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The GASS is a survey of Galactic atomic hydrogen (HI) emiséiothe southern sky observed
with the Parkes 64-m Radio Telescop&Vith a sensitivity of 60 mK for a channel width of 1
km/s the GASS is the most sensitive and most accurate sufthg Galactic HI emission in the
southern sky. We discuss RFI mitigation strategies tha¢ lheen applied during the data reduc-
tion. Most of the RFI could be cleaned by using prior inforimaton the HI distribution as well
as statistical methods based on median filtering. NarrosviRiRI spikes have been flagged during
the first steps of the data processing. Most of these lines fe@nd to be constant over long pe-
riods of time, such data were replaced by interpolating [@®from the Leiden/Argentine/Bonn
(LAB) survey [5]. Remaining RFI was searched for at any posiby a statistical comparison
of all observations within a distance of D The median and mean of the line emission was cal-
culated. In cases of significant deviations between botta ehecked in addition whether the
associated rms fluctuations exceeded the typical scatt@fdgtor of 3. Such data were replaced
by the median, which is found to be least biased by RFI and atfiéacts. The median estimator
was found to be equivalent to the mean, which was obtained i&jecting outliers.
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RFI Mitigation for the Parkes Galactic All-Sky Survey (GASS

1. Survey description

The Paries Galactic All-Sky Survey (GASS) is a survey of Gdaatomic hydrogen (H)
emission in the southern sky for declinatiods< 1° observed with the Parkes 64-m Radio Tele-
scope. The first data release was published by McClure-Bgflb]. The GASS is the most
sensitive, highest angular resolution large scale surf&yatactic HI emission ever made in the
southern sky. The intrinsic angular resolution of the dsited4 (FWHM). The velocity resolution
is 1.0 kms! and the useful bandpass covers a velocity rauge < 468 kmsL,

2. Data reduction

Observations and initial steps in the data reduction areribesl by McClure-Griffiths [5].
For the second data release ([4]) the stray radiation fraratiienna diagram was calculated and
subtracted after an appropriate calibration of the obsens This correction may affect profile
wings, it is therefore mandatory to apply the correctionif@trumental baselines after the stray
radiation was eliminated. LAB data have been used for aiaimstimate of the emission-free part
of the profile. The instrumental baseline was fitted iteeyiby a 9" order polynomial. Channels
flagged previously as suspicious for RFI were disregardékisrstep.

After the initial steps in the data reduction all currentlyokvn systematical influences of the
instrumentation should have been taken into account. Tiaebdse has to be self-consistent. Three
main criteria for consistency are available: 1) the deridaddistribution needs to match previous
observations (e.g. the LAB data), 2) except for absorpteumsed by strong continuum sources no
negative signals should exist, and 3) data observed ataliffseasons should not deviate from each
other. Remaining inconsistencies have in the first insttmbe addressed to RFI. In the following
we describe our search for such problems and correctiohdiva been applied to the data base.

3. RFI detection

3.1 Flags set byLivedata

Easily detectable strong narrow-line interference wagydgduring the basic data reduction
with Livedata[5]. This kind of RFI occurs typically at fixed topocentrieefjuencies. As the tele-
scope scans across the sky the RFI moves in successive harthe LSRK frame. Most of these
features extend over large angular distances and affedts filght have been observed independently
at different seasons (Fig. 1). This behavior implies thatRrl remained approximately constant
for long periods in time, affecting most of the data.

This kind of strong RFI has been eliminated by replacing thgdéd signal by interpolated
data from the LAB survey. Alternatively we have tried to impelate the observed GASS data
by using the nearest ten good data points. Using LAB datdteesin all cases in much cleaner
maps. About 0.1% of all data have been flagged.lwedataand were replaced by interpolated
data in this first step. In addition, all profiles with morenl0 flagged channels were completely
discarded. Figure 1 shows an example of this kind of extemtied(left) in comparison with the
cleaned image (right). Most of the RFI is outside the bandsicey therefore a negative signal.
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Figure 1: Typical example for extended interference patterns tha¢Wegged by ivedatain the first stage
of the data reduction. Left: as observed, right: after Rh@eal using LAB data. The intensity scale is
linear for—0.2 < T < 0.5 K. Some weak structures remain but are mostlyrak 40 mK

3.2 Median filter RFI excision

Even after removal of the channels flagged in the initial datiction, numerous instances of
RFI remain in the data. Some appear as point sources, butdgbheabvious show “footprints” of
the 13 beam system that move on the sky in scanning diredgign 2). As before, the motion in
successive velocity channels is caused by changing LSRqtiajs of the fixed topocentric RFI
frequencies.

To search for RFI we used for each observed position a #tatistomparison of all data
obtained within an angle = 6. This angle allows a comparison of typically 40 individupéstra,

a number that is sufficiently robust for a statistical analysthout degrading the spatial resolution
too much. Using such a sample we calculate the mean for eacimeh the corresponding standard
deviation, and the median, disregarding data flagged ditheivedataor our own post-processing.
The average rms noise levetys= o(T) and its one sigma deviatiom(Trms) from the average
was determined for the low level emission part of the profile< 0.5K).

We have two tests for RFI. In the first, channels with rms dexis ATrms > 30(Trms) Were
considered as highly suspicious for RFI contamination amdstigated in more detail. We use as
a second indication of RFI circumstances where the mean adilam differ from each other by
more than one standard deviation.

To eliminate outliers for the channels that were selectdmth of the two tests, we determined
if individually observed brightness temperatures deviegen the median by more than two times
the standard deviation. In the case of a purely random biigioin this would exclude 5% of the
good data, and we consider this an acceptable cost to etininze RFI. We flag outliers and
repeat, calculating new mean and median estimators andnooieeexcluding any outliers.

Our two sigma limit may be compared with the more rigoroushmoétfor the elimination of
suspect data proposed by [6], which is based on probaliilggpri. Accordingly a rejection of a
data point that deviates from the mean at a two sigma levakitfipd if there are 13 independent
observed data values. Foe= 6’ we have on average 40 individual profiles and a two sigma lamit
appropriate if about 10% of the data are suspect. This dondg valid for many cases but we find
also situations where 20% of the measurements are outlietthiis case a cutoff at.& g(Trms)
would be more appropriate according to Peirce [6]. We devieim Peirce’s criterion in two
ways; to simplify the calculations we use a fixed2Trys) cutoff and we define outliers by their
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deviations from the median and not, as originally propose@dirce, from the mean. The latter is
essential since outliers caused by RFI can be found at temrtdrd times the standard deviation,
a circumstance that was not considered by Peirce; in su@sdas mean is usually seriously
affected.

To replace values outside the two sigma range, the beshbiaigstimate is the median value
scaled by the proper beam weighting function, for detailsefer to the extended discussion by [1].
We replace the previously selected data points by the wadghiedian and set a flag to distinguish
medians from observed values. A fractierb-10~* of the data is affected by RFI and replaced by
the weighted median.

One of the criteria that we used to detect RFI was the factrtfestn and median should not
differ by more than one standard deviation. We applied thiisrton also to test whether the median
estimator is consistent with the mean of all data after estahuof the outliers. Both methods were
found to produce nearly identical results. An example of RFcanning direction and the result
after application of our median filer is given in Fig. 2.

Velocity: +61.84 km/s Velocity: +61.84 km/s
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Figure 2: HI emission at \& = 61.8 kms™!. Data heavily affected by RFI in scanning direction of the
telescope (left) are compared with the clean map (righte iftensity scale for the range.04 < T < 20

K is logarithmic, emphasizing low level emission. Yellowl@s correspond to a brightness temperature of
~1K.

Figure 3 shows spectral details for one position in this fidhisplayed are the mean (red),
the rms scatter (green), and the median (blue) derived fprafiles that are closer than< 6’ to
the positionl = 0°, b= —13°5. Data in the left plot suffer from strong interference gt & 157
kmst, 55< vigr < 58 kmst, and at w, > 400 kms. Only a part of the data was flagged by
Livedataand replaced by values from the LAB. Despite all defects thdian (blue) is essentially
unaffected by RFI. The data after RFI elimination are shawthe plot at the right side. Profiles
for mean and median are within the noise identical, the rrofoise to the expected value of 0.4 K
and shows no strong enhancements. We find some fluctuatmsestol the line emission agyv~ 0
kms™L. This may have been caused by genuine fluctuations in thdié emission. To avoid a
possible degradation of such fluctuations, no automaticdaning was applied fofg > 0.5K.
These two plots demonstrate how greatly the rms is affecgddfd, and how deviations between
median and mean are obvious. Our RFI filter is triggered bh slaviations.
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raw data at | = 0°, b = -13.5% including RFI data at | = 0°, b = -13.5° after RFI mitigation
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Figure 3: Data at the positioh= 0°, b = —13°5 before and after RFI mitigation. The average is plotted in
red, the rms scatter in green, and the median in blue.

3.3 RFlin emission line regions

RFI that falls in channels containing iIHemission was usually removed successfully by the
above procedure, except in regions with strong spectraligmeés. Examples of such critical cases
are positions with strong absorption lines. Sources witbrdgiouum flux exceeding 200 mJy were
excluded from RFI rejection.

To avoid any possible degradation of the signal due to amaatio RFI filtering, the median
filters described previously were restricted to data with lvightness temperaturdg,ax < 0.5K.
The remaining data were checked visually. Only a few casewesth some residual RFI. For these
we increased the filter limits such that only channels wiffigant large rms deviatiohTryswere
affected. We verified that the remaining data were unaftebtethe median filter. As a general
rule we tried to avoid as far as possible any modification eftih emission lines through the RFI
filtering process. This implies, however, that some RFI meaygain undetected and be present in
the final data.

Some of the spectra were affected so severely by RFI thatrtbegled to be removed com-
pletely. We eliminated all profiles whose mean rms withintibseline region exceeded the average
noise level at its position by a factor of three. About 0.3%haf observed profiles were rejected
for this reason.

4. Results

For HIPASS, as well as for the first data release of the GAS&ginyg was performed by
Gridzilla using weighted median estimation which is robust again$&aiR#é other artifacts. For the
second data release, we use separate and independentpesded RFI rejection and imaging. As
described in the previous section, our median filter is lgrgensistent with the HIPASS median
filter algorithm for a radiug = 6'. However, the major difference is that we apply this filtetyon
to individual channels if two conditions apply: 1) an exdegty large scatter is observed with
a 3 times larger dispersion than the mean dispersion causétebmal noise and 2) mean and
median differ by more than one standard deviation. Only tlzh deviate from the median by
ATrms> 2- 0(Trms) are replaced by the median estimate.
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A blind search for RFI at any given position demands quitbaiate calculations. In total
10° profiles need to be read in, some of them have to be updatedRifteexcision. The original
SDFITS database does not allow an efficient access to ingiligrofiles. To optimize the 1/O
operations all data have been converted into a new datahaisallows fast random access. After
this the cleaning process took several weeks.

All data have been inspected visually, only in very few caBesautomated cleaning procedure
failed. The algorithm is based on a robust determination@éan median. This implies that less
then 50% of the data need to be unaffected by RFI. Except fotithe-independent RFI that
was replaced by LAB data, this conditions was obviously mite data were observed in two
independent coverages with two different settings for tdwall oscillators. For such a setup time
variable RFI would affect only 25% of the data, redundanéyves in this case to excise such data
without degrading the date significantly.

We found that in total somewhat less than 0.5% of all data Wastad by RFI and needed to
be eliminated. This amount appears to be low but one shokéditdo account that the 21 cm line
of the Galactic neutral hydrogen is observed in the protebtnd. To demonstrate how dramatic
the data are degraded by RFI we provide on our web server aentmai shows the RFI that was
eliminated from the GASS database. Also data can be dowetb&rdm http://www.astro.uni-
bonn.de/hisurvey/gass/.
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