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Abstract—We propose and experimentally demonstrate a new data waelenghs

fiber-fault identification scheme for optically amplified branched | o monitoring Ly
networks. The scheme makes use of fiber Bragg gratings and stened
an internally generated light source from an erbium-doped fiber
amplifiers through an optical feedback loop, and no additional
dedicated monitoring source is required. The monitoring tech-
nigue invokes both frequency and time domain by sweeping
the wavelength of the monitoring source. By combining with a
conventional optical time-domain reflectometer technique, exact A (D)

location in fiber cut in branched network can be identified readily. signal generator
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» OP Fig. 1. Our proposed fiber-fault identification scheme for an optical ampli-

fied branched network.
|. INTRODUCTION

ASSIVE optically amplified branched networks are vergation scheme that is simple to implement. It makes use of
promising and cost effective architecture for future acce8® FBG with a wavelength-sweeping monitoring laser source
networks. For these networks, erbium-doped fiber amplificieg'rmed by feeding the ASE back into the EDFA through a
(EDFA's) are often placed before the optical tree-coupler wwavelength tunable filter. The fiber branches can continuously
support more fiber branches and to improve the transmitte@l supervised by monitoring the periodic reflected optical
signal quality. Since such network can accommodate a largélses in time-domain.
number of subscribers, any service outage due to a fiber cut
can be translated into tremendous financial loss for the service II. FIBER IDENTIFICATION SCHEME

providers. A real-time, nonintrusive fault surveillance system Fig. 1 shows the proposed fiber-fault identification scheme
for fiber-fault identification is therefore essential. for a1 x N optically amplified branched network. The data
Conventionally, optical time-domain reflectometer (OTDR),annels are transmitted in the EDFA's flat-gain region of
basgd on a single-wavelength source was used for fault (1%’40—1555 nm while the ASE power in the unused gain spec-
tection in branched networks, but such scheme suffers fropyy, (1556_1562 nm) is used as the monitoring light source.
Rayleigh back-scattered light from different branches whicg,e jight source is constructed by looping back some of the
could not be differentiated at the OTDR [1]. OTDR based 0Bpea”emission to its input through a tunable Fabry—Perot
a multiwavelength source [2] was also proposed but the highy o filter (FPF), thus generating a gain-clamped saturated
_cost of the wavelength tunable monitoring source proh|b|te}-gSer emission [4] with wavelength-tuning capability. By ap-
it as a practical solution. Recently we proposed a passi¥ging 4 periodic saw-toothed voltage at a few kilohertz to the
surveillance scheme [3] which used fiber Bragg gratingsor " which the sweeping speed is only limited by the fre-
(FBG's) to slice and reflect the unused portion of the amphfleajJenCy response of the FPF, the gain-clamped signal is made

spontaneous emission (ASE) of EDFA as a means for faully q\yeen through the unused EDFA gain spectrum periodically
fiber branch detection. However, the relative weak ASE POWER] thus serves as a wavelength-sweeping monitoring light

limits the length of the fiber segment in the branches. In t vurce. An FBG of distinct center reflection wavelength is

letter, we propose and demonstrate a new fiber-fault identifir, .o at the end of each fiber branch as the branch identifier.
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Fig. 4. Reflected optical pulse train measured at the monitoring module for
four different scenarios.
bit sequence (PRBS) nonreturn-to-zero (NRZ) data, are am-
PARN < plified by an EDFA and distributed over all the fiber branches
B - with L, = 8.8 km, L = L3 = 6.6 km while fiber branch #4
is left unmonitored. Three FBG’s (power reflectivitie®9%)
with center reflection wavelengths of 1556.4, 1558, and 1559.7
CENTER T558.8 na LED nm, and with 3-dB passband of 0.4, 0.8, and 0.9 nm are
*RB 8.1 nw VB 18D Hz S STx12 sec

placed on fiber branches #1, #2, and #3, respectively. At the
Fig. 3. Tansmitted spectrum at branch #3. EDFA, the wavelength tunable feedback loop is constructed by
) ) o two 1x 2 optical couplers with splitting ratios of 50/50 and
EDFA gain spectrum. As illustrated in Fig. 2, when thgs/5 and a tunable FPF (JDS TB2500M) with a free-spectral
FBG center wavelength matches with that of the Wavelengtglnge (FSR) of 70 nm and a passband of 0.7 nm. A periodic
sweeping monitoring source, an optical pulse will be generatggwtoothed signal at a frequency of 2 kHz is applied to the
and reflected upstream to a monitoring photodiode via gpE. Together with the correct bias dc voltage, the monitoring
circulator (see Fig. 1). Thus the health status of a certain fibggnal sweeps through 1555-1561 nm periodically.
branch is signified by the presence of the respective opticalrig. 3 shows the optical spectrum measured at the termi-
pulse in each sweeping period. By demultiplexing the detectggting end of fiber branch #3 without connecting the feedback
optical pulses in each sweeping time period, the status of glbp. The presence of the deep notch indicates the reflection at
fiber branches can be monitored continuously. FBG #3. With the feedback loop closed, the detected optical
~ Comparing to the ASE as a monitoring source in [3], thgyise trains measured at the photodiode are shown in Fig. 4
light source is a ring laser and thus provides a better powg gifferent scenarios. As shown in the figure, the sawtoothed
budget. Unlike the application in conventional fiber ring lasgferiod is about 0.5 ms consisting of 0.35 ms of scanning period
[6], our scheme is insensitive to possible polarization-inducgghd 0.15 ms of flyback period. For healthy state as shown in
power fluctuations, as the health status of all fiber brancheq:i@_ 4(a), all three optical pulses, each signifying one fiber
signified by either the presence or the absence of the refleciggnch, are present. Weak residual pulses are also detected in
optical pulse in each sweeping period. Major constraint of thjge flyback period. Fig. 4(b)—(d) shows the detected optical
scheme will be the collision of reflected optical pulses. TBulse train for fiber cut in fiber branches #3, #2, and #1,
avoid pulse collision require@nL/c) < 1/(Nf), wheren regpectively. Any fiber cut is indicated by the absence of the
is the refractive index of fiber core,is the speed of light in corresponding optical pulse in each sweeping period. Bit-error-
vacuum, N is the number of fiber branches, is the length ate (BER) performances of the data wavelength operating at
of a fiber branch or segment arfdis the sweeping frequency 1.Gp/s 291 PRBS NRZ data at 1551 nm were also measured
of the monitoring source. For example, fof = 8, f = 1 and are shown in Fig. 5. A 1-dB power penalty is found with
kHz, n = 1.5, the maximum length of each fiber branéh the monitoring source sweeping at 2 kHz. This is due to the
is 12.5 km. difference in EDFA gain in the sweeping region, causing slight
power fluctuation at the data channel. Sweeping in a region
IIl. EXPERIMENTS with a flatter EDFA gain can alleviate such penalty.

We have experimentally demonstrated the proposed fault
surveillance scheme in axl4 branched optical network. The
experimental setup is similar to Fig. 1. Two data channels atWe have proposed and experimentally demonstrated a sim-
1548 nm and 1551 nm, carrying 1-Gb/4#’21 pseudorandom ple and practical fiber-fault identification scheme for optically

IV. SUMMARY
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Fig. 5. BER performance measurements for a 1-Gb%/s-2 PRBS NRZ
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location in fiber cut in a branched network can be identified
readily.
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