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To measure several Bragg grating sensors simultaneously, a novel combination
of optical and electronical components has been developed for light intensity
independent conversions of wavelength into electrical signal amplitudes. The
spectral analyzer allows fast, stable, and precise measurements of strain and
temperature with Bragg grating based sensors.

1 Introduction

To poll optical Bragg gratings designed for strain
and temperature measurement sensors different
types of interrogators are currently in use: inter-
ferometers, tunable lasers and devices employing
spectral filters for wavelength-amplitude conver-
sions. Most of the commercially available interro-
gators are very expensive. However, for many
applications including civil structure monitoring
(Fig. 1) economic optical C-band interrogators are
desired.

2 Method

To measure a fibre Bragg grating a small spectral
sampling bandwidth is very often sufficient, e.g. 20
nm (Fig. 2). In order to obtain light intensity inde-
pendent conversions of Bragg wavelengths into
electrical signal amplitudes adequate for sub-
sequent signal processing a new combination of
optical and electronical components has been
developed (Fig. 3). A working point stabilized
SLED is connected by optical fibres to a coupler
which also directs the reflected light from the
Bragg sensor to a detector. The detection principle
consists of a beam splitter, two collimator lenses
and two filters for complementary or independent
wavelength-intensity conversion. The filtered light
beams are converted independently by photo-
diodes on a single chip. For subsequent fast elec-
tronical signal acquisition and processing, espe-
cially the computation of the contrast of the signals
of two diodes to assure a light intensity independ-
ent spectral analysis. Figure 4 shows how to use
appropriate spectral filters to obtain the contrast
signal proportional to strain or temperature as
measured by a Bragg grating. Due to our chip in-
tegrated photodiode approach the obtained signal
is highly compensated against fluctuations of the
light source, aging or temperature drift of the de-
tector. The signal quality depends more on the
filter quality and not on the detector properties
which makes the system cheap.

Fig. 1 Fiber Bragg-sensor designed for civil structure
monitoring (AOS GmbH, Dresden and CORRSYS 3D
Sensors AG, Wetzlar: Hausertorbriicke, Wetzlar).
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Fig. 2 The fibre Bragg grating — principle.
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Fig. 3 Scheme of our approach.
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Fig. 4 Signal contrast S=(I>-11)/(I>+l;) is a monotonic
function of A and invariant to light intensity changes.

Fig. 5 The prototype.
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Fig. 6 Strain measurement using FBG — sensor and the
new spectral analyzer.

3 Results

To show the feasibility of our approach a prototype
of a C-band spectral filter based interrogator has
been developed. (Fig. 5). The working range of the
system is about 10 nm, thus adapted to C-band
fibre Bragg gratings. The spectral resolution of the
system is less than 25 pm within a spectral work-
ing range of 5 nm. Potential interference patterns
due to the spectral filters were prevented by a spe-
cial treatment of the filter surfaces. The achieved
linearity and stability of the system depends very
strongly on the characteristics of the spectral filters
and not on the photodiodes. An example of a strain
measurement with a Bragg sensor and this new
spectral analyzer is shown in Fig. 6. Using high
quality filters the results of our approach are — to
our knowledge — in good correspondence with
other principles for Bragg grating strain and tem-
perature measurements (Tab. 1).

4 Conclusion

We have developed a novel spectral measurement
principle. The manufactured spectral analyzer pro-
totype allows fast, stable and precise measure-
ments of strain and temperature with Bragg grating
based sensors.

Due to its design our spectral analyzer is insensi-
tive to aging or temperature drift of the detector
and is well suited for cost effective applications.

Speed | Res./Acc. | Number of .
(Hz) (om) Sensors Notes Price (T€)
Wavelength/ 500- no
Amplitude 5/15 1/Channel | moving | <5/Channel
c ] 2000
onversion parts
no
(Sé’cht)“’meter 2:200 |1/5 32 moving | c. 25
parts
Time Domain |, 5400 | 5/15 32 moving | c. 15
Reflectometer :
parts
Tunable 0.2- moving
Filters/Lasers | 200 15 32 parts >35
Arrayed no
Waveguide <2000 ;O.s/not >100 moving | not known
Grati nown
rating parts
New Spectral no
Evaluation >500 |[1.2/12 4/Channel | moving | <8
Unit parts

Tab. 1 Evaluation units for fiber Bragg sensors.
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