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A multichannel fiber-optic Fabry-Perot (F-P) demodulator based on nonscanning correlation demodula-
tion is proposed. The demodulator principle is analyzed, and the prototype of nonscanning correlation
demodulation fiber-optic F-P demodulator is made and tested. The measurement range of the prototype
is from 10 to 40 pm, the demodulation resolution is 8 nm, and its stability is 7 nm. This method provides
a feasible solution, which guarantees the practicability of the fiber-optic F-P sensor network.
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The fiber-optic Fabry-Perot (F-P) sensor in long-term re-
mote sensing has small-volume, lightweight, low power-
consumption, high-sensitivity, good-stability, and elec-
tromagnetic interference immunity features!!=3l. There-
fore, a fiber-optic F-P sensor is regarded as an ideal
candidate for special applications, such as in structural
health monitoring of large-scale civil architecture!*=7.

System cost and sensor multiplex are two bottleneck
problems in sensor development. In terms of structure,
multiplex technology includes series, series-parallel, and
parallel multiplexes!®9. Series multiplex needs only a
single fiber-optic to realize distribution measurement in
the structure, along with a few wires with a simple wire
arrangement. However, apart from the relatively com-
plicated series multiplex fabrication and demodulation
algorithm, the cost is high and reliability and accuracy
are low!'%11 Meanwhile, parallel multiplex involves sen-
sors that are independent of each other. Although the
system is complicated and the cost is high, influence
among sensors within the system is low and its stabil-
ity is excellent'?l. TImproving multiplex technology is
an issue that requires an immediate solution to ensure
the practicability of the fiber-optic F-P sensor network.
Therefore, it is important to propose a novel multiplex
method, which is highly accurate but low in cost.

Correlation demodulation does not require moving
parts and expensive laser light source; thus, it has the
capability to realize absolute cavity measurement. In ad-
dition, correlation demodulation is also widely used in
fiber-optic F-P demodulation. A multichannel F-P de-
modulator based on nonscanning correlation demodula-
tion is proposed in this letter (Fig. 1).

Firstly, the light was coupled into eight 1x2 couplers
from a broadband light source by coupling lens, with each
coupler connected to one F-P sensor. Eight sensors that
passed through the channel were orderly switched, and
the information of the F-P sensors was orderly coupled
into the demodulation system. Hence, the multichannel
F-P sensor information demodulation was achieved. The
channel switch was irrelevant to the wavelength of light
source, and the transmission of different wavelengths was
accordant. The distribution of the fibers is shown in
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Fig. 1. Based on the demodulation system optical princi-
ple, the imaging size on the charge-coupled device (CCD)
of each fiber is approximately 125 pym, and the maximum
deviation among the fibers is 125 pum. Therefore, the
8-channel measurement is achieved effectively when the
width of the CCD photosensitive surface is 200 gm. The
channel number can be easily increased by changing the
number of fiber and the optical system characteristics.

The principle of the correlation demodulator by consid-
ering the light source, which has Gaussian distribution in
both spectrum and space, is shown as
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where R is the end face reflectivity of the fiber-optic F-P
sensor, Rs is the reflectivity of the Fizeau interferometer,
B, is the half-width of the light source spectrum, A is the
current wavelength of the light sources, A, is the central
wavelength of the light source, € is the optical wedge
angle, Ip(A) is the input light spectrum density and is
ideally a constant, Iy () e~ (A=2)*/BX {5 the input light
spectrum density by considering the Gaussian distribu-
tion in the spectrum, I, is the output light intensity,
L is the F-P cavity length, x is the optical wedge length
equals the length of CCD, z, is the center of the space
distribution of the light source, and B, is the half-width
of Gaussian function decided by light source space
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Fig. 1. Schematic of the multichannel F-P demodulator.
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width. The intensity space distribution of the light source
is considered as one dimensional because of the effect of
the cylinder lens.

The relationship between optical wedge thickness and
light intensity can be calculated using Eq. (1), as shown
in Fig. 2. The optical wedge thickness with maximum
light intensity is equal to the F-P cavity length; by com-
prehensive analysis, the system parameters R, Ry, and
the optical wedge 6 are 0.04°, 0.5°, and 0.01°, respec-
tively.

The demodulator hardware system based on advanced
RISC machines (ARM) and field-programmable gate ar-
ray (FPGA) was designed in accordance with the system
principle shown in Fig. 1. The multimode optical fiber
was used in the system, and its numerical aperture was
0.22. The linear array CCD was TCD1304DG, which
had 3648 effective pixels. Data on the cavity length of
the F-P and its measurement information were obtained
by calibration. The prototype is shown in Fig. 3.

The prototype can measure the indexes of pixels cor-
responding to the fiber-optic F-P sensor cavity length
obtained through the calibrated formula. The result of
the standard cavity length (15.383 pm) measured in this
prototype is shown in Fig. 4.

Figure 4 shows the presence of low- and high-frequency
noises in the original signal which make it difficult to ob-
tain F-P cavity length. A signal correction algorithm is
proposed, which effectively filters noise, highly improves
the contrast ratio of signals, and achieves the precise mea-
surement of the fiber-optic F-P sensor cavity length. The
filtering result is shown in Fig. 5.
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Fig. 2. Relationship between optical wedge thickness and
light intensity output.

Fig. 3. Photograph of the experimental device.
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Fig. 5. Signal with processing.
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Fig. 6. Calibration results of the cavity length of each chan-
nel.
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Fig. 7. Stability test of cavity length.

The calibration applies four standard F-P cavities,
with cavity lengths of 14.732, 15.047, 16.236, and 16.898
pm, respectively. Figure 6 shows that the cavity calibra-
tion results of all channels are consistent with one another
and in linear change. With reference to calibration, the
measurement range of the prototype is from 10 to 40 pm,
and the resolution is 8 nm.

The stability test was applied to each channel of the
system. For example, channel 1 was tested continuously
for 1 000 times in a condition where the four standard
F-P cavities were stable. The results in Fig. 7 indicate
that the maximum of the correlation function only devi-
ates one image-sensitive element to the left or right side,
that is, the measurement stability of this system is 7 nm.

The loading and unloading experiments of the single
sensor on the constant strength beam were carried out to
verify the demodulation accuracy of the prototype for the
strain measurement. The residual error for the loading
experiment was set to 2.8 nm and that for the unloading
experiment was set to 3.4 nm. The experiment al results
indicate that the prototype has good linearity and high
measurement accuracy.

In conclusion, an 8-channel nonscanning fiber-optic F-
P demodulator is designed based on the correlation de-
modulation principle. The theoretical model of the sys-
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tem is established, and the optical parameters of the sys-
tem are optimized. The measurement range of the pro-
totype is from 10 to 40 pm, the resolution is 8 nm, and
the stability is 7 nm. This prototype achieves the parallel
multiplex of eight F-P sensors. Theoretically, 16-channel
measurements can be achieved by changing the optical
system. The effectuation of the 8-channel fiber-optic F-
P demodulator provides a feasible solution for ensuring
the practicability of the F-P sensors network. However,
conducting further research on the system is still neces-
sary. For example, the system requires a dynamic change
in the F-P sensor to test the dynamic characteristics of
the demodulator, which is a key topic in future research.
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