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Abstract: Fiber optic Fabry-Perot sensors have attracted a lot of attention in many fields such as medical detection,
underwater acoustic detection, and electric power monitoring due to their high sensitivity and strong anti-
interference ability. The parameters of the light source, the structure of the sensing head, and the demodulation
methods are the main factors that restrict the detection ability of fiber optic Fabry-Perot sensors. Demodulating the
fiber optic Fabry-Perot sensors is to extract cavity length from the output optical signal which indicates the
information of vibration, displacement, acceleration, temperature, and other parameters sensed by the sensor's
head. An excellent demodulation method can improve the demodulation speed, resolution, and dynamic range of
the fiber optic Fabry-Perot sensor. However, there are dozens of demodulation methods for the fiber optic Fabry-
Perot sensor, and it is difficult to choose the appropriate demodulation method for specific application scenarios. In
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this paper, firstly, the characteristics of the signal output from the optical fiber Fabry-Perot sensor are reviewed.
Then, the influencing factors of the common demodulation methods are described in detail, and the improvement
methods proposed by domestic and foreign research institutes are also introduced. Finally, the choice principle of
the demodulation is proposed from two aspects: the applicable condition and the multiplexing of the optical fiber

Fabry-Perot sensor.

Keywords: Fabry-Perot sensor; demodulation methods; multiplexing; method selection
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Fig. 1 The structure of the probe part of optic fiber F-P
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Fig. 2 The relationship between the cavity length L of F-P and the output light intensity /
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Fig. 3 The demodulation of orthogonal signal'”
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Fig. 4 The demodulation principle of double cavity length method”
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Fig. 5 The demodulation principle of double wavelength method
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Fig. 6 The demodulation principle of PGC-DCM and PGC-Atan.
(a) The demodulation principle of PGC-DCM; (b) The demodulation principle of PGC-Atan
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Table 1 The characteristics of / after modulation
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Table 2 The influence of the key parameters and light source on the demodulation result of PGC
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L =1+ Vcos(p+0,), (23)
=1+ Vcos(p+03), (24)
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MAESHOL, 6, 6, Fl o ARG S £ AL S
RARS A Z B2, RS 4 A 4 R
EFPI [0I8R I Ly A%, Wil

_ 4nn(d, - )
i__TﬁT_“' (25)
Ber 2 22). 2K 23) fk (24), WHEL AV, 5
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ue fi—fs
26-fi—fs

B (cosd; —cosd;) — (sind, —sind;) tangp
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b—etany
= (26)
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EFPI

sy iE g 2
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[—
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Fig. 7 The demodulation principle of three-wavelength phase shifting demodulation®™”
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5.3 BREHSE L

% #2 2 4y VU Fdik: (Path-matched differential
interferometry, PMDI) iHIGAHTEE /2% T
(AT F-P A% . s /R o0 Thiffkdg i
IRTFIALEE) 5L F-P BEA LT, Als% T
IR, YRR F-P 52% T e 2= k17T
fi, HJFEHANE 8 Fin .
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IR dPy/dv 5351 H
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dnvn L

Ap, = Apy + Ap, = + Ay, , (28)

b el

X

E7SillE

AD B 622;7

ZH T

Ep3 T

dPg.
dv

d
= L (1 cosAyp) .

(29)

K 28) H1: Apy WAREIE G IAEE , A, A FFIN
SUERMAE, n e rgR. L9, R AE
JE F-P 119 3ty TR S S8 5% (18 152 79 i T S5 S99 S AH 45 ), P
ALK F-P B 6 TR
SRIG . MEREF-P Hh R it 25— G
WEMZE ZAMER, ANESE F-PESHTW
I F-P T AL AT 73T % BTG AE
AFt &% F-P B R P =aPy.. 11 T5% F-PAFZ
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dv
K R NS F-P 1135 ]SS 38 (1158 799 g 1T 2 338
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dv

€2))
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il G ATHlL, Py 5 Ap, RIEFE KR, MEHEEEL
J& F-P AUIEAS E S % F-P ARk B e (DU AL, B
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VLHHE & F-P 527% F-P FOGRE 22 A .

X EEEIK F-P F1B% F-P BCFE2E AL, NIAESE
PR i AR IR T, Py, ATEH™

SENE, 5% F-P 55K F-p
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Fig. 8 The demodulation principle of PMDI®
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F-P {5 B8 i a2 ol B Wy & e 7 1 B
BEE 8] A OB R 25, F548 CCD (charge coupled
device) Zk G55 M H(5E S . CCD £k [ IR IOtiR
55 AR R S TR I A RS RIS F-P s . o,
TCHLZAR R A OB T I, SR T3 B e o i
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Fig. 9 The demodulation principle of non-scanning correlation deomdulation®™
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Table 4 Selection and comparison of demodulation method for F-P sensor from some researchers in different application scenarios
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Table 5 Comparison of the advantages and disadvantages of reuse technologies
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Review on demodulation methods for
optic fiber Fabry-Perot sensors

Zhou Zhenrui", Qiu Zongjia', Li Kang', Zhang Guogiang"”’

/

The relationship between the cavity length L of F-P and the output light intensity /

L

Overview: With the development of optical fiber sensing technology and the increase of application requirements, the
Fabry-Perot sensors are developing towards the direction of high precision, and high resolution, and are more suitable
for extreme harsh environments. The demodulation method affects the performance of the Fabry-Perot sensors to a
great extent. However, there are dozens of demodulation methods for the fiber optic Fabry-Perot sensors, and it is often
difficult to choose the appropriate demodulation method for specific application scenarios.

Therefore, we analyzed the characteristics of the output signal of the fiber optic Fabry-Perot sensors. Meanwhile, we
discussed the principle of nine main demodulation methods of the fiber optic F-P sensors and their influencing factors,
such as the working point control method, the spectral peak tracing method, and the phase generated carrier method.
Finally, we reviewed the improvement methods proposed by researchers at home and abroad.

We concluded that the intensity demodulation methods are susceptible to the influence of light sources, so these
methods need to be improved from the aspects of reducing the disturbance of light sources. The amount of calculation
of the wavelength demodulation and the phase demodulation methods is often large, so these methods can be improved
by improving the demodulation speed, improving the spectral line resolution and other aspects. In addition, many
classical methods such as the working point control method, the bimodal tracking method, and so on cannot fully meet
the application requirements. New demodulation methods or improved demodulation methods, such as the phase-
shifting demodulation method, the non-scanning cross-correlation method, and so on, have the value of continuous
research and broad application prospects.

The choice of demodulation method needs to give priority to matching the demodulation method and the head of
Fabry-Perot sensors. Demodulation will be difficult or even impossible when the method and the sensor head are
unmatching. Then the demodulation methods are selected according to the requirements of sensitivity, resolution,
dynamic range, demodulation speed, and other performance in different application scenarios. When it comes to the
large-scale application of Fabry-Perot sensors, reuse technology is needed. How to reduce the complexity of the output
signal, reduce the crosstalk between signals and reduce the difficulty of demodulation are the difficulty of Fabry-Perot
sensors multiplexing. The PMDI demodulation method, non-scanning cross-correlation method, and other
demodulation methods with intrinsic multiplexing ability are helpful to the multiplexing of the Fabry-Perot sensors and
can be selected preferentially.

In the end, the demodulation method of Fabry-Perot sensors ultimately serves for practical application. The complex
environment in engineering applications affects the performance of the Fabry-Perot sensors. So, the research on the
demodulation method should not be limited to the laboratory environment. Developing a demodulation method with
engineering application value is vital.

Zhou Z R, Qiu Z J, Li K, et al. Review on demodulation methods for optic fiber Fabry-Perot sensors[J]. Opto-Electron
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