System-wide issues

· 1 pps tick is derived from Rb clock, synchronized to GPS, and distributed as needed.

· Nominal (mono-mode) solar observing has 1 s cadence, synchronized with 1 pps tick.

· State frame will be on 1 s cadence, synchronized to 1 pps tick.  Some values in state frame will be arrays of 50 elements, one per 20 ms correlator accumulation time.

· Some additional timing ticks will be needed – e.g. 20 ms and others delayed from 1 pps
Subsystem Issues

Antenna

· Controller will interface with cRIO in antenna control box.  All fast loop issues will be resolved by cRIO locally.

· SNTP information is needed by antenna—distribute on LAN. 
· Need optical (IR?) telescope mount point, for optical pointing.  Need system to transmit images to control building, for centralized processing of pointing analysis.

· Provision for a 16th (Canary) antenna – labeled ‘C’?  Parallel channel-pair can act as spare.
Feed

· Characterize feed for beam squint (as part of antenna calibration).
· How do we determine feed position for best focus?  Ans. Do this with 27-m on cosmic source, look for peak amplitude at high frequency. 

· Open question: Do we need a brightness or temperature monitor for feed tip?  IR sensor vs. brightness sensor?  Investigate further.
Front End

· Will use one variable attenuator, unless two are required by design constraints such as amplifier saturation, or total range of attenuation needed.

· Will assume 1 dB (or smaller) attenuation steps, but will use relatively coarse attenuator step size, e.g. 3 or 5 dB, to keep optical link in range (Optilab linear range is ~10 dB wide, centered at 7 dBm).  

· Individual antennas will be leveled for blank sky (attenuation setting does not matter, since it will be unchanged during calibration).

· Total RF power measured in each front end will be reported by cRIO, and used by central control system to update front end attenuator on all antennas simultaneously.

· Attenuator increments, in 3 or 5 dB steps relative to blank sky level, occur on 1 pps boundary.  Gain calibration only has to calibrate these coarse settings.

· ND is sized to double system noise on blank sky, which is the only setting on which it will be used.  Need associated headroom in IF chain.
· Temperature stabilization in front end is needed, but does not have to interface with any other system.  Any control issues will be handled by cRIO locally.  Temperature sensor reading will appear in state frame.  Cycling cooling/heating system should not produce artifacts in data.
· Phase switching will be used only in the 27-m cryo-receiver front ends.  Rate should be chosen to fit accumulation time with 50% duty cycle.

· How many monitor points are needed (e.g. RF, temps, etc.)?

Analog System

· Will use one variable attenuator, unless two are required by design constraints such as amplifier saturation, or range of attenuation needed.

· Will assume 1 dB (or smaller) attenuation steps, but will use relatively coarse attenuator step size, e.g. 3 or 5 dB, to keep digitizer from clipping (note, KAT ADCs have gain control).  

· Individual downconverter channels will be leveled for IF band variations (attenuation setting does not matter, since it will be unchanged during calibration).

· Total IF power, measured in DPP, will be reported in the pre-observation state frame once per second, and will be used by control system to update downconverter attenuator.

· Attenuator increments, in 3 or 5 dB steps relative to receiver IF level, occur on 20 ms boundary.  Gain calibration only has to calibrate these coarse settings.

· Provision is made for two subarrays, i.e. two separate LO systems, and pin-diode LO switches to select which subarray each antenna is in.  We require that LO settles in 1 ms or less, except possibly for a small number of tunings, which may require reproducible “dead” time.  Subarray data will be processed by separate DPPs.
Digital System

· Will use 4096 subchannels unless resource limited on ROACH-2 board.
· Accumulation time will be set by register setting, so early tests can use longer accumulation time, and hence slower cadence of data.  Will set maximum accumulation time to 160 ms, unless resource limited on ROACH-2 board.   Accumulation times will be adjustable in factors of 2 (e.g. 20, 40, 80, 160 ms).
· Assume that two 10 GigE outputs will be used, to ensure that we do not exceed capacity of one.  Size and format of data, plus any header information, TBD.  We will not use SPEAD.
· Each F-engine will send out P (32 bit) and P2 (64 bit) (TBC) on separate 1 GigE LAN (R and L for each antenna).  

· Correlator does all phase corrections such as fringe rotation, fine delay, as well as conversion from X, Y to R, L.

· Provision for toggling between X, Y and R, L, mainly for engineering purposes (characterizing feed beam pattern).

· No need for solar or geometrical coordinates.  Only delay (sum of delay center and geometric delay) and delay rate information is needed for corrections.  What update rate is necessary?

· Need to set sign convention in correlator to make u,v come out in standard way.  Naming convention for baselines is i,j, with i < j.

· It will be necessary to sweep the delay in order to measure delay center.

· Phase switching synchronous with that done in the 27-m front ends is needed for the two (x2 Ifs) 27-m input channels.  This can all be done on one ROACH-2. 
Digital Packaging Processor

· Will provide all information in the interim database needed for analysis.  No need for analysis software to access engineering database (i.e. archived state frame).

· Operation will not depend on source.  Information provided is merely passed through.

· No baseline correction required.

· Spectral simultaneity will be optional – probably not needed.

· DPP will discard 0 or more subbands adjacent to RFI contaminated channels.

· No need for a minimum number of subband contributors to a science channel – this threshold, if needed, can be applied at a later stage. (To be revisited.)
· DPP will apply a time-dependent gain table, if available, but the table will be in the state frame for subsequent reversal if needed.

· Flags for RFI and processes data from subchannels to science bands, which are defined to be narrow enough to ensure “small” errors due to bandwidth smearing. 
· Full RFI statistics will be written to disk, but not in permanent archive.  Selected RFI statistics may be archived with data.

· It will not be necessary to keep moments of RFI flagging. (TBC) Open question: Do science bands have to be linearly distributed within a 500 MHz IF band?  Relates to Miriad approach re: windows/channels.  Options are up to 34 windows each with a variable number of channels, vs. ~500 windows with exactly 1 channel.  Do we need to keep track of effective center of science band after subband  RFI exclusion?
· It is expected that DPP will be implemented on a single computer running Linux, programmed in FORTRAN, but scheme will allow use of a computer cluster if needed.

Monitor and Control System

· The Monitor and Control system will utilize the concept of a 1 s state frame to pass data among subsystems.

· State frames will be passed via a client/server model, through standard TCP/IP communication of subframes.  The server does not receive any requests, but rather clients read from the socket whenever they want.

· Subframes can be read by any number of subsystems.  Each subframe will be written to once and by exactly one subsystem, and passed back to the server with a status flag.  Reading a subframe with a bad status means ignore the contents and try again later.

· Subframe information will be self-describing, and reading/writing utilities will be provided for each subsystem’s operating system/programming language.

· Past state frames (the collection of subframes corresponding to one 1 s  period) will be kept in a rotating buffer of sufficient depth (5?) to ensure that all subframes have been written in the worst case latency.  A single future state frame will be assembled for the upcoming 1 s period, to enable the advance setting of control status, to be acted on at the next 1 pps mark.

· Once a state frame is set with all valid flags, it will be stored in the RDBMS engineering database.

· The control system will be the single location for calculation and dissemination of information (e.g.  source coordinates, delay and delay rate, etc.) to subsystems, to ensure that all subsystems receive the same information at the same time.   

· Commands arriving at a subsystem during one 1 s period will not be run immediately, but will be invoked on receipt of the next 1 pps.

· Care must be taken to ensure that attenuation changes occur on time—perhaps need to set a flag to indicate setting.

Science Data and Database System

· Acts on the interim (L0) database written by the DPP to produce the archive (L1) databases (general purpose, burst, magnetography, and “type III” databases).

· Starting with the general database, produces dynamic spectra overview (L2) database, then from  the L2 database generates the event list (L3) database.

· The L3 database is used to act again on the interim (L0) database to produce the burst archive and to exclude intervals from magnetography database.
· External data sources (e.g. GBSRBS data) may be used to create the type III archive.

· Some sort of automated selection of data from the burst archive will be used to generate representative images, to be written as individual FITS files (no datacubes).  
· Standard images of bursts and AR will be in I and V format (TBC).  However, note that R and L images are needed for self-cal, so have to convert to I and V for archived data products.
· Flare images will have restricted field of view centered on region of interest.

· Images are produced with solar north at the top, with X,Y offsets noted, in arcsec.  Header will include B angle and other standard solar and other keywords.

· Data be transported from OVSA to NJIT via internet (dedicated T1 line—may take most of night)
· ISSUE: How large (in time and/or MB) will individual Interim and achive datasets be?

Operator Interface

· Will be a specific instance of a general-purpose Display subsystem.

· Will present summary status page for entire array, but with the ability to drill down to any level of detail provided by the state frame.

· Will update on a 1 s cadence.

· We have not talked about manual control: IDLE (stops antennas), FASTOP (stops frequency switching), DASTOP (stops data recording), STOP (stops everything), commands for setting subarray antenna list, how these things interact (e.g. what happens if we stop the frequency switching but continue to take data).

· All normal observing will be under automated control of the scheduler, which consists of macro-commands implemented by control lists for various subsystems.  Control lists live in the central control system, and individual control list elements are sent one at a time with predetermined relative timing.

Calibration 

· Various calibrations have been described, each of which will be implemented as a macro-command and the associated control lists.

· Some control may have to happen at the pipeline stage, for any common (e.g. daily) calibrations such as phase calibrator observations.  Other calibrations may be more manual, if done occasionally.

· We require (ultimately) a total power absolute calibration scheme (using the Moon and/or Cas A).  Meanwhile, we can use RSTN/Nobeyama.

· Open question: Will we use the idea of a Tohban, perhaps via internet connection, to ensure regular checking of data, calibrations, etc., or rely on employees?
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