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Optical delay error compensation method for FBG high-speed in-
terrogator based on tunable laser
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Abstract : Optical transmission delay could induce significant wavelength demodulation error to the fiber
Bragg grating (FBG) interrogators based on tunable laser, especially when they are applied for remote
and high-speed measurement of FBG sensors. A method for compensating the wavelength demodulation
error of FBG induced by optical transmission delay is proposed. The optical frequency of tunable laser
scans in up and down two directions with high linearity in its spectrum range. The wavelength demodula-
tion error is compensated by the detected FBG reflection peak difference between up and down-scan
spectrums. Experimental results show that,the wavelength demodulation error induced by optical trans-
mission delay can be reduced from 2 nm to less than 10 pm after compensation, with measurement fre-
quency of 50 kHz and optical fiber length of 100 m.
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Fig. 1 FBG demodulation system based on DBR tunable laser
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Fig. 2 Illustration of laser optical frequency control method
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Fig.3  Illustration of FBG wavelength demodulation error
induced by optical transmission delay:
(a) Detected up/down-scan spectrum without delay;

(b) Detected up-scan spectrum with delay;

(c) Detected down-scan spectrum with delay
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Tab.1 FBG wavelength demodulation result with and without compensation

Measured wavelength when laser Measured wavelength when laser Measured wavelength when laser

()ptical scans in up direction without scans in down direction without scans in both directions with
fiber compensation/nm compensation/nm compensation/nm
length/m
FBG1 FBG2 FBG3 FBG1 FBG2 FBG3 FBG1 FBG2 FBG3
0 1534.236 1550.38 1566.403 1533.915 1550.047 1566.073 1534.076 1550.213 1566.238
10 1534.04 1550.18 1566.198 1534.112 1550.247 1566.276 1534.076 1550.214 1566.237
20 1533.84 1549.976 1565.99 1534.311 1550.451 1566.486 1534.075 1550.213 1566.238
30 1533.644 1549.776 1565.785 1534.509 1550.652 1566.689 1534.076 1550.214 1566.237
40 1533.449 1549.577 1565.582 1534.705 1550.852 1566.893 1534.077 1550.215 1566.237
50 1533.26 1549.384 1565.384 1534.898 1551.048 1567.089 1534.079 1550.216 1566.236
60 1533.066 1549.186 1565.183 1535.093 1551.245 1567.292 1534.08 1550.216 1566.238
70 1532.865 1548.98 1564.972 1535.295 1551.452 1567.502 1534.08 1550.216 1566.237
80 1532.671 1548.782 1564.77 1535.491 1551.651 1567.706 1534.081 1550.217 1566.238
90 1532.477 1548.583 1564.57 1535.685 1551.848 1567.91 1534.081 1550.216 1566.24
100 1532.291 1548.391 1564.382 1535.869 1552.035 1568.107 1534.08 1550.213 1566. 244
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Fig. 6 FBG wavelength demodulation error (a) when laser scans in up direction without compensation,

(b) when laser scans in down direction without compensation and (c¢) when laser scans in both directions with compensation
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