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Abstract—Interrogation of a long period grating (LPG) fiber
sensor with an arrayed-waveguide-grating (AWG)-based demul-
tiplexer through curve fitting is investigated and experimentally
demonstrated. In the interrogation system, the measured light
intensities from the output of the AWG are used to reconstruct
the selected resonant dip of the LPG sensor through curve fitting
in the form of a linear combination of Gaussian functions. By
monitoring the changes of the reconstructed LPG spectrum,
including the center wavelength shift and the minimum atten-
uation variation, the sensor signals can be interrogated with
good accuracy in real time. The center wavelength is obtained by
calculating the first-order derivative of the fitting function. The
minimum attenuation is obtained directly from the reconstructed
spectrum. Since the interrogation system demonstrated is based
on an all-solid-state optical device, it offers the advantages of
compact size and high-speed interrogation with high potential for
integration.

Index Terms—Arrayed waveguide grating (AWG), curve fitting,
long period grating (LPG), sensors, wavelength.

I. INTRODUCTION

L ONG-PERIOD-GRATING-(LPG)-based fiber-optic sen-
sors have become an important tool for monitoring tem-

perature [1], [2], strain [2], [3], and refractive index [4], [5].
These optic sensors are with the advantageous features such as
small size, light weight, high sensitivity, long-term stability, and
immunity to corrosion [6] and electromagnetic interferences. In
an LPG-based sensor, environmental changes are reflected as
the center wavelength shift and the minimum attenuation varia-
tion of the selected LPG resonant dip [3]. One of the challenges
in using an LPG for environmental sensing is how to interro-
gate the signal from the LPG transmission spectrum, due to the
large spectral range of the resonant dip. An optical spectrum
analyzer (OSA) is usually adopted in an interrogation system
together with a broadband optical source. However, this ap-
proach is not practical for most of the applications due to the
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large size and high cost of an OSA. Several other techniques
have been proposed to interrogate the center wavelength of an
LPG without using an OSA, such as the intensity interroga-
tion scheme based on the reflection of a fiber Bragg grating
(FBG) [7] and the derivative spectroscopy technique [8]. How-
ever, these techniques may not satisfy all the LPG interroga-
tion requirements such as fast speed, immunity to harsh environ-
ments, compact size, and low cost. In addition, the techniques
in [7] and [8] are not capable of interrogating the minimum at-
tenuation variation of the selected resonant dip.

Arrayed waveguide gratings (AWGs) have been devel-
oped for wavelength division multiplexing/demultiplexing
in DWDM optical communication systems [9]. An AWG is
an integrated all-solid-state device with an array of narrow
optical channels on a planar waveguide which can separate
multiple wavelengths simultaneously without any mechanical
movement [10], [11]. AWGs have been used to interrogate FBG
sensors [12], [13] and have demonstrated superior performance.
The difference between an FBG sensor and an LPG sensor is
that an LPG has a much larger spectral range of the resonant
dip. Therefore, to interrogate accurately the wavelength shift
and the minimum attenuation variation, the sensing data must
be processed. In this paper, an AWG-based demultiplexer is
proposed to interrogate an LPG sensor by reconstructing the
spectrum of the selected LPG resonant dip through curve fitting.
Both theoretical analysis and experimental implementation are
presented. It is found that the selected LPG resonant dip has
a spectral profile that is a linear combination of Gaussian
functions. Therefore, we propose to use a linear combination of
Gaussian functions to reconstruct the spectral profile of the LPG
resonant dip via curve fitting. We demonstrate that the form of
the linear combination of Gaussian functions can be selected by
the level of the root mean square (RMS) error. An experimental
system that consists of an LPG and an AWG is constructed.
Curve fitting is performed for a selected resonant dip of the
LPG using the measured light intensities obtained from the
multichannel outputs of the AWG. The center wavelength
of the resonant dip is obtained by calculating the first-order
derivative of the fitting function. The minimum attenuation is
obtained directly from the reconstructed spectrum. The LPG
interrogation system demonstrates the features of fast speed,
high resolution, compact size, and low cost.

II. INTERROGATION PRINCIPLE

We assume that the resonant dip of an LPG has a spectral
profile that can be described as a linear combination of Gaussian
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Fig. 1. Curve fitting of the spectra of the resonant dip of LPG1 using a linear
combination of one, two, and three Gaussian functions.

Fig. 2. Curve fitting of the spectra of the resonant dip of LPG2 using a linear
combination of one, two, and three Gaussian functions.

functions. To simplify the analysis, we introduce a constant
such that the spectral function of an LPG resonant dip can be
written as

(1)

where , , and are, respectively, the peak transmit-
tance, the center wavelength, and the full width at half max-
imum (FWHM) of the Gaussian function, and is the number
of Gaussian functions in the linear combination.

The validity of the assumption in (1) is experimentally veri-
fied, where the spectra of two LPGs (LPG1 and LPG2) are re-
constructed using the fitting function in (1) with being 1, 2,
and 3. The results are shown in Figs. 1 and 2.

The performance of the curve fitting is evaluated by
calculating the RMS error. For LPG1, the measured spec-
trum of the selected resonant dip is shown in Fig. 1 (dotted
line). Curve fitting using one Gaussian function (dash-dotted
line), a linear combination of two Gaussian functions (solid

line), and three Gaussian functions (dashed line) are per-
formed to reconstruct the selected resonant dip. The param-
eters of the peak transmittances, the center wavelengths,
and the FWHMs of the Gaussian functions in the fitting
functions are ,

, and
for the one Gaussian, two

Gaussian, and three Gaussian functions, respectively. The
RMS errors are calculated to be 0.116, 0.094, and 0.092,
respectively. As can be seen the use of a combination of two or
three Gaussian functions presents a better curve fitting than one
Gaussian function. For LPG2, the measured spectrum of the se-
lected resonant dip is shown in Fig. 2 (dotted line). Curve fitting
using one Gaussian function (dash-dotted line), a linear combi-
nation of two Gaussian functions (solid line) and three Gaussian
functions (dashed line) are performed, with the results also
shown in Fig. 2. The parameters of the peak transmittances,
the center wavelengths, and the FWHMs of the Gaussian
functions in the fitting functions are ,

, and
for the

one Gaussian, two Gaussian, and three Gaussian functions,
respectively. The RMS errors are calculated to be 1.198, 0.352,
and 0.115. Again, a better curve fitting is achieved with a
fitting function that is a combination of two or three Gaussian
functions. The experiments have verified that the spectrum
of a LPG resonant dip can be approximated using a linear
combination of Gaussian functions. The level of RMS errors
provides a measure to evaluate the curve fitting accuracy when
different number of Gaussian functions is applied.

In the proposed interrogation system, an AWG is used to
sample the spectrum of the resonant dip. The dip spectrum is
measured at discrete wavelengths which are fixed with a given
AWG. For an AWG with channels, light intensities at dif-
ferent wavelengths are obtained through only a one-time mea-
surement. Based on the sampling theory, a sampled signal can
be completely reconstructed if the sampling frequency is twice
the maximum frequency of the signal. Mathematically, the sam-
pling function is a Dirac delta function, which has an infinite
height, but a unity area. For real implementation, however, we
may use a sampling function which is narrow in width with a
unity area. This can be realized by an AWG. For a state-of-
the-art AWG, the transmittance and the FWHM of all the chan-
nels are considered identical. In addition, the FWHM is much
smaller than that of the LPG dip spectrum. Therefore, it is fea-
sible to use an AWG to sample the LPG dip spectrum and to
reconstruct the spectrum through curve fitting with the use of
the sampled light intensities. The center wavelength of the res-
onant dip is obtained by calculating the first-order derivative of
the fitting function. The attenuation is obtained directly from the
reconstructed spectrum.

III. EXPERIMENTAL RESULT AND DISCUSSIONS

The proposed interrogation system is experimentally evalu-
ated. The experimental setup is shown in Fig. 3, which consists
of an optical broadband source (BBS), an AWG, and a photo-
diode array. Two erbium-doped fiber amplifiers (EDFAs) are

Authorized licensed use limited to: University of Ottawa. Downloaded on November 22, 2008 at 13:30 from IEEE Xplore.  Restrictions apply.



GUO et al.: INTERROGATION OF A LONG PERIOD GRATING FIBER SENSOR 1773

Fig. 3. An LPG sensor interrogation system using an AWG.

Fig. 4. The transmission spectrum of the AWG. The dashed line, dotted line
and dash-dot line show the spectra for Channels 18, 19, and 20, respectively.

incorporated in the system before the LPG to boost up the op-
tical power. The measured light intensities at the outputs of the
photodiode array are sent to a digital data processor. The data
processor performs the functions including curve fitting, RMS
error calculation, and the estimation of the center wavelength
shift and the minimum attenuation variation.

As the BBS available in the lab has an output power of about
dBm, the two EDFAs with a total gain of about 45 dB are

used to increase the power level to about 0 dBm before the light
enters into the LPG. A Piezo motor is used to control the strain
applied to the LPG to shift the spectrum of the resonant dip.
The proposed interrogation scheme is then used to interrogate
the spectrum of the LPG resonant dip with different strains. The
AWG has 32 channels with a wavelength spacing of 0.8 nm.
The transmission spectrum of the AWG is shown in Fig. 4. In
the experiment, 25 channels that have their center wavelengths
within the spectrum range from 1540.32 to 1561.64 nm, same
as that of the LPG resonant dip, are used to measure the light
intensities with a photodiode array.

In processing the sensing data, the RMS error is used to se-
lect the number of Gaussian functions in the linear combination,
since the curve fitting functions might be only one Gaussian
function, a linear combination of two or three Gaussian func-
tions. In Figs. 1 and 2, it is seen that the RMS error is dependent
on the number of Gaussian functions used in the curve fitting.
In most of the cases, a linear combination of two Gaussian func-
tions provides the best tradeoff in terms of the simplicity and the

Fig. 5. LPG spectra with different strains.

accuracy to reconstruct the spectrum, while maintaining a small
RMS error. In addition, the use of a linear combination of two
Gaussian functions would make the fitting more robust than the
use of three or more Gaussian functions, to ensure that the fitting
process will converge [14]. Then, the center wavelength of the
resonant dip is obtained by calculating the first-order derivative.
The minimum attenuation is obtained by linearly transforming
the peak transmittance of the reconstructed spectrum.

LPG2 shown in Fig. 2 is used in the experiment. To verify the
validity of this interrogation technique, a Piezo motor is intro-
duced to apply strain to the LPG. Three different transmission
spectra with three different strains applied to the LPG are ob-
served, as shown in Fig. 5.

The solid curve in Fig. 5 shows the LPG spectrum without
applying any strain, the center wavelength is 1551.65 nm mea-
sured using an OSA with a minimum attenuation of dB;
the dotted and the dashed curves show the LPG spectrum with
two different strains (Strain 1 and Strain 2), the center wave-
lengths are, respectively, 1551.85 and 1552.05 nm measured
using the OSA with the minimum attenuations of and

dB. The attenuation variations between the two adjacent
measurements are 0.7 and 0.8 dB.

For the three cases, the light intensities are measured using
a photodiode array that is connected to the 25 output channels
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Fig. 6. Curve fitting functions (left) and the first-order derivatives (right) for three different strains applied to the LPG. (a) LPG without strain. (b) LPG with
Strain 1. (c) LPG with Strain 2.

of the AWG. As discussed above, by considering the simplicity,
the accuracy, and the convergence of the fitting, a linear combi-
nation of two Gaussian functions is selected to provide the best
tradeoff. The fitting function consisting of two Gaussian func-
tions has a form of

(2)

Applying the fitting function in (2) for the three cases in our
experiment, we obtain the reconstructed spectrum, which are
shown in Fig. 6(a)–(c). The parameters in (2) for the three cases
are shown in Table I.

The center wavelength is then obtained from the first-order
derivative of (2). In the data processing, a 0.01 nm wavelength
resolution is employed to calculate the derivative. Fig. 6 shows
the curve fitting functions and the first-order derivatives for three
different strains applied to the LPG.

TABLE I
PARAMETERS IN THE LINEAR COMBINATION OF TWO GAUSSIAN FUNCTIONS

The center wavelengths estimated based on the proposed
technique are 1551.72, 1551.92, and 1552.02 nm. The differ-
ences between these center wavelengths and the values obtained
from an OSA are 0.07, 0.07, and 0.03 nm. Directly from the
fully reconstructed spectra in Fig. 6, we obtain the minimum at-
tenuations, which are , , and dB. Compared
with the attenuations measured using the OSA, the differences
between these minimum attenuations and the values obtained
from the OSA are all smaller than 0.1 dB.
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The channel spacing of the AWG used in the experiment is
0.8 nm. The FWHM of the LPG resonant dip is around 8 nm,
within which only 8 to 10 channels of the AWG outputs are em-
ployed in the curve fitting. If more output channels are located
in the range of the resonant dip, the sampling spacing would be
decreased with more sampling points introduced in the curve
fitting, which would improve the fitting accuracy. Taking an
AWG with a channel spacing of 0.4 nm, for an example, the
sampling spacing is reduced to half, with twice the number of
sampling points included in the curve fitting. Therefore, the es-
timation errors would be significantly decreased. In addition,
the AWG used in the experiment has nonuniform transmission
spectra throughout the channels, as shown in Fig. 4, especially
channels 18–20. The nonuniform channel spectra would cause
measurement errors in obtaining light intensities, with which the
curve fitting would lead to a large estimation error. Comparing
Figs. 4 and 5, we find that the three channels contribute more to
the measurement errors in the spectra of solid and dotted curve
than that of dashed curve in Fig. 5. This is the reason why the
spectra of dashed curve in Fig. 5 have a better measurement re-
sult than the other two spectra. Therefore, an AWG with a uni-
form transmission spectrum can furthermore reduce the mea-
surement errors.

In the proposed system, the intensities at the sampling points
are obtained in real-time thanks to the use of a high-speed pho-
todiode array. Thus, the LPG itself is assumed not affected by
the environmental changes in such a short time.

IV. CONCLUSION

An interrogation system for an LPG sensor based on an AWG
was demonstrated using curve fitting in the form of a linear
combination of Gaussian functions. The light intensities at dif-
ferent wavelengths were sampled by the AWG and were used
to perform the curve fitting. An experiment was performed to
demonstrate the proposed system. In the experiment, an LPG
with three different strains was successfully interrogated, with a
wavelength estimation error as small as 0.07 nm. The measured
minimum attenuation variations from the reconstructed spectra
were 0.6 and 0.8 dB, compared with 0.7 and 0.8 dB from an
OSA. The proposed system could be improved if an AWG with
smaller wavelength spacing is employed.
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