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Fig.1 Experimental setup.
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Fig.2 Configuration of sensing fiber.
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Fig.3 Temperature distributions at final 70-m
range of 31-km-long fiber measured with (a)
polarization-unscrambled pulsed light, and
(b) polarization-scrambled pulsed light. The
polarization of local oscillator light was scram-
bled in both cases.
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Fig.4 Measured temperature distribution at final
70-m range of 40-km-long fiber.
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Fig.5 Measured temperature distribution at final
70-m range of 50-km-long fiber.
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Fig.6 Measured SNR of Rayleigh backscatter signal
as a function of distance from input end to
scatter points for the injection of pulsed light
whose frequency was shifted with SSB modu-
lator. Pulse width: 10 ns, receiver bandwidth:

100 MHz, wavelength: 1.55 pm.
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Fig.7 Simulated spectra of pulsed light before and
after 20-km propagation in fiber. The
frequency of pulsed light was shifted by
1.5 GHz with SSB modulator before propa-
gation. Pulse power: 150 mW, pulse width:

10ns, wavelength: 1.55um, sensing fiber:

standard single-mode fiber with 1.31-pum zero
dispersion and 0.25-dB/km optical loss.
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Fig.8 Measured SNR of Rayleigh backscatter sig-
nal as a function of distance from input end

to scatter points for the injection of pulsed
light whose frequency was not shifted with
SSB modulator. Pulse width: 10ns, receiver
bandwidth: 100 MHz, wavelength: 1.55 pm.
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Table 1 Estimated performance of distributed mea-
surement based on Rayleigh backscattering.

Measurement mode A B Cc
Pulse width (ns) 1 10 100
Receiver bandwidth (GHz) 1 0.1 0.01
Spatial resolution (m) 0.1 1 10
Temperature resolution (°C) 0.1 0.01 0.001
Strain resolution (ue) 0.9 0.09 0.009
Distance range (km) 5 10 10 40 40 60
120 | 720 <1 |2880 | <1 44
Measurement time (s) #
30 180 <1 115 <1 2

#) Upper row: With 70-mW input pulse power and with SSB modulator and
Bi-EDFA. (See solid line in Fig. 6.)
Lower row: With 150-mVV input pulse power and without SSB modulator
and Bi-EDFA. (See broken line in Fig. 8.)
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Fig.9 Simulated cross correlation Rqp(f, z) between

pa (v, z) and pp (v, z) under (a) SNRy = 10dB,
K = 30, (b) SNRxy = 0dB, K = 30, (¢)
SNRy = 0dB, K = 3000.
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