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MBLT(Median Based Line Tracker)
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Line removal
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A standard method for removing unwanted line noise is the use of time domain notch filters [ 1] which have (ideally)
nulls in their transfer functions at the line frequencies. The disadvantage is that the signal-to-noise ratio of a transient
will also be reduced. The reduction depends on the bandwidth of the transient and also the location of the notches
relative to the shape of the transient spectrum.

Other line removal methods, such as the Kalman filter [2], CLRT [3] and cross-channel regression [4, 5], first estimate
the time series of the line to be removed and then subtract it from the data. The estimation is based on a model of the
line evolution and, hence, only applies to a subset of lines. Thus, [2] applies to violin resonances whereas [3—-5] work
for the power line and its harmonics. Besides this, these models do not explicitly take the effect of transients into
account which implies that these methods will in turn affect transients.
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2. The median based line tracker

We fix some notations first. Given a time series a, let a(n) be its nth sample and given two
time series @ and b, let a(x)b be a time series ¢ such that c(n) = a(n)b(n). S v OHBLERY
Let x be the time series from which lines have to be removed. Let F = {f,},
m=1,..., M, be the carrier frequencies of the lines that are to be removed and B = {b,,},
m = 1,..., M, be the bandwidths around the carrier frequencies that are allowed to be Z->®D/{Y Rig
disturbed (after line removal). In the following, we will assume the sampling frequency of a
time series to be 1 Hz without any loss of generality.

= 4 > Dcarrier frequency & bandwidth(dBEx1 & 9 %

2.1. Algorithm | _ . |
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The algorithm works by successively refining the estimate of each line in F througtlseveral
stages (say, stages 1 to P). Let the estimate in \stage k of a line at frequency f; be e®. To

obtain the estimate 'e‘g.k), the original time series X is first modified by subtracting an auxiliary
time series ES-") . Let the modified time series be denoted b ‘(,.k) =X — E(,-k). We explain below

how .9'5-") and ég-k) are obtained. &
(k) _ S(k—1)
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_(k .
e (k) DKHT7
J (i) Heterodyne fg.k) at the carrier frequency f;. This produces two time series, which we
denote by X 5.") and Y 5."), that are obtained as follows:

Sk) | k) _(k) = BE DR Dsin,cosiREANTOTAI >V EST
Xj * lYJ' i (xj (%) Q-’) low pass filterz B9, 3)

Qj(n) = exp(—2nif;n) ZNDOReIMEXYET 3, (4)

where £ denotes a low pass filter with a cut-off frequency of f;.
(ii) Apply a running median to both quadratures to obtain the time series X }k) and :)7](-") . The
running median V of a time series V is obtained as X&YDOmedianZ & 3

V(n) = median({V (r)}) r=n-—mg,...,n+my (5

where my is a fixed number. We call 2m the blocksize for the running median. The
blocksize for é'(,.") issetto 1/b;. medianBiz =070y 74541 X

(iii) The line estimate éﬁ-k) is obtained by modulating a carrier at f; with the two quadratures

A }k) and 371(-")

LB - S(k) . s o(k) = CDFETETAVORRINT—5 %
i s ((Xi %) )(*)Qi)' RevaZ ENTE S, ©)

The basic idea behind the above algorithm is to estimate a line after removing the influence of
other strong lines. Removal of other lines is done by subtracting the auxiliary time series .s’?‘).
The successive stages simply refine this process further. The use of a median for estimation
instead of a mean makes the estimate more robust against transients as we show later.
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Results

3. Results

The results presented here should be treated as preliminary. We have used a short (20 s) stretch
of data (the [IFO_DMRO channel) from the November 1994 run of the Caltech 40 m prototype
interferometer [8]. For these results, F = {30.718, 39.6, 41.1, 42.6, 52.2, 58.85, 70.00, 79.5,
109.4, 120.0, 139.6, 180.0, 197.82, 209.385, 210.82, 240.0, 246.0, 263.783, 279.155, 300.0,
349.0, 360.0, 418.76, 420.0, 479.95, 488.55, 499.95, 540.0, 558.38, 571.6, 578.66, 581.075,
582.55, 583.77,594.183, 595.27,595.914, 597.8, 599.05, 599.921, 605.5, 660, 720, 780, 840,
900}, b; < 1.0 Hz except for f; = 70.0 Hz where b; = 12.0 Hz and the number of stages
used was three. The data were down sampled to a sampling frequency of 2 kHz because of
memory limitations on the machine running this code.

 STOPSD |, MBLT#DPSD,
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Figure 1. The PSD of (a) the original time series £ and (b) the final residual after line removal.
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Figure 3. Effect on a transient. (@) The X quadrature, (b) ¥ quadrature. In both figures, the faint

dotted lines are the quadrature components, the dashed line shows the running mean estimate and
the solid line shows the running median estimate.
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