
Australian Astronomy MNRF
ANNUAL Project ReporT: FY2003-2004 

1. Project Name
     SKA Molonglo Prototype (SKAMP)
2. Project Leader
     A/Prof. Anne J. Green
3. Participating OrganisationS 
      University of Sydney
      CSIRO (ATNF and ICT Centre)

4. Executive summary

The SKAMP Project is divided into three main stages, which can proceed largely in parallel. In the past year we have made good progress with constructing the Stage 1 continuum correlator and related signal pathway. The design matrix for the Stage 2 spectral line correlator is being revised and updated. The Stage 3 broadband line feed

is under simulation studies and a first prototype has been constructed.   

Stage 1 is a 96 station continuum correlator, with a 3MHz bandwidth centred at 843 MHz. This system will be used with the existing front-end feeds and signal pathway of the Molonglo Observatory Synthesis Telescope (MOST). The infrastructure and signal pathway is complete. The correlator is a 10-layer PCB, which is now being commissioned. We anticipate the Stage 1 system to be complete by the end of 2004. The digitisers and control software are complete. First fringes with an interim correlator have been recorded.

Stage 2 is a 30 MHz bandwidth spectral-line correlator, centred on 843 MHz. Existing ring antennas will used, with a new intermediate frequency distribution system. Specification of this stage is well-advanced. An engineering appointment has been made to enable this part of the project.  
Stage 3 will implement a wide bandwidth capability and frequency agility in the range 300 – 1400 MHz, with an instantaneous bandwidth of 50 MHz and a wide field-of-view imaging capability. Concept designs for this part are in progress. Feed development for a dual polarisation line feed is proceeding, funded by an ARC Linkage Project Grant. A first prototype (crossed wideband dipoles) has been built and is under test. Simulations of the total intensity and polarisation response of a large number of line elements are in progress. 
Additional Stages (not included in this MNRF project). At present, progress is being made with radio frequency interference (RFI) mitigation testing, in collaboration with ATNF. 
5. Milestones
	Milestone target and projected completion date (from Project Plan)
	Actual outcome and/or completion date
	Comments

	Dec 2003:   Test continuum correlator design
	Completed:  May 2004
	Design of 10-layer PCB delayed through manufacturing limitations. Continuum correlator now complete and being commissioned.

	March 2004: Appoint RF Engineer
	Completed:  June 2004 
	Adrian Blake appointed to the position.

	May 2004: Design concept for spectral line correlator
	Revised date: November 2004 
	Top level logic design complete. Final design dependent on test results from continuum correlator Availability of more powerful FPGAs allows simpler design

	June 2004: Fringes from 96-station continuum correlator. 
	Revised date: October 2004
	Fringes achieved with interim correlator and a selection of single baselines.

	June 2004: Update SKAMP scope of project document
	Completed: June 2004
	Project document being revised to conform to a uniform format.


6. Issues

· The delay with the manufacture of the correlator PCB was caused by limitations in the manufacturing and testing capability of the initial choice of manufacturer. The contract was subsequently let to EnTech with excellent results including optical and X-ray verification of the layout. 

· The appointment of the RF engineer at Molonglo was delayed by the final iterations of the Participation Deed between CSIRO and the University of Sydney, but this has had minimal impact as this position is required for the second stage of the project. Adrian Blake has now been appointed to design and implement the IF section of the signal pathway, including the optic fibre network installation
· The request for 0.1 FTE assistance with project management, including assistance with the reporting to DEST and ASKACC and management of the project plan, is still under consideration. This is a reduced request from the previous meeting, because of informal discussion indicating a difficulty with finding additional funds. However, the request is now more critical as the Project Leader (Anne Green) is on sabbatical until February, 2005.  A more detailed budget and timeline is in preparation. We appreciate the assistance given by the new Executive Officer, Mark McAuley in preparing the Annual Report to DEST. This help been very valuable.
· The relationship to the NTD project is still unclear. The SKAMP project is well-defined. The line feed is the highest risk element. It would be very efficient to capture synergies between the two projects and discussions have begun with the newly appointed Project Engineer. Related to this is the approval of assistance with feed development from the Emerging Science program (submission at the end of this report).

· The proposal to build the Department of Defence Joint Operation Command on a site 5km from the telescope is proceeding. A submission to the Parliamentary Standing Committee on Public works was made by Anne Green and Duncan Campbell-Wilson in June, 2004. After much iteration with the respective legal officers, a Heads of Agreement between the University and the Dept of Defence is ready for signature. One final item for the Heads of Agreement document is a formal approval from the stakeholders in the work of the Observatory (which includes ASKACC, AABoM and CSIRO), that the University of Sydney is authorised to act as the representative in all matters to do with this Defence project. RFI mitigation is the principal issue. Because of pressure to let the Tender for construction, a schedule of technical solutions has been agreed, which will be included in the Heads of Agreement and is binding on Defence.  ASKACC will receive a letter soon from the University requesting this approval. 

7. Highlights

· First Fringes have been recorded using an interim correlator. This verifies the signal chain set up in parallel to the present pathway. 

· A new electronics laboratory has been established and tooled in the School of Physics. The continuum correlator is currently being tested and debugged there, with the expectation of starting commissioning at site in September. Tim Adams is the principal engineer on this section of the project.

· The first prototype for the line feed, funded as a related project by the ARC, has been built by Martin Leung at Argus and is being tested. This is a three element array of wide crossed-dipoles. The performance and characteristics of a larger number of element are being simulated by the Research Associate Sergey Vinogradov. Rotating the elements so that the polarised signal is produced along and across the symmetry axis, shows promising results with high polarisation purity.

· In the digital signal pathway for the continuum correlator – the ADCs are assembled and 80% are tested, the delay and fringe-tracking board is under prototype testing and will be manufactured and populated by the end of September. Duncan Campbell-Wilson is coordinating this part of the project.

· The control software is being finalised. This is under the coordination of the Senior Project Engineering Manager, Mike Kesteven.

· Detailed plans for the optic fibre network are being developed by Adrian Blake and  Duncan Campbell-Wilson.

· Progress is being made with the final spectral-line correlator design, which will be improved by using more powerful FPGAs from Xilinx. Anne Green is applying for support from Xilinx under their University Program. She is also in discussion with Dan Werthimer of the SETI Institute to use their code and perhaps designs for the polyphase filterbanks. Aaron Chippendale will visit Berkeley to obtain two filterbanks for testing to incorporate into his EOR PhD project. He has been in discussion with Tim Adams on this work.

· Three papers will be presented at the SKA2004 Penticton Meeting in July, directly relating to SKAMP.  Two have been submitted to Experimental Astronomy to appear in the Proceedings.
8. Finances

The principal items to note with the Budget :
· The small increase in In-Kind contribution from the University has been covered by the institution. This item is the salary of the Site Project Supervisor Duncan Campbell-Wilson. At present, because of the several queries noted below, the figures from Table 1 are the only ones listed in Table 3, the Cash Heads of Expenditure.

· The cash contribution from the University of Sydney will be $100K per annum not $90K as in the plan to date. The higher figure was agreed at an early stage in negotiations and has now been ratified by the Participation Deed between the University of Sydney and CSIRO.  As a result of the recent signing of this Deed, none of the MNRF account was debited directly before June 30, 2004. However, there will be several journal transfers to reconcile payments made temporarily from other sources. No interest has incurred from these temporary transactions.

· The appointment of Adrian Blake at the site was made later than expected. His salary plus costs (for the FY 2003-2003, a total of $44.5K, using a multiplying factor of 2.0 on gross salary) have been temporarily charged against another account and will be transferred to the MNRF account for the financial year 2004-2005. 
· The salary plus costs of Tim Adams and some software & licences are covered by the LIEF Grant (LE0453677). This item appears under additional funds in Table 2. Note that the Grant is for the calendar year 2004, so 50% of income is listed under Table 2 income.  
· Funded by the Linkage Project grant (LP0346969), which is listed in Table 2, there are several items. Martin Leung has an APAI award. Sergey Vinogradov is paid as a Senior Research Associate. These salaries are treated as for other appointments.  
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	In-Kind Contributions from Participating Parties ($k)
	 
	
	
	

	
	Actual 2003/2004
	Budgeted 2003/2004
	Variance
	Cumulative Contribution (Total to Date – Actual)
	Cumulative Contributions (Total to Date - Budgeted)

	Salaries
	91.4
	87.5
	3.9
	180.5
	175

	Capital
	
	
	
	
	

	Other
	54.9
	52.5
	2.4
	108.3
	105

	Total
	146.3
	140
	6.3
	288.8
	280


	Table 2
	 
	 
	 
	 
	 

	Cash Contributions From Participating Parties ($k) 
	 
	
	
	
	

	
	Actual 2003/2004
	Budgeted 2003/2004
	Variance
	Cumulative Total to Date – Actual
	Cumulative Total to Date – Budgeted

	Cash contribution from participating institution
	100
	90
	10
	100
	200

	
	
	
	
	
	

	Other Funding Sources (ARC etc.)
	Actual 2003/2004
	Budgeted 2003/2004
	Variance
	Cumulative Total to Date – Actual
	Cumulative Total to Date – Budgeted

	 LP0346969
ARC&industry
LE0453677

ARC&matching
	100
29

	100
29

	0
0


	100
29
	100
29

	Total
	129
	129
	0
	129
	129

	
	
	
	
	
	

	 
	Actual 2003/2004
	Budgeted 2003/2004
	Variance
	Cumulative Total to Date – Actual
	Cumulative Total to Date – Budgeted

	MNRF Grant
	172
	172
	0
	172
	172

	
	
	
	
	
	

	
	Actual 2003/2004
	Budgeted 2003/2004
	Variance
	Cumulative Total to Date – Actual
	Cumulative Total to Date – Budgeted

	 Grand Total of Cash Contributions
	401
	391
	10
	401
	501


	Table 3
	 

	Cash Heads of Expenditure ($'000s)
	
	
	

	
	
	
	
	
	

	Total of Heads of Expenditure
	Actual 2003/2004
	Budgeted 2003/2004
	Variance
	Cumulative Total to Date – Actual
	Cumulative Total to Date – Budgeted

	 
	 
	 
	 
	 
	 

	Salaries
	180.6
	176.7
	3.9
	269.7
	264.2

	Capital
	
	
	
	
	

	Other
	116.8
	114.4
	2.4
	170.2
	166.9

	Totals
	297.4
	291.1
	6.3
	439.9
	431.1


	Table 4 

	Cash Cost (net of GST) of Purchased Capital Equipment ($k)

	List each item of purchased capital equipment (>$50k) separately, and group items that are less than $50k each

	Fin Years
	Description
	Location
	Quantity
	Value ($)
	Total ($)

	2003/4
	List items separately > $50K
	 
	 
	 
	 

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	 
	Group items < $50K
	 Sydney
	 various
	
	 7.2

	Total
	
	
	
	
	


12. 
Key Performance Indicators

12.1
National Facility Access

The MOST is owned and operated by the University of Sydney as a research and educational facility. Adequate access for testing of developments for the SKAMP project has been organized via the establishment of a parallel signal pathway. This will allow current science programs to proceed while the SKAMP project continues.  

While MOST is not itself a National Facility, it is made available to all astronomers on an informal basis. When SKAMP is complete, proposals for available observing time will be allocated via the Time Assignment Committee process of the Australia Telescope National Facility.

Since the SKAMP project is still under construction, there are no relevant statistics for user numbers and feedback. 

12.2
Collaboration and Linkages

The SKAMP project is an essential part of Australia’s contribution to the SKA development plan. Hence, it is linked to a major international consortium at several levels – through both scientific and technical working groups. The wideband feed development project is a three-way collaboration between the University of Sydney, CSIRO and Argus Technologies Australia, which is funded by the ARC under the LIEF program. The production and installation of the feed is part of the MNRF project.

12.3
Project’s Contribution to Research and Training 

There are presently three PhD students whose research projects and training are included in the SKAMP project The correlator is being built by a recently graduated electronics engineer, under guidance. He will have highly marketable skills for the SKA project. 

The project is developing expertise and undertaking research into technologies for wide-band antenna development, multi-path digital signal processing and innovative signal

correlation techniques.

12.4
Contribution to Australian industry

The wideband feed project will benefit the Australian SME Argus Technologies  in providing a cost effective line feed for a cylindrical antenna. It is also training a potential new employee and will provide the company with the opportunity to tender for relevant projects associated with the SKA project.

The Stage 1 continuum  correlator has been sent to the South Australian company EnTech for manufacture. They have shown interest in having our engineer visit to discuss the Stage 2 spectral line correlator. We continue to receive support from Xilinx as a user of their high-level field programmable gate arrays (FPGAs).

12.5
Promotion of the Project

The SKAMP website has been linked to the international SKA website and the project has been presented at the international SKA conference to be held in July, 2004 in Penticton, Canada. Progress reports are regularly given at ATNF and Sydney University. A presentation was made at the MNRF Symposium in June, 2004. 
12.6
Commercialisation

Argus Technologies is a partner in the broadband feed development. They plan commercialisation of a related design as part of their mobile phone antenna business, under our existing IP Agreement. 
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