insignif-
icant simplification, represented by the ramp function, as
shown in Fig. 7. Here we can see that the highest proba-
bility of finding the grating reflectance maximum is in the

central position λ = λG. The root mean square deviation
of the location of detected maximum from its central po-
sition, in other words the mean error of the wavelength
position of the maximum reflectance measurement, is

σ =
ΔλGε

2
√
6

. (8)

Regarding the fact that in most cases of uniform grat-
ings the spectral reflectance r(λ) has the form

r(λ) = rmax

(
sinκ

κ

)2

, κ =
2π(λ− λG)

ΔλG20
, (9)

one obtains

ΔλGε
∼= 0.022ΔλGF,

λGF
∼= 0.603ΔλG20,

(10)

where ΔλG20 represents the spectral linewidth at −20dB
drop below the maximum.

Therefore, a further important factor in the grating
design affecting the accuracy of the maximum reflectance
position measurement is the grating noise linewidth
ΔλGε that is related to the grating reflectance spectral
linewidth in the half maximum ΔλGF. As the parame-
ters

√
rmax and ΔλGF are not independent, we define

the grating quality factor

QG =
rmax

ΔλGF
(−,%, nm). (11)

This assesses the grating design from the point of ac-
curate scanning interrogation.

4 Grating design

The grating parameters like maximum reflectance
rmax and the reflectance full width half maximum spec-
tral linewidth ΔλGF are mutually coupled quantities.
The physical length of the grating in the fibre is the main
factor influencing these two parameters. The length of
the fibre grating for the sensorial use is often limited or
determined by the specific application. Frequently, the
designer meets the request for a limited grating structure
length due to the needs to limit the subsequent troubles
in proper fixing or protecting the fibre sensorial structure.
The design simulation results shown in the 3D graphs of
Figs. 8(a) and (b) depict the relations of the grating full
width at half maximum linewidth ΔGF and the grating
noise linewidth ΔλGε to the length L of the gratings
and to the grating maximal reflectance rmax. The graphs
in Figs. 8(c) to (e) give the guidance for the optimal
choice of rmax, and the achievable values of the grating
noise linewidths for various typical lengths of the uniform
grating used in sensorial applications. Further, Fig. 8(f)
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Fig. 8. (a) – Uniform rating reflectance linewidth versus grating length and reflectance, (b) – grating noise linewidth versus grating
length and reflectance; grating quality factor and noise linewidth of the uniform grating versus grating reflectance for different grating
lengths: (c) – 4.35mm, (d) – 5.5μm , and (e) – 11mm; (f) – scanned noise linewidth ΔλGSε of the uniform grating design No. 10-82,

ΔλGF = 82.5 pm, scanned by the FWHM scanning spectrum linewidth ΔλSF

shows the scanned noise linewidth ΔλGSε of the uni-
form grating No. 10-82 when scanned with the scanning
spectrum linewidth varying from 0 to 120pm. According
to Fig. 5(b) while scanning with an ultra-narrow band
source, the time signal Im(t) practically copies the spec-
tral grating reflectance.

Im(t) = IS0rG(kλt) , (12)

where IS0 is the photoelectric response to the light in-
tensity of the light source, and rG(kλt) = rG(λ) is the
spectral reflectance of the sensorial grating. This situ-
ation gives the scanned noise linewidth ΔλGSε practi-
cally equal to the noise linewidth ΔλGε of the scanned
grating itself, see also Fig. 8(f). It is therefore interest-
ing to see which design parameters influence the grating
noise linewidth and which values of those parameters can
provide us with the low noise linewidth value. The FBG
design works [11,17,18,20,22] bring attention to the fact
that the FWHM linewidth of the grating is grossly af-
fected by the grating length and the reflectance. This re-
lation is shown in the uniform grating design simulation,

Fig. 8(a). The fact that the values of the noise linewidth
of the gratings, as defined in Fig. 6, are, even for uni-
form gratings, not accurately proportional to the gratings
FWHM linewidths depicts the graph of the experimen-
tal results in Fig. 8(b). There we can locate the area of
maximal grating reflectance values and grating lengths to
get the minimal noise linewidth. It is spread around the
grating length L = 10mm and rmax

∼= 60%. Then, this
way optimized uniform grating (design 10-60) gives the
noise linewidth ΔλGe = 1.3 pm and the mean error of
the maximum reflectance wavelength measurement (8),
σ = 0.265 pm, [22].

This is also supported by the graphs in Figs. 8(c)-(e),
where one can see the behaviour of the measured grating
noise linewidth and the calculated grating quality factor
- as defined by (11) - for varying maximal reflectance.
The graphs show the situation for three selected grating
lengths within the most popular grating lengths interval.
They support the conclusion that the suitable range of
the maximal grating reflectance rmax for the scanning
interrogation goes from 50 to 70%. As for the grating
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Fig. 9. (a) – Grating refractive index variation, and (b) – reflectance spectrum of the Design SAM-22 cos2(πx/L) apodized grating,
L = 10mm, ΔλGF = 169 pm, rmax = 91%,SLS = −36 dB

length L, both simulations and the experiments show
that the best results and the minimal values of the noise
linewidth are seen with the lengts of the grating at the
upper end of the applicable lengths interval, L ≥ 10mm.

This was the situation of the grating spectrum scanned
by the ultra narrow scaning spectrum. Scanning with a
wider linewidth spectrum, such as the tunable FP filter
spectrum with the scanning spectrum FWGM linewidth
similar or comparable to the one of the grating itself,
makes the situation more complex. The shape of spectral
intensity of the scanning light IS(λ) has the FWHM
linewidth ΔλSF.

In general, this is different from the FWHM linewidth
of rG(λ), and consequently, the linewidth and the shape
of the the spectral corelation function Im(λ), see (4), is
also different from rG(λ). Analyzing this effect we find
the minimal value of the scanned grating noise linewidth
Δλ

GSε in the case of the interrogated grating and the
scanning filter bear the equal values of ΔλF

ΔλSF = ΔλGF . (13)

The simulation of this situation for the uniform sensual
grating, Design 10-82 with L = 11mm, rmax = 85.6%,
ΔλGF = 82.46 pm, is shown by the graph in Fig. 8(f).
Here, the minimal value of scanned noise linewidth is
ΔλGSε = 0.99 pm and the RMS error σ = 0.20 pm for
the case of scanning with the scanning filter linewidth
ΔλSF = ΔλGF = 82.5 pm. Let us point out that the opti-
mal minimal scanned noise linewidth of 0.99 pm is nearly
half of the scanned noise linewidth ΔλGSε = 1.82 pm and
RMS error σ = 0.37 pm of the same grating obtained if
scanned with the ultra-narrowband tuneable source with
ΔλSF ≈ 0.

The rules for the grating optimal reflectance and
length to maximize the accuracy in measuring the spec-
tral shift of the reflexivity of sensorial gratings, as shown
in Fig. 8, are applicable fully to the design of the uniform
gratings. Progress in the grating production technology
gives some means to manipulate with the grating reflec-
tivity spectrum and therefore some means to further im-
prove the accuracy of the measurement. These means are

in the modification of the grating structure of the longitu-
dinal changes of the refractive index. This process, orig-
inally used to suppress the magnitude of the reflectance
spectrum side lobes, got the name grating apodization.
The simulation and the practical experiments have shown
a good chance to decrease, by grating apodization pro-
cess, the noise linewidth of the grating noticeably below
the limit achievable by the uniform gratings.

5 Grating appodization

The grating structure with the amplitude of the lon-
gitudinal quasi-periodical change of the refractive in-
dex along the fiber axis modulated by a specific func-
tion is referred as an apodized grating. Several types of
apodization with cos(x), cos2(x), sinc(x), Gaussian and
other apodizing index amplitude functions found inter-
esting applications. An important feature offered by the
apodization is the grating reflectance spectrum side lobes
suppression. Figure 9 shows this typical situation. The
index apodization function used here is cos2(πx/L) and
the refractive index variation in the fibre core along the
fibre x-axis is

Δn(x) = nc +Δnph

(
1 + cos2

πx

L
sin

2πx

ΛG

)
, (14)

where nc is the refractive index of the fibre core, Δnph

is the photorefractive change of the fibre core refractive
index.

The side lobes supression (SLS) achieved in this FBG
design reaches SLS = −36.8 dB, even with high re-
flexivity rmax = 91.0%. In comparison with the simi-
lar uniform grating (SAM-221) with the grating length
L = 10mm and the reflectance maximum rmax = 91.2%,
the value of SLS is only 8.4 dB. The high side lobes su-
pression of the apodized grating is a big advantage when
using the grating as the narrowband filter, for example in
the datacommunication applications. On the other hand,
the full width half maximum linewidth of the apodized
grating is rather large, ΔλGF = 169 pm, in contrast to
the linewidth value ΔλGF = 100.6 pm for the same length
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Fig. 10. Reflectance spectrum (left column) and the refractive index variation (right column) for: (a) – 2250-14, (b) – 2250-13, (c) – 2250-4,

and (d) – 2250-15 apodized grating designs
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Table 1. Features comparison of uniform (10-82, 10-60 and sin2(x) apodized (2250-2257) gratings

A B Δnph rmax SLS SLSs ΔλGF ΔλGε ΔλGSε σ

- - ×10−4 % dB dB pm pm pm pm

10-82 0 1 0.625 85.6 8.75 24.4 82.46 1.82 0.99 0.20

10-60 0 1 0.4 60.5 10.8 >30 63.8 1.30 0.78 0.16

2250-14 0.35 0 3.5 43 1.93 4 46.0 0.912 0.501 0.102

2250-13 0.28 0.1 5 54 2.93 8.6 52.35 1.06 0.583 0.119

2250-4 0.5 0.15 2.2 67.7 3.01 13.4 58.47 1.16 0.638 0.130

2250-9 0.5 0.2 1.6 57.2 4.76 17.6 57.15 1.18 0.652 0.133

2250-15 0.3 0.2 1.8 37 7.38 17 53.9 1.23 0.676 0.138

2250-2 0.6 0.25 1.5 68.2 4.4 >30 62.65 1.26 0.693 0.141

2257 0.3 0.35 1.7 57.61 8.5 >30 64.76 1.27 0.698 0.142

and the same reflectivity uniform grating. Even though,
this feature can be adored in the telecom filters, for the
sensual purposes it is not welcomed.

The grating apodization technique should, in our ex-
pectation, narrow down the main peak of the grating re-
flectance spectrum, tolerating some increase of the side
lobes in the spectrum. We have focussed our investiga-
tion on the apodization schemes based on the refrac-
tive index variation amplitude of cos(kx), sin(kx) and

cos2(kx), sin2(kx) as these index profiles showed rea-
sonable equality of the simulation and experimental re-
sults. Besides, these index profiles can be produced by
the multi-exposition method that we use in our experi-
mental setup. Expectedly, we have found the promising
results using the apodization with the reverse apodization
shapes than that one shown in Fig. 9.

We found the apodization function of the index vari-

ation amplitude based on the sin2(Aπx/L) amplitude
function to give a grating with a narrow noise linewidth
and a high grating quality factor [22] and still the multi-
exposition method could be used for its implementation.
The model of the fibre core refractive index variation
along fibre was in this case

Δn(x) = nc+Δnph

[
1+
(
[1−B] sin2

Aπx

L
+B

)
sin

2πx

ΛG

]
.

(15)

The three shape coefficients Δnph, A and B of this
apodization allow to change the index variation ampli-
tude profile widely. The criteria for optimization are
to achieve a narrow noise linewidth, a narrow FWHM
linewidth, high side lobe suppression and reasonable high
reflectance. Some of the criteria are partially bound, some
are mutually contradicting. The optimization is therefore
a complex process, nevertheless, we found promissing re-
sults that have the potential for further refining. Figure
10. shows some results of the apodized grating design with
index variation type according to (15). The gratings pre-
sented there have an active length of 10 mm. The upper
plot, Fig. 10(a), represents the apodization grating de-
sign 2250-14 with the side lobes suppression of 1.93 dB.

The (b) plot represents the apodization grating design
2250-13 with the side lobes suppression of 2.93 dB, fur-
ther on, the (c) plot is for the design 2250-4 with the side
lobe suppression of 3.01 dB, the lower design, Fig. 10(d)
shows the grating 2250-15 with the side lobes suppression
of 7.38dB. The blue lines in the spectrum charts are for
the original apodized grating spectrum, the green lines
are for the scanned spectrum. Here, the scanning always
uses the optimized scanning spectrum linewidth, equal to
the linewidth of the scanned apodized grating. Table 1
compares the sensorial grating features of the apodized
gratings and uniform gratings of the same length. The re-
sults show the complex dependance of the noise linewidth
ΔλGSe to the grating reflectance and to the parameters A
and B. Decreasing noise linewidth follows the decreasing
B. The side lobes suppression (SLS) and scanned spec-
trum side lobes suppression (SLSs), which are also impor-
tant spectral shape parameters, drop with decreasing B.
Generally, the side lobes can bring troubles in identifying
the main lobes of the spectra in case of serial connec-
tion of more sensing gratings to the scanning interogator.
Therefore the compromise in the choice of the low noise
linewidth and the low side lobe supression has to be ac-
cepted. Fortunately, the side lobe maxima decrease by
scanning the spectra and the practice shows that the ac-
ceptable level of the resulting scanned spectrum side lobe
suppression is 1:5 or 7 dB. That gives a bit limited choice
of the exploitable designs, see Tab. 1.

6 Discussion

Our work was focused to the analysis of the factors
influencing the accuracy of the scanning interrogation of
the sensorial fibre Bragg gratings. The feasibility of the
spectrum scanning interrogation method to get very fast
reading of the grating reflectance spectrum and to obtain
very fine resolution of the measured values has brought
this method to the centre of our investigation. To utilize
that high resolution, it was necessary to analyse the in-
fluence of the noise in the measurement. The analysis has
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showed the importance of the specific features of the sen-
sorial gratings to the measurement accuracy and errors.

We have formulated the influence of the reflectance of
the grating, and then, we have focussed the work to the
evaluation of the impact of the grating spectral width to
the measurement accuracy. We have established the grat-
ing quality factor QG and grating noise linewidth ΔλGe

for evaluation of the grating design suitability to the sen-
sorial use. Our work has shown that, depending on the
grating active length, there are optimal reflectances that
shall give the best accuracy results in the scanning type of
interrogation. Further, we have found that the spectrum
scanning gives the best results when the scanning spec-
trum linewidth and the interrogated grating linewidth are
equal. This optimal scanning gives nearly halved noise
linewidth than the case of the scanning with the near to
zero scanning spectral width. Increasing of the scanning
spectrum linewidth above the value of the interrogated
grating linewidth causes the rapid growth of the scan-
ning noise linewidth and so the growth of the measuring
errors.

The success of the grating apodization in forming the
telecommunication class grating filters led us to check the
potentiality of the grating apodization in sensing. The
investigation of the grating apodization in the frame of
this work was motivated by the aim to decrease the noise
linewidth of the interrogated grating beyond the capabil-
ities of the uniform grating design. Our work has proven
the usefulness of the apodization as a way to further in-
crease the accuracy of the fibre Bragg grating interro-
gation without the need to increase the grating active
length. Within the possibilities of our grating manufac-
turing technology, we have found the prospective apodiza-

tion profile sin2(πx/L) that provides a decrease of the
grating linewidth. However, that positive achievement is
somewhat balanced by increasing the amplitudes of the
side lobes in the reflectance spectrum of the interrogated
grating. This can become a disturbing factor in spectrum
scanning, especially in the case of scanning a chain of
more gratings connected in series. Nevertheless, our work
allows to conclude that the compromising apodization de-
sign of the grating and the optimal scanning can notice-
ably increase the measuring accuracy in the scanning in-
terrogation of the sensing fibre Bragg gratings.

References

[1] L. Mescia and F. Prudenzano, “Advances on optical fiber sen-
sors”, Fibers, vol. 2, pp. 1-23, 2014.
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