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1.0 INTRODUCTION

A J-day workshop was held at Culgoora during 17-19
March 1986 with the primary intention of examining the plans
for the the design and operation of the LBA, and of studyvying
varioug potential problem= and areas of uncertainty, The
aimgz of the workshop were to reach & concensus on the design
and operation of the LBA and formulate detailed prlans for
ite implementation. During the workshop participants formed

small working groups with regponsibility for particular
areas,

Thies report contains the conclusions of the working

groups and also of the workshop as a whole,. It 13 not
intended to be a final definition of the LBA, but rather a
statement of the <current thinking of the garoup, For

gimplicity, =statements and sections of this report are not
attributed to their individual originators. Similarly., the
(overlapping) conclusions of +the working groups have been
re~-distributed to the appropriate sections of this report,

The following philosophy was adopted. Our immediate
aim should be to produce & working LBA 1n 1988-89, which
will be of immediate scientific value in tackling a number
of outstanding astronomical problems, However., the full
scientific value of the instrument will not he realised
until it is extended beyond the immediately planned
configuration, We should therefore see the LBA not only as
a speclalised instrument for tackling particular problems,
but also as laying the groundwork for a much more extensive
array with better u-v coverage within the next decade.
Space-borne antennae =such ag QUASAT and RADIOASTRON will
algo serve to enhance the usefulness and impact of the
future LBA,

Two key questions appeared many times in different
contexts during the discussionz, and the decisions on these
set the key to the whole design. These questions are:

1, To what extent =should the LBA be compatible with
other VLBI systems, and in particular with the US
VLBAY

L]

How much of the LBA can be built within the
avallable resources of the AT?

The consensus answers to these are:



Page 4

1. The LBR should be as compatible with the US VLBA as
is possible, in so far as this is consgistent with
getting the LBA going as =goon as possible. In
particular, it should be poszsible to process data
from either of these arrays on the correlator of
the other., This is best achieved by initially
operating the LBA in a mode in which fringe
rotation and variable-phase sampling are performed
at the antennas, but later providing a
‘compatibility mode’ in which fringe rotation may
be performed at the correlator, possibly with some
small degradation in performance.

2, The available budget should cover installation of
LBA data acquisition systems at Culgoora, Siding
Spring, and Parkes, together with

1., a spare unit which could be used to record data
from Hobart, and

2. & system to record data from Tidbinbilla using
either (a) a NASA-supplied MkIII VLBI recorder
at Tidbinbilla, or (b) transferring data from
Tidbinbilla to Parkes using the microwave link,
and recording the data on the Parkes recorder.

Thie report 1is organised so as to present an overview
and strategic decisions first, with detailed discussions and
justifications subsequently, The system presented here
reflecte the views of the workshop participants, and is not
to be interpreted as official policy,
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RECOMMENDATIONS

We should a&aim to operate a S-station LBA by
1989/90, 0Of these, three (Culgoora, Siding Spring,
and Parkes} will have their own Data Acquisition
Systems, one (Hobart) will use a Data Acquisition
System kept as &a =spare unit by the AT, and one
(Tidbinbilla) will either use a MkII!l recorder or
glse transfer the signal to Parkes via Radio Link.

The LBA should be constructed initially for fringe
tracking at the antenna. At a later date, a
compatibility mode will be implemented, in which
fringe tracking will be done at the correlator
using elither a Hilbert transform phase rotator. or
a hybrid FFT correlator. Any subsequent
observation can use either mode, depending on the
meritg of each sgcheme for that particular
chservation.

We note that +the incluzion of the 2ém antenna at
Hobart in the LB2 nearly doubles the amount of
information in any one map, and so the University
of Tasmania (U, Ta=.) should be given strong
encouragement to acquire the capability to
participate in LBA experiments,

In order to include the Hobart antenna in

the LBA we must choose between two paths: (1)
provisgion for fringe rotation at the correlator (by
1/90): or (2) provision of AT-compatible

down-converters, including fringe rotation, for the
Hobart antenna (by 1789},

Since an AT backend (i,e, LO and down-converter)

would allow U, Tasg, to make gingle-dish
observations ag well asg participate in AT
experiments, wWe sSuggest that U. Tas. be

encouraged to adopt a backend based on the AT
design, to our common advantage,

The feasibility of supplying a phase rotator for
Tidbinbilla =should be investigated. This will
involve not only provisgion of a phase-rotated LO
and sampler, but alsc the use of a computer to
calculate the rates and drive the rotator.
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Negotiations ghould start immediately with NRAO feor
the purchase of Data Acquigition and Playback
Systems. (Note added 29/5/86: these negotiations
have now been started.) The AT should
acquire four complete VLBA systems (record and
playback) by 1/89, with the option of purchasing
additional systems at a later date,

A= & minimum, the LBA should be capable of
recording 2 channels of 8MHz bandwidth. recorded
with 2-bit sampling, per station. This gives a
data rate (64 MHbit/s) which allows a 24-hour
interval between tape changes, thus enabling
unattended operation of Siding Spring. A double
rate {(requiring tape changes every 12 hours) should
also be possible at twice the above bandwidth,.

A minimum of two IF channels per station is to be
provided initially, although if costs (yet +to be
determined) permit we should aim for four channels
per station,

Real-time communication linke should be provided to
each remote antenna. These communication links
should be able to provide coordinates to the
antenna control computers, and transfer monitor
information back to Culgoora. The communication
links should include a data buffer at the remote
end, 8o that commands may be sent ahead of time to
minimige the effect of transmission delays or line
failures.

The available LBA LO distribution systems should be
reviewed in September 1986, If the viability of
cavity oscillators is then demonstrated, three (for
Culgoora, Siding Spring, and Parkes) systems should
be purchased for delivery between 1/88 and 1/89.
If funds permit. a spare unit which may be used at
Hobart should also be purchased,

If viability cannot be shown by 9/86,
development of & satellite distribution system
should begin early in 1987 and a system should be
in operation no later than 1/90, To facilitate
this, ve should cbtain the services of an
appropriate expert to develop satellite LO systems,
In the meantime, Rubidium standards (suitable for
use up to S-band only) should be provided for each
station,
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1f, however, more money becomes available
for the LBA LO systeme, acquisition of Hydrogen
Mager oscillators should be considered. This is
the only system which has proven performance in
VLBI networks and it has been chosen for the US
VLBA.

The LBA correlator should initially consist of ¢
blocks, with fleuxible configuration to optimise the
use of wvariable numbers of antennaz. No separate
continuum correlator need be provided,

In order to assure flexibility and
reliability the LBA correlator should not share
hardware resources with the CA correiator: it
should have its own array processor and control
computer,

Processing software must be provided for effective
use of small numbers (1.e., 1-3) of baselines, as
well as mapping software for larger numbers of
baselines,

Development priorities beyond 1989 should aim to

increage u-v coverage rather than increase bageline
length,



J.0 ACTION ITEMS

1, KJiw to investigate cost of equipping
Tidbinbilla-Parkes 1link with wideband digital
encoders/decoders,

2. DLJI to obtain details of VLBI recorder to be
installed at Tidbinbilla by NASA

J. DL to set out the case for the implementation of
simultanecus S/X observing on the LBA,

4., JWB/RHF to contact NRAO to discuss availability of
the VLBA record and plavback systems,

5. JDO/HMSE to run simulations of the effect of Hilbert
Transform fringe rotation technigues,

&. JDO/MSE to investigate technigques +to handle
validity bits, and in particular the feasibility of
injecting random noisgse during flagged data.

7. U, Tas to be encouraged to install an
AT-compatible LO and converter system, for their
use in both stand-alone and LBA use,.

&. KJW/DLJ/RNM to obtain detailils of access to
Tidbinbilla hardware., E.g,!: Can we get at the
front-ends, and will our equipment need to be moved
from antenna to antenna?

9, JWB/RNM to open discusszions with JPL/NASA to find
out how much time we are likely to get on the
Tidbinbilla teleszscopes after 1988,

10. The feasgibility of encoding data streams from two
different telescopes on to one VLBA recorder, and
subsequently decoding and correlating them, should
be investigated,

Progress on these action items should be reviewed at
the end of July 1986,
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4,0 OVERVIEW

The Long Bageline Array (LBA) of the Australia
Telescope (AT) consists of 1-6 22m antennas (in tied mode)
of the Compact Array (CA) at Culgoora, a 22m antenna at
Siding Spring, and the é4m antenna at Parkes. 1In addition,
the LBA will frequently wuse the 34m/70m NASA antennas at
Tidbinbilla. and the University of Tasmania 26m antenna at
Hobart, For the purposes of this report, all five stations
are included in the LBA,.

Az far as possible, each station will be controlied
from Culgoora in nearly-real-time, probably using Telecom
landlines and data modems, Similarly, monitor data from
each antenna will be sent along these lines to Culgoora. A
real-time fringe detection capability will be avallable, in
which four Mbits of data can be recorded in RAM at each
station and then replayed slowly over the monitor lines to
Culgoora, where they can be correlated in software.

The LBA will probably rperate with all five statione
for only one or two months per year. On the other hand, the
LBA will probably operate with a subset of these antennas
for over 50% of the year. With all five stations included,
the u-v coverage will allow high dynamic range maps to be
made of compact galactic and extragalactic radio sources,
but the large missing spacings in the u-v plane impose a
spatial filter on the data, which will preclude complete
maps of complex sources. However, other arrays such as the
US and European VLBI networks and MERLIN have shown that a
great deal of new and important zcience can be achieved even
with such sparsely filled arrays, With fewer than five
stations. the quality of the maps is reduced accordingly,
although it should be noted that even three stations will
produce vusable maps of simple structures, For example, the
discovery of circumstellar shells around OH/IR stars was
made with only three baselines, during the construction of
MERLIN, Even two statione, although not capable of
producing a map, can produce valuable data in areas such as
astrometry, pulsar proper motiong. and mapping of unresolved
maser spots,

At each station, the =sgignals will be downconverted
using equipment which may wvary from station to station.
They will then recorded on Data Acguisition Systems (DAS)
similar to those used for the US VLBA. In a minimum mode,
two 8MHz-bandwidth channels per station will be 2-bit
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sampled, so that each station will f£ill a tape in 24 hours.
However, wider bandwidths are alsc possible and will regquire
more frequent tape changes, to a maximum rate of one tape
every six hours, The tapes will then be posted to Culgoora
where they will be replayed and correlated typically two
weeks after the observations.

We cannot yet make the choice of frequency standards to
be uged at the stations, However, these are likely to be
either (a) a cryogenic cavity oscillator being developed by
the University of Western Australia, or (b) real time radio
links to each station via AUSSAT. If neither of these is
available by the start of LBA operations, then Rubidium
standards will be purchased for each station, allowing LBA
operation at the lower frequency bands., Time standards will
also be provided, probably in the form of an off-the-shelf
GPS system. Depending on the cost of the time standard,
only one portable standard may be purchased, since after the
initial observations the astronomical data themselves will
yield a clock error for each station.

The workshop discussed extensively the relative merits
of fringe tracking at the antennas compared to fringe
tracking at the correlator. The former is the system used
by the Compact Array (CA) whilst the latter will probably be
uged by the US VLBA. It was decided that the best
compromise would be to take advantage of existing CA design
work by running the LBA initially with fringe tracking at
the antennas, but at a later date implement a compatibilty
mode in which fringe tracking may be done at the correlator.

The correlator at Culgoora will congist initially of
only six blocks. These will be capable of being configured
in a variety of ways which are shown in Table 9.1.
Observing modes beyond these configurations can be handled
by processing in more than one pass.

This reduction in correlator size was seen by the
majority (but not unanimously) as being justified in view of
the probable difficulty in achieving the other goals of the
LBA within the allowed budget, assuming that the =aving on
the correlator can be passed on to other areas of the LBA
(e.g. data transfer, clocks and LO's, etc.). However, this
decision must await more detailed estimates of the costs of
other components of the LBA.

Table 4.1 gummarises the components to be provided for
the initial operation of the LBA.
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S.0 ANTENNAS AND RECEIVERS
5.1 Future Extensionz to the LBA

As vwell as the five antennas listed in the Introduction
to this report, we should consider at an early =stage what
the future extensions of the LBA might be. Table 5.1 lists
a number of antennas which have been considered for possible
use with the LBA., The first five are the antennas which are
expected to be available at the =start of LBA operations,
The wu-v diagram for those five, shown in Fig. 5.1, has two
major deficiencies:! it lacks East-West spacings and also
shorter spacings to fill in the gaps., The most pronounced
of these gaps is that between the 6km longest baseline of
the compact array and the 115km shortest baseline of the
LBA. The effect of these deficiencies is to imposge a
spatial filter on the source structures which might be
mapped. Thus the LBA in its initial mode, whilst capable of
mapping many sources of pressing astrophysical interest,
will only be sampling a range of the struectures which may be
pregent in the source. On the other hand, it should be
remembered that other arrays (e.g. MERLIN, VLBl networks)
with comparable u-v filling factors have produced a
substantial body of exciting astrophysical resultg, and that
there are many Southern objects which cannot be reached by
these instruments,

Both the deficiencies referred to above would be
overcome by the addition of stations at Adelaide (for longer
E-W spacingsg), Epping (for mid-range E-W gpacings), and
Cubbo and Gerwa (for short spacings). Note that swmaller
dishes (such as 14m ex-Fleurs dishes, for wavelengths of
13cm or more) could be used for the shorter spacings, This
ie because, 1in any synthesis array, the most sensitive
antennag should be on the longest baselines for the
following reazons:

1, Source structure iz more likely to be resolved out
on these spacingz, and so spatial Ffeatures which
are prominent on short spacings are likely to be
weak on long spacings,

2. In any time interval, a given u-v increment is
sampled more frequently by the short spacingg than
by the long spacings, and so the signal-to-noise
ratio in any gridded sample is lower for long
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spacings than for short spacings,

The last three sites extend the maximum baselines, and
thus enhance the resolution of the LBA, Whilst this is
certainly a worthwhile long-term aim, the consensus of the
workshop was that highest priority for future extensions of
the LBA should be given to the closer sites, in order that
the LBA should be able to produce high dynamic range maps of
complex sources as8 soon as possible, U-v plots resulting
from the addition of some of these stations are shown in
Figs, 5.2 - 5.4,

An interim mode of operation for the LBA would be for
gome additional antennas (e,g. Perth, Alice Springs) to be
equipped with low-cost Mk,II VLBI terminals, using video
casgette recorders, Data from experiments using these
antennas could then be cross-correlated with the LBA data,
Apart from the low costing terminals themselves, this mode
would require development of hardware and software to
interface the Mk,.II playback units to the LBA correlator,
Manpower is wunlikely to be available for this until 1989,
but then this option would vield wvaluable results on
gelected sources.

5.2 Frequencies of Operation

The astronomical requirements for frequency coverage
are broadly the same as those for the compact array, with
the possible exception of the 21em band, =ince most HI
sources are expected to be over-resolved with the LBA, and
the 18cm band is sufficiently close to the 21¢em band for
most continuum measurements.

An additional reguirement stem= from the desire to uge
the LBA for astrometry and geodesy, The effectiveness of
the LBA 1is enhanced for such work if all antennas are
equipped for simultaneous S5/X (3cm/13cm) operation, since
then +the 1ionospheric vphage variations can be removed.
However, it is not clear (a) to what extent the LBA will be
made available for geodetic work, and (b) how effective
simultaneous S/X operation 1ig, We note in this latter
context <that +the US VLBA have decided not to provide
simultaneous $/X operation initially, DLJ is requested to
get out the case for simultaneous S/X operation.

If S/X operation is given sufficient priority, then the
ingtallation of dichroic-reflector systems and offsget 3 cm
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feeds for szimultaneous 5/X operation with the new 22m AT
dishes should go first on the "6-km" dish of the compact

array and then on the Siding Spring antenna. Installation
of S5/X systems on Parkes (and Tidbinbilla) is not expected
to require substantial development or cost. The AT

project should expand its contacts with the geodesic and
astrometric community and explore the possgibilities of
gharing or combining resources to equip other LBA antennas,
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6.0 CLOCKS AND LO’'S
&.1 Introduction

Thig section discusses both LO standards and timing
reference clocks. The distinction is one of function: LO
standards control the observing frequency whereas timing
clocks control the time at which phase tracking is applied.
An error 1in the timing may cause unacceptable difficuities
in searching for fringes during processing, but an error in
the LO standards may, 1in the FTA option, preclude any
fringes at all being found, In practice, however, the
functiong share some components,

The original budget to cover the cost of microwave
links has to pay for all clocks, freguency standards, and
tape systems except for a timing clock at Culgoora, An
amount of $300K has been set aside for clocks but it should
be kept in mind that savings here may increase the budget
for tapes. The converse 18 also true,

6.2 LO Reference gtandards

A minimum of four LO standards allows for one at
Culgoora, Parkes and Siding Spring with a spare which would
normally be used at Hobart (Tidbinbilla hasz a maser
already).

Present specifications, shown in Fig., 6.1 together
with the performance of typical sgandards, call for 2 ps RMS
time jitter <(equivalent to 0.7 / GHz) out to 300 seconds
integration time and an Allan variance of 5,10°'% from 300
to 3000 seconds., This was considered to be leszz than ideal
by a factor of 3 at 10 seconds and a factor of 5 at 3000
seconds, However even H-masers barely meet this ideal,
Fig. 6.2 shows coherence times,

We have the following options for the LO standards:

1. The sapphire loaded cavities being developed at UWA
will ©probably exceed our gpecifications with

gsufficient development,. However there have been
delays in reducing the Allan variance much below
10-13, Although this is understandable in a new

development there must be doubt whether they can
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meet our timescale requirements and whether
commercial funding can be sustained if delays
continue, This option must therefore be regarded

as the best if it succeeds. Cost is uncertain but
is likely to be of the order of 3S80K % 4,

2. LO links via Aussat, Thiz option has been
extensively investigated (B. Anderson,
AT23.4.1/004), Signal to noise limitations on a

satellite link limit the attainable time jitter to
2 pe for short integration times. There is concern
that this will limit the LBA in the 40 to 120 ¢H=z
bands, There is alsc concern at the long
development time required and the lack of manpower
at present, Cost was estimated at $70K * 5 units,
including a master sgtation,

3. Rubidium standards,. These are usable for wmapping
over the initial AT bands below 10 GHz but are not
very useful for astrometry or for frequencies above
10 GHz. Availability is excellent and cost 1is
approximately $20K each. Since Parkes, Culgoora,
and Tidbinbilla will have these (or better), then
only Siding Spring needs one.

4. H Masers. These are ideal but costs are very high,
This is presently estimated at S250K % 4 units
(based on cost to the VLB2),

our conclusion is that, unlesg extra £funding becomes
available, masers cannot be considered. Sapphire cavities
are the best hope with satellite links the fallback option.
It was decided to review L0 sgtandards in six months to allow
time for the sapphire cavity position to become more
certain, If this option fails. we should obtain the
gservices of an appropriate expert to develop satellite LO
systems. A rubidium standard at Siding Spring will allow
initial operation to commence without delay.

6.3 TIMING CLOCKS

Timing clocks are required for three stations (Parkes,
Culgoora, Siding Spring), together with a spare which could
be wused at Hobart. It appears that 1 us stability would he
ideal but that 10 us per month with some means of
occasionally determining absolute time to 10 us is adequate.
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The main options, listed in Table 6.1, are;

1. GPS recelver, Better than 1 us &absolute 1is
achievable but present cost of 50K each is wvery
high, although this price appears to be falling,

2. Rubidiums, Cost is S$15K to $25K but will probably
be available at all sites for LO, They drift by
around 10 us per month and do not give absolute
time and must bhe =et accurately.

3. Aussat link., NHL intend developing this to replace
existing TV signal time distribution and =should
achieve 10 ug absolute accuracy. Cost could be
gquite low but is unknown,

The minimum requirement would be satisfied by a
rubidium at each site (as suggested for LO) and a travelling
GPS receiver (or maybe even a travelling rubidium?).

it wae decided that since delivery/development time was
not excessive, a final decisgion should be delaved for at
least 6 +to 12 months in view of possible changes to GPS
receiver pricing, NML Ausgsat development and the
implications of LO standard decisions,
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7.0 FRINGE ROTATION AND DOWN-CONVERTERS

7.1 Fringe Rotation: Antenna or Correlator?

There was considerable debate during the workshop over
whether fringe rotation should be done at the antenna

(Fringe
(FTC).

Tracking at Antenna: FTA) or at the correlator

The US VLEBEA have been debating the sgame point, but

at present it appearse likely that they will opt for FTC,.
Thus the pros and cons for the LBA are as follows:

PRO FTa:
1,
2,
3.

4 [l

PRO FTC:
1.
2.

It iz compatible with the CA

It is compatible with the present correlator design

Depending on the implementation of FTC, FTA may
have a glightly better signal/nolise ratio (szee
below)

No extra design work is needed

It is (probably) compatible with the US VLBA

Fringe tracking calculationz need be done only
once, thus easing the problem of algorithm
accountability,

It does not require access to the L0O's of non-AT
telescopes.

it has greater flexibility for multiple phase
centres, since the FTA method requires a high
correlator dump rate for multiple phase centres.

It eliminates the possibility of antenna-based
sytematic errors (see A .Rogers & J.Webber:
VLBAJZ26)

It eliminatesz the poseibility of receiver images
{see A,.Rogers: VLBA327)
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7. It easezs the problem of phase glitches caused by
the inadegquate range ¢of the AT phase rotators,

There are persuasive arguments on both sides, The
weightiest argument for the AT 1is probably that of
resources! our present correlator design does not easily
allow the use of a "conventional’” FTC scheme, Thus to adopt
an FTC scheme we must either re-design the correlator, or
else design a Bolt-On-Goodie (BOG), wusing either (1) a
Hilbert Transform technigque {(see Section 7.2 below, and M.
Ewing: AT/17.3.2/002, L. D’'Addario: VLBA321), or (2) a
pre-correlation FFT device, to turn the correlator into a

hybrid correlator, {see M.Ewing: AT/24,1/010) This
approach has several (althouah poasibly minor)
disadvantages;:

i, In the cage of a Hilbert Transform technigue, there

is some (probably ~ 10%) loss of signal-to-noise,

2. In the case of a Hilbert Transform technigue,
unavoidable ripples in the passband may make
gpectral-line calibration difficult (=2ee A,Rogers:
VLBAR328). ©On the other hand, these effectas are
predictable £from a well-determined algorithm, and
g0 in principle are removable in software,

J, Very strong spectral-line sources (e.g, the
strongest H» 0 masers) may cause saturation of the
pazszhband, This can be cured by reducing the

dynamic range of the input =signal by, for example,
injecting nocise in the front-ends.

The final consensus was that:

1., We do not have the resources to develop an LBA
correlator which is totally different from the CA
correlator,

2. We do not at pregent have the resources to develop
a B0OG, but will probably do g0 in the future,

3. Implementation of an FTA scheme will involve little
effort beyond that already required for the CA,

4, Compatibility with the US VLBA, QUASAT, etc. will
not be needed for ‘Day 1" LBA operation.
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It was therefore decided that the following compromise
should be adopted: the LBA should be constructed initially
for FTA operation, At a later date, a compatibility mode
will be implemented, in which fringe tracking will be done
at the correlator using a BOG. Any subsequent observation
can use either mode, depending on the merits of each =cheme
for that particular obserwvation,

7.2 Fringe Rotation at the correlator

The inputs +to the correlator are single real hit
streams, Three basic possibilities exist to fringe rotate
the correlated values:

1, Post-correlation fringe rotation, The complex
frequency channels after transformation from lag to
frequency space can be phasge rotated, This implies
a sufficiently rapid correlator dump time and
Fourier transformation rate. Better =till, a
longer integration time can be divided into a small
number of bing (perhaps 4 or 8) much as for pulsar
observationg, such that +the expected fringe 1is
synchronous with the whole sequence, The first bin
ig used to accumulate the first portion of each
fringe, the second bin the next portion and so
forth, Fringe rates of perhaps 125 Hz would be
possgible but all products in each module would be
constrained to have the same fringe rate,

2. VLBI Method The VLBI fraternity habitually use a
method whereby the one input is multiplied by

cosine and sine “fringes”. The result 1is two
components of fringe direction, one desired and one
in the reverse direction., The desired direction is

gelected by performing the correlation s=eparately
on both cosine and sine multiplied inputs, phase
rotating one correlation by 90° (swapping real and
imaginary and inverting one) and combining the two
to complete the =single =sideband mixer. The
requirement 12 a doubling of correlator size and
aleo suppression o©f correlator counts at some
points of the c¢ycle. Both requirements have led
Harty Ewing to reexamine the possibility of Fourier
transform methods to win back channels.

3., A Hilbert Transform (B0OG) Phase Rotator A single
sideband mixer can be constructed from a 0 deg and
a 90 deg filter by multiplication by the cosine and
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sine ¢f the desired fringe rotation. It is
possible then to construct a Bolt-On-Goodie (BOG)
to sit in front of the correlator in each telescope
input which rotates the telescope phase by a
desired amount,

7.3 Hilbert Transform (BOG) Fringe Rotator

The basic phase rotator is ghown in Figure 7.1, The
phage rotated result is obtained by:
F{x(t),phi} = F{x(t),0},cos(phi) - F{x(t),90}.sin(phi)

where F{x(t),phi} represents a phase rotation of phi.
The zero phase rotator is simply a delay (gince 90 deg
rotation cannot be achieved without a delay), and the 90 deg
rotator is a transversal filter with weights given
approximately by (l1-cos(pi.i)/pi.i for i = + 0,1,2,.,...N,.

Having progresgsed this far, it is possible to szee the
solution to the fractional bit =shift problem by a simple
extension, The fractional bit shift problem arises from the
fact that if delay and fringe rotation are to be performed
after sampling, then only integral delay steps are easily
performed, Furthermore, since delay correction is performed
to within +0.5 sample interval in each telescope input, the
error for a given baseline may be +1.0 sample intervals
which leads to considerable c¢ontinuum decorrelation, and
phasze errors for the highest frequency spectral line
channels, It would be desirable then to ensure that the
fringe rotator simultaneously resamplesz the output to
correct the fractional shift exactly.

The resampling is performed by adjueting the weights of
both filtera, The weights of the 0 deg filter become
sin{pi(i-tau))/pi{i-tau) and those of the 90 deg filter
become (l-cos(pi(i-tau))/pi(i-tau), Note that the 90 deg
filter is no longer a delay s2ince all weights are in general
non zero. The shift parameter tau is in the range -0.5 to
0.5.

A simple filter structure is shown in Figures 7.2 and
7.3. The filter is based upon the idea +that for +two bit
inputs, all possible products with the coefficients for phi,
tau can be precomputed and summed and stored in ROM. The
delay from filter tap to filter tap is performed by
pipelining the accumulation of the partial sum. The desired
tap length is purely a question of cost versus performance,



