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Abstract: Quasi-distributed fiber sensing systems play an important role in the fields of civil engineering, en-
ergy surveying, aerospace, national defense, chemicals, etc. Interrogation technology for quasi-distributed
fiber sensing systems based on microwave photonics is widely used in high-speed and high-precision signal
demodulation and sensor positioning in optical fiber multiplexing systems. Compared to conventional optical
wavelength interrogation, this technology greatly improves system demodulation rate and compensates for
the defects of traditional sensor positioning methods. This paper introduces the recent research progress of
quasi-distributed fiber sensing interrogation technology based on microwave photonics; compares and ana-
lyzes the advantages and disadvantages of several existing microwave demodulation systems from the per-
spective of their fiber grating quasi-distributed sensing and fiber Fabry-Perot quasi-distributed sensing sys-
tems, respectively; and provides a summary of the prospective direction of future research in quasi-distrib-

uted fiber sensing interrogation technology based on microwave photonics.
Key words: radiofrequency photonics; quasi-distributed sensing; fiber sensing interrogation; fiber bragg grat-
ings; fiber Fabry-Pérot
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1 Introduction

With the advent of high-speed information era,
the Internet of Things has gradually become an im-
portant scientific and technological basis for human
beings to obtain external information, predict envir-
onmental changes, and improve the quality of pro-
duction and life. As an indispensable key compon-
ent of detection system, Optical Fiber Sensor (OFS)
has been widely applied in civil engineering, bio-
logy, chemical industry, mechanics, electrics,
aerospace and other fields owing to its advantages
such as small size, light weight, high accuracy, cor-
rosion resistance, resistance to electromagnetic in-
terference, low cost, and good compatibility with
the existing optical fiber communication system! 2,

By networking, arranging and multiplexing dis-
crete OFS units, the physical quantities such as tem-
perature, strain and vibration can be sensed and
measured in a long distance. Different from the fully
distributed sensing system based on Rayleigh, Ra-
man or Brillouin scattering effect, this quasi-distrib-
uted fiber sensing system does not need to stimulate
the nonlinear effect in optical fiber, and can easily
establish the quantitative relationship between the
sensing optical signal and the parameter to be meas-
ured. It can flexibly design the system performance
parameters such as covered distance and measure-
ment accuracy in accordance with actual require-
ments, to help control and reduce the system con-
struction cost. Meanwhile, it can detect more di-
verse changes in refractive index, curvature and oth-
er external factors, and can measure dynamic events.
Therefore, quasi-distributed optical fiber sensing
system has played an important role in oil well ex-
ploration, early fire warning, and monitoring the
structural health of large buildings®*.,

Depending on the type of multiplexed fiber
sensor, quasi-distributed fiber sensing systems can
be roughly divided into Fiber Bragg Grating (FBG)

quasi-distributed sensing system and fiber Fabry-

Pérot (FP) quasi-distributed sensing system. The
FBG quasi-distributed sensing system takes the
wavelength modulation sensor FBG as the sensing
unit. By using the phase mask, UV irradiation and
other methods, the refractive index of fiber core is
periodically changed to reflect the light satisfying
the Bragg wavelength. When the environmental
change causes the thermo-optic or elastic-optic ef-
fect in the fiber, the central wavelength of the grat-
ing will change so that the parameter to be meas-
ured can be sensed”'”. On the other hand, the fiber
FP quasi-distributed sensing system takes the fiber
phase modulation sensor FP structure as the sensing
unit. At first, a reflector is formed in the fiber struc-
ture through welding, corrosion, film coating, laser
micro-processing and other methods. Then, the phe-
nomenon that the two-beam interference spectrum
between reflectors is modulated by external physic-
al quantities is utilized to detect the target para-
meter!' ',

While the quasi-distributed fiber sensing sys-
tem is widely used in many fields, the increasing ap-
plication demand is raising higher requirements for
the construction and maintenance cost, multiplex-
ing capacity, coverage, measurement rate and local-
ization ability of this system and urging researchers
to ceaselessly explore new sensing demodulation
techniques. In recent years, with the rapid develop-
ment of microwave photonics, this new interdiscip-
line with the advantages of photonic and mi-
crowave techniques (such as large bandwidth, low
loss, flexibility and reconfigurability!*""!) has been
extensively researched in Radio over Fiber (ROF),
space exploration, radar system and other fields!'*'®,
while showing attractive application potential in the
field of fiber sensing demodulation. By modulating
microwave signals to optical signals through mi-
crowave photonics technique and adopting the
means of microwave measurement, the demodula-
tion rate of the system can be improved, high meas-
urement accuracy and strong localization ability can

be secured, and the construction and maintenance
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cost of the system can be reduced to a certain
extent.

Focusing on the application of microwave
photonics in quasi-distributed fiber sensing demodu-
lation, this paper presents the basic principle, exper-
imental implementation and demodulation perform-
ance of microwave demodulation systems (includ-
ing FBG quasi-distributed sensing system and fiber
FP quasi-distributed sensing system), and finally
analyzes and discusses the problems in the existing

scheme and the future research direction.

2 Microwave photonic demodulation
technique of FBG quasi-distributed
sensing system

The basic principle of demodulating a FBG
quasi-distributed sensing system with microwave
photon technique is to convert the wavelength
change of the sensing grating into the intensity or
frequency change in the microwave domain through
optical carrier modulation, to improve the demodu-
lation precision and rate of the system by means of
microwave detection, and to locate the sensing unit
through time-frequency transformation. Based on
the basic principle of demodulation system, the mi-
crowave demodulation solutions adopted in FBG
quasi-distributed system can be broadly divided in-
to Microwave Photonic Filter (MPF), microwave
photon heterodyne, and optoelectronic oscillator
(OEO).

2.1 Microwave demodulation of FBG quasi-dis-
tributed system based on MPF

The basic structure of the FBG quasi-distrib-
uted sensing demodulation system based on MPF is
shown in Fig. 1. The optical signal output by light
source is firstly modulated with the input mi-
crowave signal through an Electronic Optic Modu-
lator (EOM), and then is transmitted as a carrier in
the optical fiber sensing system, and finally arrives
at the photodetector (PD) after passing through the

sensing area. At last, the output microwave signal

carrying the information of parameter variation is

obtained.
Variation of parameters
to be measured
Optical signal ~ Optical carrier based
output microwave signal

Input microwave signal Output microwave

signal

Fig. 1 Diagram of FBG quasi-distributed sensing demodu-
lation system based on MPF
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If the frequency of the input microwave signal
is w, the total time for the optical signal traveling
from the modulator through the i-th grating in the
sensing area (where the signal is reflected) to the de-
tector is #;, the central wavelength of the i-th grating
is 4;, the power of the light reflected by the i-th grat-
ing is P;, and the total number of gratings in the
sensing area is &, then the frequency response of the
entire quasi-distributed grating sensing network can

be expressed as:

H) =) P(L)e* . (D

i=1

Through the Inversed Fast Fourier Transform
(IFFT) of the frequency response, the time-domain

response of the system can be obtained:

h(t)ocZP,.(/l,-)é(t—t,) . (2)

i=1

As can be seen from the above equation, the
signals reflected by different gratings present dis-
crete impulse peaks in the time domain, and the in-
tensity of impulse peaks contains the information on
the power of the light reflected by gratings. There-
fore, by detecting the microwave signal output from
the sensing system, the grating sensing system can
be demodulated and located.

As the input microwave signal modulated on
optical carrier and the output signal obtained from
photoelectric detector are required to be synchron-

ously scanned according to the above principle in
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the actual demodulation process, the Vector Net-
work Analyzer (VNA) commonly used in mi-
crowave system can fully meet the requirements of
synchronous scanning. The MPF microwave de-
modulation system with VNA as the core is shown
in Fig. 2. This concept is simple in structure and
easy to build, so it is widely used for the demodula-

tion of quasi-distributed fiber sensing system!"**!,

Wide-spectrum
light Optical circulator
Modulator

Reflected light

Sensor array
—

Vector network Photodetector
analyzer

Fig. 2 Diagram of MPF FBG quasi-distributed sensing de-

modulation system based on VNA
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In 2013, Ricchiuti et al. from the Polytechnic
University of Valencia in Spain used VNA to de-
modulate 500 cascaded long-period FBG quasi-dis-
tributed systems™” for the first time on the basis of
the previous demodulation experiment of a single

long-period FBG sensing system!”.. However, since

Oncm

. OBPF |

Reflection

IFFT

VNA

Distance

long-period grating was a transmission-type OFS, a
reflection facet and a reference tap should be added
to the cascade system to improve the light reflectiv-
ity in the sensing area. As a result, the complexity
and difficulty of the system were increased.

To adapt microwave demodulation system to
the requirements of actual FBG sensing network
better, HUST Professor Xia Li’s research group pro-
posed a new concept (shown in Fig. 3) applicable to
large-scale long-distance sensing in 20157, In this
system, identical weak inverse gratings with the
same central wavelength were used as the sensing
unit to improve the multiplexing capability of the
system. An Optical BandPass Filter (OBPF) was
used for matched filtering to convert the variation in
the central wavelength of gratings into the variation
in reflected light intensity so as to demodulate the
specific information of each grating. When an ex-
ternal stress is applied to a grating, the amplitude of
IFFT peak corresponding to the grating will change.
The demodulation result obtained by this concept
shows good linearity and good compatibility with

the existing FBG sensing network.
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Fig.3 Weak-reflection FBG quasi-distributed sensing demodulation system based on MPF!
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As the MPF-based quasi-distributed grating
microwave demodulation system is based on intens-

ity demodulation, the fluctuation in the output

power of light source or the losses (such as bending
and winding) in the fiber sensing link will have a

negative impact on the accuracy of demodulation
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results. To solve this problem, Cheng et al. pro-
posed a demodulation concept for quasi-distributed
ultrashort FBG that combined differential filtering
with microwave network”. As shown in Fig.4, a
pair of Gaussian filters with the central-wavelength
difference of only 0.4 nm are set up on the upper
and lower circuits of Mach-Zehnder interferometer,

and the optical path difference between the two

arms is used to convert the optical signal reflected
by a grating into a pair of adjacent impulse signals.
By calculating the intensity ratio of the two adja-
cent impulse peaks, the wavelength drift of the grat-
ing can be obtained. The demodulation result of this
concept is immune to not only the power fluctu-
ations of the light source but also the bending loss in

the transmission fiber.
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Fig. 4 Basic structure and principle of ultra-short-FBG differential demodulation system based on multi-tap MPF?!
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Although the above-mentioned microwave de-
modulation concepts have strong localization abil-
ity, high measurement accuracy and other advant-
ages, they are only applicable to identical FBG net-
work rather than a Wavelength Division Multiplex-
ing (WDM) system composed of the gratings with
different central wavelengths. To solve this prob-
lem, the researchers firstly proposed a solution of
wavelength-RF delay mapping, introducing differ-
ent time delays to the reflected light with different
wavelengths through fiber dispersion to finally
achieve the goal of distinguishing the sensing in-

[25-26]

formation of different gratings'~". However, the

system raised the requirements for the length and

type of the fiber to which the time delay was intro-
duced and for the sweep range and sampling num-
ber of VNA. Moreover, the system was susceptible
to the cross sensitivity of sensors.

To minimize the error of demodulation result
caused by the cross sensitivity of sensors and by the
optical power fluctuation and transmission loss in
optical fiber link, Wu et al. proposed the use of dual
Sagnac loop to realize the simultaneous differential
demodulation of WDM grating multiplexing system
in 2019%7, As shown in Fig. 5, a Sagnac filter based
on “single-mode - polarization-maintaining-single-
mode” is set up on either arm of the Mach-Zehnder

interferometer, and the spectra of the two filters are
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misaligned by 0.48 nm. Since Sagnac loop is a
wide-spectrum filter with Gaussian-like transmis-
sion spectrum in each channel, the simultaneous in-

dependent linear demodulation of multiple different
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gratings can be achieved through the one-to-one
correspondence between the central wavelengths of
different FBGs and the different channels of Sagnac
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2.2 Microwave demodulation of FBG quasi-dis-
tributed system based on microwave photo-
nic heterodyne
The FBG quasi-distributed microwave de-

modulation system based on microwave photon het-

erodyne also adopts the method of external modula-
tion. That is to say, the microwave signal at high
sweep frequency is loaded into the incoherent bro-
adband light source. By detecting the heterodyne
beat signal between grating reflection signal and ori-
ginal optical signal, the change of external environ-
ment applied to the grating is demodulated™. In this
process, the frequency change of beat signal is pro-
portional to the change of grating wavelength and
the total intra-fiber dispersion.

Based on the above principle, the researchers
proposed diverse FBG microwave demodulation

concepts, and obtained excellent demodulation ac-

curacy and response rate™?". In 2018, Li Zhengy-
ing, a Professor in Wuhan University of Techno-
logy, and his research group combined microwave
photonics with dispersion to build a quasi-distrib-
uted FBG microwave demodulation system based
on microwave photon heterodyne (see the Fig. 6),
and realized the high-speed demodulation of weak-
reflection quasi-distributed FBG system"?. In this
system, a 14.7 km Dispersion Compensation Fiber
(DCF) was used to provide high dispersion for
wavelength-frequency conversion. Eventually, high
demodulation accuracy (8 pm) was achieved, and
the demodulation result was highly consistent with
the direct measurement result given by spectromet-
er. In addition, the system demonstrated an excel-
lent dynamic sensing capability, achieving a de-
modulation rate of 40 kHz in high-speed vibration

experiment.
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Although the above system has the advantages
of high demodulation rate and high measurement
accuracy, the thermo-optic effect and high-temperat-
ure ductility of dispersion compensation fiber at the
varying environment temperature will seriously af-
fect the beat frequency of the two optical signals, in-
troduce an error to the demodulation result of grat-
ing wavelength and reduce the credibility of de-
modulation result during large-scale multiplexing.
To solve this problem, Liang et al. in the research
group proposed an improved concept based on
DCF-SMF (Dispersion Compensation Fiber-Single
Mode Fiber) dual channel in 2019 In the new
concept, another 15.2 km SMF channel was added
to the aforementioned system to eliminate the meas-
urement error caused by environmental temperature
drift and correct the demodulation wavelength
value. While inheriting the advantages of single-
channel system such as high speed and low cost, the
dual-channel system improves the accuracy and lin-
earity of wavelength measurement results and elim-
inates the negative effect of temperature cross-sens-
itivity.

In addition to setting the reference link and

utilizing the dispersion characteristics of DCF to

realize the demodulation based on microwave
photon heterodyne, the reflection technique of inco-
herent optical frequency domain based on chaotic
source can also be used to realize the beat demodu-
lation of quasi-distributed grating systemP™?’l, As
shown in Fig. 7, the incoherent light of the system is
produced by DFB (distributed-feedback) laser,
which generates chaotic oscillations under the ac-
tion of optical feedback. This chaotic light source
has the advantages of large line width, short coher-
ence length and low interference noise, which can
help improve the overall multiplexing capacity of
the sensing demodulation network. This system ex-
periment realized the localization and wavelength
demodulation of 3640 weak-reflection gratings,
demonstrating an excellent demodulation capability
of the IOFDR (Incoherent Optical Fourier-Domain
Reflectometry) technique based on chaotic source in
large-scale intensive multiplexing scenes. However,
when demodulating the grating wavelength, the
DFB laser needs to be thermo-tuned to change the
wavelength of its laser beam. As a result, the de-
modulation speed of the system is significantly re-
duced and its application potential in dynamic para-

meter sensing is limited.
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2.3 Microwave demodulation of FBG quasi-dis-
tributed system based on OEO

de-

modulation system based on optoelectronic oscillat-

or (OEO) is built on the photoelectric-hybrid feed-

The FBG quasi-distributed microwave

back loop structure shown in Fig. 8. The modulated
input optical signal is optically amplified and trans-
mitted into the optical delay line and then converted

by detector into an electrical signal. Most of the

Optical carrier based

d sensing demodulation system based on chaos source IOFDR!

FETFIRIETR IOFDR (1R 55 CEF YO 430 AL B 08 22 G e e )

electrically amplified signals are input as feedback
microwave signals to the modulator port, while the
rest are output as the microwave signals for spec-
trum measurement. The OEO system will oscillate
only when the closed-loop gain is large enough. As
the oscillation frequency of OEO system mainly de-
pends on the loop length, the key parameters such as
the length of fiber ring cavity can be determined by

measuring the output microwave spectrum***,

Delay line

@ Optical signal output

Optical

Optical signal output Modulat microwave signal
odulator
i

Feedback microwave signals

amplified

Output microwave signal

Electrical
amplified

Detector

Fig. 8 Basic structure of OEO system
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In 2020, Wang et al. from Nanjing University
proposed a quasi-distributed FBG microwave sens-
ing demodulation system based on the principle of
OEO system” . In this concept, the cascaded grat-
ing array is connected to the OEO oscillation loop
through a circulator. By using the reflection charac-
teristics of a grating, each grating in the multiplex-
ing system is corresponding to a different loop
length. By measuring and analyzing the oscillation

peaks with different Free Spectral Ranges (FSRs),

the information on the wavelength and spatial posi-
tion of each grating can be demodulated. As a digit-
al discrete location coding system, this system is
strongly immune to interference. However, the the-
oretical multiplexing capacity of this concept is only
62, which still needs to be further improved in or-
der to meet practical application requirements.

The above three different FBG quasi-distrib-
uted microwave demodulation concepts are com-

pared in Table 1. It can be seen that the microwave
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demodulation concept based on MPF is more ad-
vantageous in high-precision spatial positioning. In
addition, through the optimization methods such as
wavelength-frequency delay mapping and differen-
tial filtering demodulation, the influence of power
fluctuation on the accuracy of demodulation results
can be eliminated and the demodulation require-
ments of WDM system can be met. However, due to
the limitation of VNA scanning rate, the demodula-
tion speed in the first concept still needs to be im-

proved. In contrast, the demodulation concept based

on microwave photon heterodyne has a much faster
demodulation rate that can meet the requirements of
high-speed demodulation and dynamic sensing. Its
dual-channel balanced detection structure can also
solve the problem of cross-sensitivity very well.
However, its spatial resolution is sacrificed to some
extent. The OEO-based demodulation concept has
an excellent signal-to-noise ratio and stability, but
its system capacity is relatively limited. Therefore, it
is not suitable for the demodulation of a large-scale

grating multiplexing system for the time being.

Tab.1 Comparison of different microwave demodulation concepts for FBG quasi-distributed system

R 1 MR ES B RREN T RRIREE S R

Demodulation Multiplexing . . . o
o Spatial resolution/m Demodulation rate Other characteristics
concept capacity/piece/m
Microwave photonic filter . . . Capable of demodulating the dense systems
5 500 (experiment) 0.2 Limited by the VNA scanning rate ) .
structure™! with a spacing less than coherence length
Microwave photonic filter . .
. o . Suitable for the demodulation of WDM

structure + wide-spectrum 19400 (theory) 0.1 Limited by the VNA scanning rate

differential filtering®®”

Microwave photonic
heterodyne +DCF-SMF dual- 105 (experiment) 1

channel demodulation®™

Incoherent optical frequency
. . 3640

domain reflection from . 0.1
. (experiment)
chaotic sources®"
Optoelectronic oscillator
s 62 (theory) 1
structure®®”

Limited by the wavelength

scanning rate of light source

system; immune to power fluctuations

Dynamic demodulation; wavelength
80 kHz ]
demodulation accuracy: 6.96 pm

Low coherent noise; capable of demodulating
a large-scale multiplexing system
Signal-to-noise ratio > 35 dB; frequency
instability <28 kHz

0.61s

3 Microwave photonic demodulation
technique of fiber FP quasi-distrib-
uted sensing system

The fiber interference structure represented by
FP is another common sensing unit in the quasi-dis-
tributed fiber sensing network. Similar to the prin-
ciple of FBG microwave demodulation, the optical
carrier based microwave signal can also be used for
auxiliary frequency domain measurement in the
quasi-distributed sensing system based on fiber FP
interferometer. Depending on the specific demodu-
lation method, the microwave demodulation con-
cepts of fiber FP quasi-distributed systems can be
divided into Optical Carrier based Microwave Inter-
ferometry (OCMI) and Coherent Microwave-
Photonic Interferometry (CMPI).

3.1 Microwave demodulation of fiber FP quasi-

distributed system based on OCMI

OCMI microwave demodulation technique is
mainly based on low-coherence light source. When
the light source in the system is incoherent, its co-
herence length will be short and its bandwidth will
be far less than the optical path difference between
any two reflection points. At this time, the cross
product term of the responses in the complex fre-
quency domain of the system is zero. The self-
product term can be used to reconstruct the interfer-
ence spectrum in the microwave domain, where the
microwave phase shift can be used to calculate the
change of optical path difference™* *,

The above fiber quasi-distributed demodula-
tion method using low coherence light and mi-
crowave photonics has been widely concerned by

researchers since it was proposed™*l, In 2013, the
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fiber FP quasi-distributed sensing demodulation
concept based on OCMI was first experimentally
implemented by the Xiao Research Group of Clem-
son University in the United States™*”. As shown in
Fig. 9, the all-fiber FP cavity formed by single mode
fiber and capillary tube through fusion is used as the
cascaded sensing unit. By adjusting the central
wavelength of tunable filter, the intensity of IFFT

impulse signal in time domain under different
wavelengths can be determined, and then the spec-
tral information of each fiber FP can be recovered.
The experimental results show that the spectrum ob-
tained by microwave reconstruction is consistent
with the direct measurement result on spectrometer.
Therefore, the system has not only high accuracy

but also the ability of sensor localization.

Fig. 9 Fiber FP quasi-distributed sensing demodulation system based on OCMI technique
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The OCMI technology can demodulate the
fiber FP sensing system with spatial continuity, in
addition to the quasi-distributed sensing link com-
posed of cascaded discrete fiber FP sensors. By
means of hot fusion® or femtosecond laser inscrip-
tion™"'*?, a series of reflection points can be formed
in the sensing fiber. Two adjacent weak-reflection
points can be regarded as a pair of fiber FP struc-
tures. This FP quasi-distributed system has no dark
measurement zone and applies to the measurement
and monitoring of mechanical-structure surface de-
formation and other scenes. In addition, the OCMI
technique can be applied to other types of wave-
guides or free-space interferometer systems, as well
as the quasi-distributed measurement in a variety of
physical, chemical and biological fields.

3.2 Microwave demodulation of fiber FP quasi-
distributed system based on CMPI

Different from OCMI technique, CMPI mi-

crowave demodulation technique is based on coher-

ent light source. For a fiber with N weak-reflection
points, when the light source is coherent light, the
intensity of reflected light at the corresponding re-
flection points will be closely related to the change
of optical path difference between reflection points
due to the interference between adjacent reflection
points. Therefore, the CMPI system can effectively
convert the change of optical path difference
between reflection points into the change of the in-
tensity of time-domain pulses corresponding to spe-
cific reflection points. In 2017, Hua et al. built the
CMPI microwave sensing demodulation system as
shown in Fig. 10, and verified the conclusions of
their theoretical analysis through experiments,
The experimental results showed that the system
achieved a strain resolution of 0.6 pe for the fiber
FPI with a cavity length of 1.5 cm. When the cavity
length of FPI was increased to more than 1 m, the
strain resolution could be further improved to the ne

level.



0 1 WU Ni-shan, et al. : Interrogation technology for quasi-distributed ...... 255
- Optionl
Agilent I
8l640A | T YA
1 543 nm
BPFI
Option2
i 1 nm
HP 81554 1543 nm
EDFA1
Circulator
e cc &

In fiber weak reflectors
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Due to the sensitivity of CMPI technique to the
optical path difference of reflection points, this de-
modulation method also shows excellent perform-
ance in the measurement of dynamic parameters.
For example, in the multi-point vibration sensing
experiment, the researchers realized the vibration
demodulation and vibration point location at the fre-
quency up to 2.3 kHz with the help of a CMPI mi-
crowave demodulation system where the cascaded
fiber FP was used as vibration sensing unit*’!, The
experimental results show that the CMPI-based fiber
FP quasi-distributed sensing system is expected to
be applied in the measurement of more complex

physical quantities such as pressure wave.

4 Summary and outlook

Compared with the traditional fiber demodula-
tion technique based on wavelength demodulation,
the quasi-distributed fiber sensing demodulation
technique based on microwave photonics has a high
demodulation rate, high measurement accuracy,
strong localization ability and other merits, which
can help the system reduce the construction cost and
improve the overall performance. With a long-dis-
tance high-precision sensing ability, this technique

has a remarkable application potential in civil engin-

eering, mechanics, aerospace and other fields. Ac-
cording to the type of sensing unit and the principle
of demodulation, this paper reviews the research
progress of domestic and overseas quasi-distributed
microwave demodulation techniques used for FBG
quasi-distributed sensing system and fiber FP quasi-
distributed sensing system, and compares the de-
modulation concepts such as microwave photonic
filter, microwave photonic heterodyne and optoelec-
tronic oscillator in terms of spatial positioning, de-
modulation rate, multiplexing capacity, system com-
plexity and stability.

Although the microwave demodulation tech-
nique for quasi-distributed fiber sensing system has
made great achievements in theoretical and experi-
mental research, there are still some problems to be
solved and broken through in the engineering ap-
proach of this technique. Firstly, limited by the re-
sponse characteristics of sensor, the existing quasi-
distributed fiber-sensing microwave demodulation
systems are mostly applied to the measurement of a
single physical quantity (such as temperature or
strain), and can’t cope with more and more diversi-
fied practical application scenarios. One of the fu-
ture research directions of microwave demodulation
technique is to realize the simultaneous accurate de-

modulation of different parameters in microwave
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system and to solve the problem of cross sensitivity
among the parameters to be measured. To expand
the types of sensed physical quantities, traditional
FBG and fiber FP structures can be combined with

*land

special optical fiber, surface plasma effect!
other new technologies to improve the sensitivity of
a multiplexing sensor to refractive index, air pres-
sure, electric current, magnetic field and other para-
meters and to realize its application in special scen-
arios. To eliminate the cross-sensitivity between the
parameters to be measured, the accurate and stable
measurement of physical quantities can be achieved
by optimizing the sensor package, adopting the

double-channel differential demodulation®* "

, us-
ing Mach-Zehnder interferometer and other interfer-
ence structures for heterodyne detection™*¥, and
setting up a control link™,

Secondly, due to the limitation of demodula-
tion concept and device indicators (such as low
sensitivity of sensor structure to high frequency
parameters, low VNA scanning rate of core devices,
contradiction between VNA frequency scanning ac-
curacy and scanning range, and long wavelength
tuning time for DFB laser source), most of the cur-
rently reported microwave demodulation  tech-
niques can achieve high accuracy in sensing static

parameters or low frequency parameters but low ac-

—— SO R fl——

1 3l

e

BEE A B AR BR, B HoR B 2
B NSRBI R PR AR AL | 2
e 2B A I DR A E R A . R, AR IR
INERTS AN ] E i Y OC B A LRy, DL LT AL IR
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BT MR RHR . RS S EADELA S RE R
WA ENA, DR AT, 429, T,
PUBR L R S 2 1 T2 R

A X o Sr LT AL IR Ao HEA T4 I L HE

curacy in the measurement of high frequency
parameters. To solve this problem, the OFS struc-
tures”” for sensing dynamic parameters (such as
sound wave) should be optimized. Meanwhile, the
microwave photon technique without light source
tuning (such as CMPI)"***! is adopted, and the vec-
tor network analyzer”'?*! is replaced by signal gen-
erator, photoelectric detector or high-speed acquisi-
tion card. In addition, Chirp-Z, Hanning window
and other subsequent processing algorithms™ are
combined with fiber quasi-distributed sensing sys-
tem to improve the system’s perception, response,
measurement and demodulation towards the rapidly
changing signals.

In addition, all the existing microwave de-
modulation systems are provided with discrete ex-
perimental devices. This increases the overall sys-
tem volume and signal transmission loss, reduces
the system stability, and adversely affects the ap-
plication of this technique in the actual fiber quasi-
distributed system. Therefore, through the combina-
tion with silicon photonics and other emerging fron-
tier domains, the miniaturization and integration of
photoelectric and microwave devices has become an
important research direction to promote the develop-
ment of microwave demodulation technique to-

wards low cost and high practicability.
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