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Introduction

The 18M parabolic antenna located at the joint CSA/CRC/DND facility is an antenna that was originally used for ground station support for early Canadian experiments in satellite communications, and low-earth-orbit scientific satellites, including Alouette, and ISIS spacecraft.

The dish has been largely unused since support for ongoing ISIS operations was wound-down in the early to mid 1980s, and the dish has, apparently, been used only sporadically since that time. Several persons on-site at Shirleys Bay think that the antenna hasn't moved from a “stow” position for roughly 10 years.

The parabolic reflector and support structure of this instrument are still quite sound, with only relatively minor maintenance work required on the dish substructure.

The two-axis drive system of this instrument is in unknown condition, with the possibility of requiring substantial repair.

Parabolic antennae of such a large aperture are only rarely accessible to amateur radio astronomers and students, and the D.S. Kennedy antenna at Shirleys Bay represents a rare opportunity for a small community of amateur radio astronomers to conduct small-scale research projects that would otherwise be unavailable to them. Practical exposure to radio astronomy, its methods, and techniques, can be invaluable to young science and engineering students, even those who chose not to pursue a career in astronomy or related sciences. Many astronomy students graduate without ever having any practical experience in radio astronomy, particularly from the smaller institutions that can neither afford an instrument of their own, nor afford to sponsor a students “rent” on a shared facility in Canada or abroad.

Scientific potential

The D.S. Kennedy represents a large-enough aperture that modest, but still useful, scientific results can be achieved both by the amateur radio astronomy community, and interns and visiting astronomy students at CSA.

Pulsars

Pulsar monitoring would be an easily-realizable goal with this instrument, particularly in the frequency range for which the dish was originally designed (400Mhz or so). Pulsar monitoring is useful both for astrophysics, and precision timekeeping disciplines. Pulsars will occasionally “glitch”, and long-term monitoring helps astrophysicists to understand various aspects of their craft. Pulsar hunting is typically an activity that occurs on very large instruments, such as Arecibo, and the Green Bank Telescope. Populations of new pulsars are discovered routinely with large instruments, but the population of pulsars that are observable with smaller instruments (apertures below 50M or so) has been fairly-thoroughly “discovered”. But it's not inconceivable that given the right circumstances, and a substantial amount of computing power, new pulsars would even be found with a small instrument and a lot of patience.

Spectral Line Observations

The mesh surface of the dish likely becomes quite inefficient above roughly 1.8Ghz, based on a visual inspection, from the ground, of the dish surface.  There are two astronomically-important spectral lines that are likely “reachable” with this instrument—the 21cm line at 1420.40575Mhz (+/- Doppler), and the various OH+ lines between 1600Mhz and 1750Mhz. The existing receiver  currently used by the author covers 800Mhz to 2250Mhz, and with a small expenditure, can be made to cover 50Mhz to 400Mhz.

An upgrade (re-meshing) of the dish surface would allow observations at much higher frequencies. Using something relatively inexpensive such as aluminum window-screen to re-mesh would allow observations up to several Ghz, possibly including the 12.178Ghz Methanol line.  Such screen material only lasts a few years in our harsh Canadian conditions, but it may be useful to re-mesh at least the inner 10M to allow higher-frequency observing including the 12Ghz methanol line.

Continuum Observations

Continuum, or total-power, observations can be made at any reasonable frequency that is RFI-free. Continuum observations are useful for mapping discrete sources, or mapping the entire sky at a given frequency. The existing receive hardware is configured to observe over a 20Mhz band centered at 1420Mhz, with up to 8Mhz of instantaneous bandwidth available for simultaneous spectral and continuum observing.

SETI Observations

The current software in use (based on an SDR architecture called Gnu Radio) allows a special type of narrow-band spectral observation intended to identify signals of a possibly artificial origin. This so-called SETI mode is used to try to find signals of an extraterrestrial origin that could have been emitted by a civilization other than earths.  This mode is a standalone observing mode, in that it dominates the receiver hardware when running [note that the Continuum mode works in parallel with the usual Spectral mode].  By adding a 2nd receive chain (which would consist of the USRP down-converter/digitizer and a 2nd Gnu Radio PC), there could be a full-time parasitic SETI mode available, the cost to do so would be quite modest, even in amateur terms, with the signal from the 21cm front end split between two different processing chains.

Educational opportunities

Software-defined Radio and Radio Astronomy

The author has produced a significant body of software that implements the various receive modes used by a typical radio astronomy observatory, under the framework of the Gnu Radio project.

There is much for students to learn in understanding the design of the software, but perhaps more importantly, because the software is open-source, there exists a tremendous opportunity for students to improve the current software, including new and more efficient pulsar observing modes, and SETI observing modes.

In particular, much debate exists in the SETI community about which algorithms are best for performing SETI filtering, or running signals through the SETI gauntlet. Because the software is open-source, and reasonably accessible (mostly written in Python), students could easily try out their new algorithmic ideas in the classroom, and then deploy them in the field, with a real-live instrument.

More generically, the Gnu Radio architecture upon which the radio astronomy subtree is built is a fully-featured Software Defined Radio platform. Such SDR architectures are playing an increasingly important role in commercial telecommunications, and will play an important role in space-based communications as well. The Gnu Radio architecture represents a huge opportunity for students to tinker, with observational radio astronomy being the end application.

Uncertainties

The existing dish substructure and mesh surface appear to be in excellent condition, but there's a substantial amount of uncertainty about the condition of the drive mechanisms. If the drives aren't currently working, a substantial amount of investment, both in terms of volunteer labour, and capital will need to be made to revive this instrument.

The RFI environment at the Shirleys Bay campus is currently unknown. The observing frequencies of immediate interest are at 1420Mhz +/- 4Mhz, and 408Mhz +/- 4Mhz.  The campus is close enough to Ottawa, that RFI will be inevitable, quite apart from the on-going operations of CSA and CRC.  The degree to which abatement techniques will be necessary is currently an unknown.  Since the spectrum between 1400Mhz and 1427Mhz is reserved for passive radio astronomy observations worldwide, the band itself is fairly quiet, but the surrounded “neighborhood” is awash in unwanted out-of-band signals. Such signals can be quite detrimental to sensitive radio astronomy observations, and it may be the case that the existing low-noise-amplifiers will be inadequate for a high-RFI environment.  It may be necessary to design a new LNA that incorporates very low-loss cavity filters in front of the first HEMT amplifier to reduce out-of-band signals that would otherwise drive the LNA into compression or cause high levels of inter-modulation products.

A volunteer effort

A project of this magnitude requires a team that is able to dedicate some amount of time to the project, in order to keep it moving forward.  A small team of people has been quickly assembled to assist in the preliminary stages of this project. The time lines are highly uncertain, such is the nature of a volunteer, amateur project. The outcome, if successful, will be very rewarding indeed. An initial team of volunteers consists of:

· Marcus Leech, VE3MDL, Project Initiator and overall coordinator

Security Standards Advisor, Nortel CTO Office

Currently operates a small (3.7M aperture) radio observatory at his home near Smiths Falls

· Gary Atkins

Technologist, Canadian Space Agency, David Florida Labs

· Chris Lewis

Senior Security Architect, Nortel IS

· Doug Yuill, VE3OCU

IS Support Coordinator, Nortel IS

· David Scobie, VA3AE

Technologist, National Research Council Canada

· Greg Lewis-Paley

Second-year aerospace engineering student, Carleton University

· Barry McLarnon, VE3JF

Former CRC employee

Now consults to CRC from his own consulting company, BDM Communications

Did graduate work in Radio Astronomy, but spent is career at CRC dealing with broadcast technologies.

An electronic mailing list has been established to allow coordination of volunteers, and to allow subject-matter experts to provide technical insights, etc. The group already has an offer of a modern IGBT-based two-axis Hbridge controller suitable for replacing the existing antiquated drive electronics, from one of the remote group members.

Restoration and Operational Costs

The costs associated with restoring full operation to the dish are currently unknown. If substantial work is required on the mechanical aspects of the drive system, then potentially 10s of $K will need to be spent to restore the mechanicals.  If the offer of an H-bridge controller turns out to be useful, then the electronic control aspects of the drive system can be restored relatively cheaply.

The operational costs of this system are expected to be quite modest. Electricity requirements will be very modest indeed with a modern control system, and the receiving system(s) consume just a little bit more than an average desktop PC.

It is clear to the group that if substantial costs are to be incurred, then significant fund raising activity will be necessary in order to move ahead, and that a suitable organizational structure will need to be created to facilitate this fund raising activity. A not-for-profit organization or club could be formed to provide a structure for fund raising, and a locus for activity around the project. The mailing list that has been created is called the Shirleys Bay Radio Astronomy Consortium which is a name that would be carried-through to any not-for-profit organization created.

Access and ownership

Site access by the volunteers listed above will be necessary from time to time, with much larger numbers required in the initial restoration phase than during the operational phase. The volunteers all understand that the Shirleys Bay campus is a secure site, and will cooperate fully with whatever procedures are necessary to gain access to the site. Further, safety and other procedural rules in force at the site will be strictly observed by team members.  It is understood that a liability waiver will need to be signed by each of the volunteers having site access. It is possible that the above-mentioned not-for-profit can carry liability insurance for its members, this is a matter to be explored further.

The team acknowledges that this antenna is owned by the Canadian Government, in its guise as the Canadian Space Agency. We request that in light of the substantial commitment of time, labor, and capital that will be required to restore the dish to operational status, that the group be given exclusive use of the restored antenna for a period of not less than XXX years from the time that the antenna is made operational. We would like other uses of this antenna during the above time period to be coordinated through the group, and intend to accommodate such requests wherever possible.

Restoration of this antenna will likely require installation of equipment that isn't owned by the G.O.C., and therefore at such time as the project is terminated and the group ceases to have access to the antenna, we would remove any such equipment, where feasible.

Ownership and Access to Data, Images and Other Analyses

It is the intention of this project to commit all raw data, analysis and images directly created by the project to the public domain in further the aims of open scientific discourse, and science education.

Our hope is that with the facilitation of the CSA, we can offer the data over the Internet, through a website or FTP server.  Further, a system that allows observations to be scheduled over the Internet will facilitate the open scientific discourse that is a driving force behind this project.

Endorsements by other Organizations

The SETI League

Richard Factor, current president of the SETI League, presented the author with the following memorandum of endorsement:

To Whom It May Concern:

We, the SETI League Inc., are in receipt of a draft proposal

to use the D.S. Kennedy 16M dish at Shirley's Bay for Amateur Radio

Astronomy.  The proposal writer, Marcus Leech, has been a member of the SETI

League for a number of years and is familiar to me (as SETI League President) 

and to our organization as a valuable and enthusiastic technical contributor 

during that period.  I would like to, with this letter, strongly endorse

his proposal.

The SETI League is a non-profit organization of SETI enthusiasts who

believe that the search for extraterrestrial signals can be conducted

and enhanced by the work of individuals.  Unlike radioastronomy, which 

largely scrutinizes objects of known location with exquisitely sensitive

instruments, SETI focuses on attempting to find signals at unknown

locations with potentially greatly-varying signal characteristics.

The Shirley's Bay antenna will be a valuable adjunct to our program 

for several reasons:

1:  It is of an intermediate size:  Smaller than the enormous research

instruments that are scheduled to the minute, yet larger than ones that

our members can reasonably afford to build and support.  This gives us

more mobility and greater sensitivity than a parabola of much greater

or lesser size respectively.

2:  Mr. Leech, and the team he has assembled, the majority of whom 

are radio amateurs, have the expertise to repair and keep this facility 

maintained in a fashion that is beyond the capability of most of

our individual members.  If it is actively staffed, it means that it

can be used not just for attempts at signal detection, but as a critical

backup and verification facility for discoveries made elsewhere.  

Due to the expected transient nature of ET signals, confirmation 

on short notice is necessary to verify a detection.

3:  Having an additional facility in Canada, where we are under-represented,

adds geographical diversity to our observing locations, again a valuable

consideration when the location of the signal is uncertain.

Mr. Leech has assured me that if his proposal is accepted the dish will

be routinely available for SETI observations, for which we are grateful.

The SETI League is not, very unfortunately, in a position to offer 

financial assistance to the project.  However, we do have an inventory

of microwave hardware and accessories that we have acquired from various

donations.  It may be that some of this will be useful in the project

and we herewith offer to transfer needed items to the Shirley's Bay

Project should that be the case.

Please consider this to be a letter of encouragement and support!  It would

be a shame to let this excellent facility remain idle only to undergo further

deterioration.

Yours truly,

The SETI League Inc.

Richard Factor

President

The Society of Amateur Radio Astronomers











25 September 2007

To Whom it may concern,


On behalf of the Society of Amateur Radio Astronomers I would like to offer a letter of support to Marcus Leech and the Shirley's Bay Radio Astronomy Consortium.


Marcus is an active member of the Society of Amateur Radio Astronomers, a �not for profit� educational group of 300 amateur radio astronomers in 17 countries. He brings a blend of software and hardware expertise which should prove valuable to any restorative efforts at the 16m Canadian Space Agency site at Shirley's Bay. 


It's not often that such an ideal project comes together with the talent to facilitate an antenna's restoration and conversion to radio astronomy. We hope you'll look favorably on the Shirley's Bay Radio Astronomy Consortium and allow them access and permission to repair and work with the antenna. Small enthusiastic groups of this sort often are able to accomplish much with very little.


My own experience in this area is one reason I was asked to comment on Marcus' proposal. I worked with Georgia Tech in the student and volunteer based renovation of a pair of abandoned AT&T 30meter dishes 65 miles South of Atlanta, Georgia. The antennas provided a number of years of electrical engineering student projects.


Later I was selected as Technical Director of the Pisgah Astronomical Research Institute [ http://www.pari.edu ] in Balsam Grove NC. This facility was also an educational not for profit organization. They are an educational not for profit foundation using: two 26m, a 12m, and a 4.6m antenna for radio astronomy. And again, SARA members, amateur radio operators, students, teachers, retirees, and volunteers  were instrumental in the retooling of this NASA tracking station into a radio astronomy observatory. 


All too often these aging satellite communications sites are scrapped instead of allowing their continued use.  It is becoming more and more difficult to find students with hands on instrumentation design experience. These tracking stations are ideal hands-on project sources to facilitate the learning experience. 


Please work with Marcus and the Shirley's bay Radio Astronomy Consortium to allow access to the CSA 16m antenna so that they may use the antenna for similar projects.


If I may be of any further assistance in answering questions please don't hesitate to call or email. 

Yours Truly,

Charles S. Osborne

President of the Society of Amateur radio Astronomers

president@radio-astronomy.org 

and Sr. Satellite Systems Engineer

cosborne@datapath.com 

DataPath Inc. http://www.datapath.com 

Ken Tapping: The Dominion Radio Astrophysical Observatory, National Research Council Canada

[Enclosed in separate PDF file]

