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ALTERNATIVE DATA COMMUNICATION SYSTEMS

G. W. Swensbn, Jr.

All existing VLBI systems use broadband magnetic tape as the communication
mediuﬁ Bétweéﬂ telescopes and central data processor.

A fundamental difficulty with the tape recording system is the lack of
information in real time concerning the performance of the individual tele-
scopes and périphef#l equipment. Fredﬁéntly a subtle failure of a minor yet
vital component will be unrecognized until after tape processing has commenced,
pérhaﬁs weeks or months after the observations. Such occurrences have resulted
in much wasted observiné time and scientific and technical effort. Program
changes during an observing session, based on preliminary examination of the
correlafed data, are frequently-desirablé; such changes are impossible with the
VLBIAsystems_éurréntiy in'use.}

The pos&obserﬁational tape'processing usually requires considerably more:
time thaﬁ‘thg pbser&ing itself, especially for multibaseline sessions, and so
the amount of‘scientific labor ;nyolved in‘an experiment is inordinately large.
Furfﬁerﬁore; the timetinterval,betﬁeen the ébsérving session and the production
of br&éésée@JQataiqén faﬁ to several months. Large amounts of magﬁetic‘tape .
;;e;in?Plﬁéd.ig a.;éjbr'Sbserfipé-ﬁfogram, and fﬁerg ;re thus significant logis-
tiéal problems.

‘Short—baseline interferometer systems,.whose antennas are interconneéted
by guided-&éve franémissionAsystems, suffer from none of the disadvantages
_mentioned above: Ihé coptrast»in efficiency and convenience with current VLBI
systems has led té consideratioﬁ éf suitable long-distance, broadband communi-
cations ﬁedia for YLBI use, —These include &edicated microwave radio links,

the continental television network, and communications satellites, all of which
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could pe;mit-real-time,.1ong—baseline interferometry, although they are:
uappargﬁfly.ﬁugh more expensive‘than the magnetic tape system.

Nd_substantiai'study of a dedicated, terrestrial, microwavejlink communi-
cation system for a VLBI netwoyk has been made; it seems obvious from super-
»ficial considera£ions of the economics, politics, and frequency-management
problems invoived that there is little pqint in considering this medium as a
solution to the data communication problem. While terrestrial microwave
systems well serve intermediate-baseline interferometer systems, of the order
of one hundred kilometers or so, they do not provide am attractive possibility
for the transcontinental or intercontinental network.

An initial inquiry into the characteristics of the network television
transmission system operated by the American Telephome and Telegraph Long
Lines division suggests that it would provide a technically feasible communi-
cation medium for VLBIT It is widespread fhfoughout the country, and methods.
are in practice for real-time transmission from locations (such as football
stadiums) other than established spudios. Presumably the same services could
be extended to rédio observatories;‘ It ié appareﬁt that many fedundant tele-
vision transmissioﬁ éhannels ére évai1able{és insurance agains?‘failure; these
coul& éonéeivably be\used for scientific puréoses on a secondéﬁriority basis
if s_uitab]_.é:_ t.a“riffs“c.oul'd b_g neg‘ot‘iat_e.d.

Tﬁé:teleQision ﬁétwork hasisbﬁe sefious Qigédvantages, of course. The
chief one is.its limited bandwidth. While the most widely—ﬁsed VIBI syétem
tMark iI) at present uses televi;ion format and bandwidth, there are strong’
motivations toward much broader bandwidths, and new VLBI systems are utilizipg
such bandwidths. There are also questions of phase and time-delay stability-
which are potentially troublesome. In any case, the télevision network has not
presented an attractive—enough alternative to the magnetic-tape system to have
merited intensive attention by the VLBI community, although its potential has

been recognized.



-3-

Probably the most promising _conuﬁunication medium for a transcontinental
VLBI he;work is the'optical fiber system, which has been developed to the
point at which it offers outstanding technic;1 advantages. Ultimately, it is
possible that a national optical»fiber network will be established to sqpple—
ment or supplant the existing microwave, coaxial cable, and satellite communi-
cation system. At that time, adequate bandwidth at low-enough cos£ should be
available through the commercial network to serve a nmational VLBI network.
This situétion probably will not be realized for many years, perhaps decades.
In the interim, a dedicated fiber-optic system is clearly economically
infeasible for scientific use.

The final.pogsiﬁility for real—timg VLBI data transmission is the com-
munication satellite. While the real éosts of such a system are undoubtedly
coﬁbérable witﬁ those of the media discussed above, particularly if space in
the radio f;éqﬁeﬁcy spectrum'is'considéred as an ecbnomic good, satellite
communicétions systems are frequéntly subsidized by national governments.fOI
reasons of policy. Hencé, from the point of view of the user the sateliitg
oftep_éppgars ;o‘be‘thé most'ecohoﬁic;l broad—Sand,‘long—distance.transmission
medium.

' io‘;est the~feasi?ility.of éatellite VLBI, a group of U.S. and Canadian
radio ést?onoﬁers iféﬂ, Kellérmgnn, Rayhrer, Broten, Fort, Knowles, Waltman,
and Swenson, Science lgé 289,:21-Dct.-l977) utilized donated time on the
experimental CTS (Hermes) satellite to condpct interferometer observations on
baselines between Algonquin Park; Ontario;and Green Bank, West Virginia, and
. Owens Valley, California, reséegtively. The experiment was successful.
Real-time fringes'we£e youtinely obtained on both baselines, using an effective
bandwidth of 10 MHé. -A total of.over 150 sources were observed, of which

approximately 25 percent exhibited fringes in real time. No determined attempt
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.was made to- extract fringe information on the remaining sources by post-
.obsernational processing.‘ Such an effort would have almost certainly been
successful in many cases.‘ PromiSing results were also obtained in the trans-
mission of prec1se time signals over transcontinental baselines, a technology
;of central importance to VLBI. Experimenters of the U.S. Naval Research Lab
and the Canadian National Research Council are continuing these time- and
phase-transmission experiments with another satellite.

The CTS VLBI experiment involved transmission. from the remote radio
telescope to the satellite and thence to the correlator at Algonquin Park.
The signal from the local telescope was sent-directly-to the-correlator. - The -
signal from the remote telescope.was thus delayed by approximately 0.25 second
in addition to the delay resulting from the geometry of baseline and source-
direction.-‘The differential delay was equalized by passing the 1ocal signal
through a digital delay line, probably the most elaborate one ever. bu1lt,
which aligned the two bit streams to an accuracy of 0 05 microsecond before
presenting them to the correlator.’“

In a satellite system specifically deSigned for multistation VLBI -all
telescope signals would be transmitted to the proceSSing station via. the

satellite, thus eliminating the 1argest part of the differential delay. The

delay—line problem is thus relatively minor.; Present-day satellite technology

i 1s perfectly capable of accommodating eight telescope channels of approximately
30 MHz bandwidth each (European Space Agency, Phase A Study on satellite VLBI,
Document No. SCl(80)l' Paris, February 1980). Whether the attendant frequency~
allocation problems could be’ solved is an open question. The European Space
Agency has planned a satellite;assisted VLBI system involv1ng existing tele~ .
scopes in eight countries, with a proposed completion date of 1985.

Should the United States wish -for political reasons to provide a-

geostationary communication satellite for astronomical use, it is technically



-5-

fegsiﬁle éo do so, and such a facility would greatly expedite the establishment -
and operation of a VLBI network. 1In the interim, particularly if real costs
are a major consideration, magnetic tape appears to be the most practical
communication medium. A satellite communication system could be added at any
time in tﬁe operating life of a VLBI network without a major reconversion of
existing facilitiés, by adding the uplink transmission facilities at the radio
telescopes and the downlink reception facilities at the processing center.

If such an evolution is a reasonable possiblity, it would be well to plan the
processing center in such a way as to minimize retrofitting of delay lines, |

correlators, data buffers, etc.



