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A Novel Fiber-Laser-Based Sensor Network With
Self-Healing Function

Peng-Chun Peng, Hong-Yih Tseng, and Sien Chi

Abstract—n this letter, we present a novel fiber-laser-based
sensor network with self-healing function and demonstrate
its effectiveness. The network survivability and capacity for a dec P [ECTMETWN e
multipoint sensor system are enhanced by adding switches in
a self-healing ring architecture. The fiber laser adopted in this
system is a linear-cavity fiber Bragg grating (FBG) laser leading
to the signal-to-noise ratio over 52 dB for the sensor network. The
network survivability of a ten-point FBG sensor is experimentally : .
examined. The experimental results show that the proposed ! !
system can facilitate reliable sensing network for a large-scale and | Microprocessor I ol o ol i .
multipoint smart structure. ‘ ’ "
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. . Fig. 1. Schematic diagram of the proposed self-healing sensor network based
sensor, self-healing function, sensor network. 9 9 prop 9

on a linear-cavity fiber laser scheme LD: 980 nim: FBG. C1: 2x 2 coupler.
SW: Switch. CW: WDM coupler. CO: Center office.

|. INTRODUCTION ) ) ) )
sensor network with a self-healing function to increase the

F IBER BRAGG grating (FBG) sensors have been identiy|iapility of the sensing network. The self-healing function is
_fled as very |mpqrtant sensing elements, especially for t'&_%nstructed by using the ring topology. AxL2 switch in the
strain measurement in smart structures [1]-{4]. In many appling topology is used to check the breakpoint and2switches
cations, the arrays of FBG sensors are required for multipoiyle ysed to enhance the sensing capacity in the sensor network.
or distributed measurement. The multiplexing of FBG sensogg,ch a simple self-healing function for the ring topology can
is therefore essential to reduce the cost per sensing point and igport real-time monitoring and reveal the sudden breakpoint
increase the competitiveness of FBG sensors against the conyifine fiber link. Furthermore, we use a linear-cavity fiber laser
tional electrical sensors. The most popular technique for Mlsheme for our proposed sensor system. This fiber-laser-based
tiplexing FBG sensors is the wavelength-division-multiplexingensing network can avoid the reduction of the signal-to-noise
(WDM) technique. A large-scale FBG sensor system with @t (SNR) because of the low-power broad-band source
sensors has been experimentally demonstrated by using a cgfether with its amplified spontaneous emission (ASE) noise.
bination of WDM and time-division-multiplexing (TDM) tech- Te penefits of our proposed fiber-laser-based sensor system

niques [1]. Such research associated with sensing network 4fp facilitate reliable sensing network for a large-scale and
vivability would be an ongoing challenge for the practical agyyitipoint smart structure.

plications of the multipoint FBG sensor systems. Therefore, en-
hancing the survivability of an FBG sensor network is very im-
portant. However, the in-line topology, star topology, and tree ] ) )
topology generally adopted in an FBG sensor network cannot19- 1 shows the proposed configuration of the self-healing
protect the sensing network [5]. Moreover, a broad-band lighBG sensor network. The FBG sensor system consists of
source is usually used in an FBG sensor system. Becauseftfe sensing FBG network and a central office providing the
optical power reflected from an FBG is weak, the sensing redight source and discriminating the signals from the sensing
lution and the capacity of a fiber sensor system would be limité@twork. The light source in this system is a linear-cavity
by the broad-band light source. fiber laser that comprises a fiber loop mirror, the sensing FBG
In recent years, the ring topology based on electricéd1: A2, ---, OF Aar) simultaneously acting as another cavity
add—drop multiplexers (ADMs) for the SDH/SONET has begnirror, a polarization controller (PC), a tunable bandpass filter
widely applied in a fiber network where high reliability and(TF), and a section of erbium-doped fiber (EDF) pumped by a
low cost are required [6]. In this letter, we present a novel FB@0-nm laser diode (LD). The ring architecture for this sensing
network is composed of the sensing FBGs ~ Ays), a piece
. . . , oLsingIe—mode fiber (SMF), and a2 2 switch. N groups of
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Fig. 2. Schematic situation (indicated by the dashed line) when Sensiiiy

Region 2 is selected by using a TDM signal. . .
Fig. 4. Experimental setup for the proposed FBG sensor network. We

examine three subnetworks in the self-healing ring architecture. Each

Xy Az Am A1 As Am subnetwork includes ten sensing FB&s(i = 1, 2, ..., 10).
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Fig. 3. Schematic situation when a breakpoint occurs and the fiber link fails l J :
in Sensing Region N-1.
_51'3 R
the situation when Sensing Region 2 is selected by using the s R P _
. . . . . - . i i i i i
TDM signal. Because of this ring topology incorporated with 1532 1538 1544 1550 Py 1562
the TDM technology, the proposed system can support a large Wavelength (nm)

number of sensor elements. Furthermore, for such a large-scale

sensing network. we consider the self-healing function f69- 5 Output spectra of the linear-cavity fiber laser at different lasing
. . ’ . . wavelengths.

the ring architecture by controlling the 1 2 switch. Such a

self-healing architecture can offer survival function under link _y . 0 .
failure by reconfiguring the fiber network. Fig. 3 schematicallreﬂecwItles of the FBGs were approximately 99% and their

shows a situation when the fiber link fails in Sensing Regionverage 3-dB bandwidth were 0.2 nm. In the central office,

N-1. When the 1x 2 switch is in state (a), we lose the sensin he lasing wavelength of the linear-cavity fiber laser was
- . . ' etermined by these sensing FBGs in conjunction with the

signal from FBGJ\;) in Region N-1. Nevertheless, thexl 2 The average 3-dB bandwidth of this TF is 0.37 nm. A

switch can be modified to state (b) to reconfigure the sensiggb_nm laser diode with 140 mW output power p.umped'the

signal frgm FBG.)“) In Region Nl The drawback_ of .thls DF via a 980/1550 nm WDM coupler. In this linear-cavity

self-healing function for the sensing network protection is th% er laser scheme, the coupling ratio of the 2 coupler (C1)

all the switches in the network induce extra loss and furth% '

reduce the SNR in the system. In order to enhance the SNR,};{\/I’ethe fiber loop mirror was 30 70. The lasing light emerging

adopt the linear-cavity fiber laser configuration. The capabilit om this 2 x 2 coupler arrived in a photodetector (PD). This

of this fiber-laser-based sensor system is implemented ) E?i:l:ir:antqi()t:eof taeﬂ?;s!% W@z\zﬁerzﬂtg] av\%'ﬁfﬂf?gzﬁtsoggr
tuning a TF located within the laser cavity for interrogating th 9 NG gain,
: the system lases once the transmitted wavelength of the filter
Bragg wavelengths of all sensing FBGs. The Bragg wavelen . .
it . ; i . uals the wavelength reflected from the sensing grating.
shifts induced by the quasi-static strain or temperature drift

the sensing FBGs can be measured by discriminating the Iasgngiﬁr’aiz:? l?nsél;zu\:gavtilgnggir?f tgsufg;tt; r: icr‘;alnogs duzﬁd tfgz
wavelength shifts of the system. Y P P

FBGs. The filter was tuned by using a controller to select
the transmitted wavelength over a working range from 1530
to 1560 nm. Hence, the tunable transmitted wavelength of
Fig. 4 shows the experimental setup for our proposdhe filter tracked the ten wavelengths of the sensing FBGs
FBG sensor network. We examined three subnetworks in the = 1, 2, ..., 10). The output spectra of the linear-cavity
self-healing ring architecture. Each subnetwork included téiber laser at different lasing wavelengths are shown in Fig. 5.
sensing FBGs\; (i = 1, 2, ..., 10). The Bragg wavelengths The average lasing peak power was 9.98 mW leading to the
of the sensing FBGs from FBG; to FBG Ajg sequentially SNR for the sensing network over 52 dB. When the link failed
were 1538.45, 1540.22, 1542.86, 1544.3, 1546.79, 1548.47,Region 2, the FBG3,,, (m = 6,7, 8,9, 10) lost their
1550.48, 1552.43, 1554.5, and 1556.51 nm. All the peaknsing information whenever Sensing Region 2 was selected

Ill. EXPERIMENTAL RESULTS AND DISCUSSION
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Fig. 6. When the link fails in Region 2, the FBGs, (m =6, 7, 8, 9, 10)
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subnetworks. 2) Even though the linear-cavity fiber laser with
high SNR could support large-scale sensing network, too many
subnetworks will lead to poor response time of the system. The
operating time on each FBG in the ring architecture are limited
by both the TDM signal and the sweeping time of the filter. From
1530 to 1560 nm, the maximum tuning speed of our filter was
920 ms, and the switching time of each switch was 1 ms. There-
fore, under the device restrictions of our laboratory, the varia-
tion of the quasi-static strain imposed on each FBG cannot be
over 0.18 Hz for this sensor system with three subnetworks. The
system response time can be improved by reducing the scale of
sensing network, by reducing the number of FBGs in each sub-
network for smaller sweeping time of tunable filter, and basi-
cally by using a faster tunable filter. 3) The stability of the lasing
wavelength and the crosstalk induced by the adjacent FBGs also
limit the number of FBG sensors. To avoid such degradation, a

loose their sensing information whenever Sensing Region 2 is selected by udlagdback-controlled circuitry [4] can be used in the system. For

a TDM signal.

example, we chose 1.44 nm as the minimum wavelength spacing

between the sensing FBGs in our experiment. This wavelength
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spacing indicates that the maximum strain imposed on each
FBG has to be smaller than 5@8 [1] and this quantity should

be accurately controlled by the feedback circuitry. According to
the above three issues, the optimal self-healing sensor network
can be designed by considering the maximum measured strain,
the acceptable operating time, and the scale of the ring architec-
ture.

IV. CONCLUSION

This letter presents a novel self-healing sensor network based
on a linear-cavity fiber laser scheme. The sensing network is ar-
ranged on the basis of ring architecture. In this letter, we have
demonstrated a ten-point FBG sensor based on our proposed
configuration and examine its network survivability. Because of

the intense lasing power from the linear-cavity fiber laser, the
Fig. 7. State (b) of the Xk 2 switch can be modified to reconfigure the fiberSNR for the sensor network can be over 52 dB. Furthermore

link for FBGsA,, (m =6, 7, 8, 9, 10) that lost the sensing information. The

self-healing ring architecture can regenerate the sensing signals from¥gGsthe self-healing function considered in our system can recon-

(m=26,7,8,9, 10).

figure the fiber link when a breakpoint suddenly occurs in the

sensing network. The experimental results show that the pro-
by using a TDM signal, as shown in Fig. 6. Nevertheless, stftesed system can facilitate a highly reliable sensing network
(b) of the 1x 2 switch can be modified to reconfigure the fibefor a large-scale and multipoint smart structure. We also discuss
link for FBGs \,, (m = 6, 7, 8, 9, 10) that lost the sensing three practical limitations of this proposed sensor system.

information, as shown in Fig. 7. Consequently, the self-healing
ring architecture can regenerate the sensing signal.
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