decay time-constant exhibits the value of 0.41 +0.05¢V, in the tem-
perature range 200-500°C. The decay time-constant at 15°C can
be obtained by extrapolation as © = (2.34 £0.07) x 107 s or ~280
days. To confirm this value, we measured the decay process of the
induced SHG at 15°C, and the result at 15°C was (2.48 10.08) x
107s, in excellent agreement with the extrapolation.

In conclusion, we report quantitative decay measurements of
SHG induced in a UV-poled GeO,-Si0, glass. Single-exponential
decays were observed in the temperature range 200-500°C. The
activation energy of the induced SHG is 0.41 £0.05¢V, and the
decay time-constant at 15°C is ~280 days.
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Error reduction of referenced intensity-based
optical fibre sensor by adaptive noise
canceller

Chang-Da Tsai, Hui-Hsun Huang, Shyh-Lin Tsao,
Hsiao-Lung Chan and Chien-Ping Wu

Indexing terms. Fibre optic sensors, Optical noise

A strategy for suppressing the perturbations of an intensity-based
optical fibre sensor is presented by introducing an adaptive noise
cancelling method. The time-varying offset between the sensing
fibre arm and the reference fibre arm can be significantly reduced
by the proposed strategy compared to direct subtraction.
Experimental results are provided to demonstrate the performance
of the perturbation suppression.

Introduction: Intensity-based optical fibre sensors, such as
microbending structures, have been widely studied for their poten-
tial use in the detection of pressure signals. However, the sensitiv-
ity of the sensor suffers from optical attenuation and noise while
the signals propagate through the components of the sensor sys-
tem. The developed reference-based optical fibre sensor can mini-
mise these noise factors through the cancellation of the common-
mode variations [1]. However, the cancellation of analogue signals
is highly susceptible to environmental conditions. The environ-
mental perturbations cannot be eradicated from these optical fibre
sensor systems due to fibre vibration, fibre temperature changes,
light source fluctuations, mode volume variations caused by the
selective coupling component, responsitivity variations of the

photodetectors, and the mismatched characteristics between sens-
ing path and reference path, etc. This will cause an output pertur-
bation which is not easy to correct, unless we independently
monitor the sensor temperature and add the correct offset to the
output signal [2].

To design an accurate sensor system, the influence of environ-
mental perturbations must be minimised as much as possible. The
adaptive noise canceller (ANC) [4] is capable of performing satis-
factory results without a complete knowledge of the relevant sig-
nal characteristics. In a nonstationary environment, the ANC is
capable of tracking the time-variation data if the variations are
slow; yet in a stationary environment, the adaptive filter in the
ANC is capable of converging to the optimun Wiener solution in
a statistical sense. In this Letter, an adaptive noise canceller is
employed in a referenced intensity-based optical fibre sensor sys-
tem to improve the performance of error reduction without infor-
mation about the precise frequency of the interference added in
the sensor. Experimental results are included to demonstrate the
feasibility of the proposed strategy in the application of optical
fibre sensors.

Vs filter
He-Ne I 1x2 | ' " and
laser coupler —[07]—] ADC
VR
E(K) + Vs (K)
-« z
Y (K) adaptive Vg (K)
filter
ANC

Fig. 1 Schematic diagram of experimental sensor system
D1, D2: photodetectors

Description of experimental sensor system: A schematic diagram of
the system is depicted in Fig. 1. The light output from an He-Ne
laser is divided into two by a 3dB 1 x 2 coupler and is then cou-
pled into two multimode optical fibres: the sensing fibre arm and
the reference fibre arm. The light output from these two fibres is
converted into two electrical voltages, V; and Vg, through the dual
photodetectors (OPT 202 [3]); they are each filtered by the band-
pass filter (0.001 Hz to 150Hz) and then digitised with a sampling
rate of 400Hz. The voltage Vz(k) should ideally be equal to V(k).

The ANC is implemented by the LMS algorithm for its simplic-
ity: it requires neither measurements of the pertinent correlation
functions, nor matrix inversion. If the noise and signal in Vy are
uncorrelated, and the noise in V4 is correlated with that in Vs, the
tap weight is updated iteratively by the following equations:

M-1
Y(k)= > Wik)Va(k - 1)
=0
E(k) = Vs(k) - Y (k)
Wl(k + 1) = Wz(k‘) + MVR(k — Z)E(k) 1=0,1,..,.M-1

where W, is the ith tap-weight, M is the total number of tap-
weights in the adaptive filter, and u is the step-size parameter.
After proper filtering and subtraction, the noise in Vs can be sup-
pressed significantly.

Experimental results: The fluctuation signals of the sensing fibre
arm (V) and the reference fibre arm (Vy) are shown in Fig. 2.
Both V(k) and Vy(k) have been normalised into the interval [-1,
1] with zero mean. A comparison of the error reduction between
direct subtraction (Vy{(k)-Vyx(k)) and the ANC (E(k)) is shown in
Fig. 3. The step-size p = 0.01 and the tap-weight number M is
chosen to be 30. It is evident that E(k) is closer to zero for most
time intervals and has smaller variations compared to the subtrac-
tion results of V(K)-Vx(K). Thus, the time-varying error fluctua-
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tions of the optical fibre sensor can be well compensated for by
the ANC. The experimental results demonstrate that the SNR of
the intensity-based optical fibre sensor could be significantly
improved by the ANC method.
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Fig. 2 Fluctuation signals of sensing fibre arm and reference fibre arm
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Fig. 3 Comparison of error reduction between adaptive noise canceller
(E) and direct subtraction (Vg—Vy)

Conclusions: The error reduction of the referenced intensity-based
optical fibre sensor is presented by introducing an adaptive noise
cancelling method. The experimental results demonstrate the
feasibility of the proposed strategy for applications of optical
fibre sensors.
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Fibre dispersion or pulse spectrum
measurement using a sampling oscilloscope

Y.C. Tong, L.Y. Chan and H.K. Tsang

Indexing terms: Optical fibre dispersion, Optical fibres, Optical
modulation

A simple technique for measuring optical fibre dispersion (or
pulse spectrum if fibre dispersion is known) is demonstrated.
Ultra-short pulses are linearly dispersed in the fibre under test,
thus mapping their spectrum to the time domain. The delay
between two spikes in the dispersed pulse’s temporal profile,
corresponding to two spectral spikes, accurately gives the
dispersion.

Introduction: The accurate measurement of optical fibre dispersion
has recently attracted much renewed interest [I — 3] owing to the
need to accurately map out the fibre dispersion in long haul com-
munication systems which use the silica fibre low loss window at a
wavelength of ~1.55um. Although many techniques have been
developed [1 — 4] to measure optical fibre dispersion accurately,
the new technique that we describe here offers the advantage of
simplicity, and readily gives an accurate measure of the magnitude
and sign of the dispersion in the wavelength range of interest for
1.55 pym optical communications.

Theory: The basic idea of the proposed technique is similar to the
classic time of flight measurements [4]. However, our method does
not need a monochromator to resolve the different spectral com-
ponents of the pulse when measuring its time of flight. Instead, by
using ultra-short pulses, the wavelength of the dispersed pulse will
vary almost linearly with time, so that different spectral compo-
nents of the pulse are automatically separated by their arrival
times. The technique therefore simply involves passing low-power
picosecond (or shorter) pulses, with a known broad optical spec-
trum, through a fibre with unknown dispersion and measuring the
resultant temporal profile of the dispersed pulse. Provided the
peak power of the pulses is low enough to ensure that dispersion i3
dominant over nonlinearities in the fibre under test, the output
pulse profile will be purely dispersed, and if the input pulse is suf-
ficiently short, the temporal profile of the dispersed pulse will
trace out the input pulse spectrum. A point in the temporal profile
at a time delay At measured from an arbitrary reference point (e.g.
the central peak), is mapped from a point that is AA from the cor-
responding reference point (e.g. the central peak wavelength) in
the spectrum and, to first order, At = DLAA where L is the fibre
length and D is the average dispersion of the fibre. Thus, a meas-
urement of the time profile of the dispersed pulse and a measure-
ment of the input optical spectrum will directly and accurately
give both the sign and magnitude of the dispersion parameter D.
A figure eight mode-locked erbium fibre laser [5] provides a very
convenient and appropriate source of ultra-short pulses for meas-
urements in the 1.55um wavelength band, since its spectrum has a
number of sharp side-bands (spikes), which can be used as accu-
rate reference points for measurement of Ak and At. Alternatively,
if fibre dispersion is known, the same setup is a convenient way of
obtaining the relative spectral profile of ultrashort pulses using a
sampling oscilloscope (offering the unique ability of resolving only
the pulsed component of a spectrum which contains both pulse
and CW components).

Experiment. The experiment setup is shown in Fig. 1. The ultra-
short pulse source was a diode pumped erbium fibre laser, mode-
locked using the figure eight configuration [5]. Fig. 2a shows the
autocorrelation trace of the pulses from the erbium fibre laser.
The autocorrelation trace has a full-width-half-maximum
(FWHM) pulsewidth of 1.1ps (vielding a FWHM pulse width of
720fs, assuming a hyperbolic secant pulse profile). The input pulse
profile, Fig. 2b, measured using a 25GHz photodiode and a
40GHz sampling oscilloscope, showed that the measurement sys-
tem had a bandwidth-limited response of 16.5ps FWHM
pulsewidth. A 10%:90% coupler was used to split the optical
power into two portions: 90% of the power was sent to the fibre
under test, while the remaining 10% was used to trigger the sam-
pling oscilloscope. The dispersed pulses from the fibre under test
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