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Proposal for a New Autoguider Head for AF2

Introduction

A new guider head is proposed for AF2. The new design CCD camera will replace the functions of both the current CCD autoguider and the Westinghouse TV tube. The camera will provide a combined image showing the outputs of the mobile guide probe and the ten new small fibre guide bundles. The camera will be controlled by an SDSU controller interfaced to uDAS. 

The main advantage is that two ageing camera systems will be replaced by a single head of superior performance and maintainability. Secondary gains will come through deployment of further copies of  this camera at other focal stations. It is hoped that all current WHT autoguider heads and acquisition TVs could eventually be replaced by this design. As a CASS autoguider, the improved field of view would be very useful for dither mode observing with INGRID.  As an acquisition TV the advantages are a 8x improvement in quantum efficiency over a Westinghouse combined with an electronic on-chip shutter. 

CCD Specifications

Marconi CCD 47-20-1-A73  Science Grade , Peltier cooled CCD with standard mid-band processing.
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Optics
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[By comparison, the current CASS AG has a plate scale of 

0.1 arcsec/pixel ]
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Ten guide bundles each

 625mm diameter. 

Mobile probe fibre bundle

Autoguider Sits Here

Stationary probe fibre bundle
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1:1  Relay doublet.
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available CCD image area

Reformatted Fibre Geometry


1K x 1K  13m pixels.

Frame Transfer Architecture (on chip electronic shutter), with frame transfer period of  5-10ms

Dark Current : 1e per pixel per second.

Full frame readout at 4e noise : 2.5s

2x2 Binned readout at 4e noise : 0.7s

50 x 50 windowed readout at 4e noise : 90ms

Higher speed performance possible but with expected  loss of image quality and higher noise.

Details of Head Construction
The head will be no bigger than a current Autoguider, and can probably be made somewhat smaller. There will be two main connectors, one for the SDSU controller connection and another to the Peltier power supply. Another small socket will allow the internal pre-flash LEDs to be bypassed and an external LED to be used. 

The CCD will contain an integral Peltier cooler with a hermetic cover window. To reduce the possibility of condensation, the front of this window will be flushed with dry nitrogen. An internal flow sensor will monitor this supply. This may require an additional window in front of the CCD to prevent the inflow of ambient damp air. The Peltier contains an integral temperature sensor.

The Peltier will dissipate 10W and will be cooled by a small fan built into the head. The temperature of the CCD and the Peltier heatsink will be monitored by in-camera circuitry. If the heatsink gets too hot, the Peltier will be disabled to prevent damage.

The CCD will plug into a PCB containing all the head electronics. This will consist of a 2 channel preamplifier based around the Magellan design, anti-static protection circuitry, an 8 bit head ID code for uDAS and signal conditioning for the temperature sensors and flow sensor and  the Peltier control solid state relay.

The front of the camera will have a T-mount thread so that it can be mounted to the range of standard T-mount accessories, including the Meade telescope and various camera lenses.

System Schematic
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The camera internals will look something like this :
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Use of Camera at AF2.

The camera would be mounted in the same place as the current CCD autoguider. The ten small guide fibres that currently go to the Westinghouse would be re-routed  and optically combined with the large mobile probe fibre. The new CCD camera would thus replace both the current AG head and the Westinghouse.  The arrangement is shown below :
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The current AF2 mobile probe AG plate scale is 0.38"/pixel which is rather course. The extra resolution afforded by the new chip should improve the accuracy of the autoguider centroiding.

Appearance of User interface
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A suggested GUI interface is shown below

Software Features

· TV mode for acquisition
· Auto-guider mode
· Science camera mode (using uDAS RUN command) to save images as fits files.
· Images rapidly piped to standard display tool
· Ability to set up 1 window. Window co-ords displayed on GUI.
· Flexible binning
· Seeing monitor output
· Guide star S/N measurement
· Image saturation warning
· CCD Status info (Integrating, reading out or idling)
· Loop count if in TV mode
· Graphical indication of guide errors if in AG mode.
· Indication of head temperature and nitrogen flow status

Performance compared to the Westinghouse.

The main advantages of the proposed camera are its higher reliability and serviceability as well as its more stable imaging performance.  At very low illumination levels the Westinghouse will always do better in terms of detection limit due to its multiplication gain and zero read noise. At higher levels the CCD47-20 gradually wins out, however, through its higher QE. The calculations below show at what illumination level the crossover takes place for different frame rates. The comparison is done in the V-Band. A QE of 11% , zero read noise and dark current is assumed for the Westinghouse, a QE of 93%, read noise of 4 electrons and dark current of 1e per pixel per sec is assumed for the CCD47-20.

10Hz frame rate: CCD47-20 is better than Westinghouse for sources >25 photons per pixel per second

1Hz. :  CCD47-20 is better than Westinghouse for sources >2.5 photons per pixel per second

0.2Hz. : CCD47-20 is better than Westinghouse for sources >0.5 photons per pixel per second

The different pixel size of the two cameras (approx. 35m for Westinghouse, 13m for CCD47-20) can cause ambiguity in comparing the data thus. It is assumed that either the  plate scale per-pixel is the same for both cameras (achieved through suitable changes to the relay optics) or that the CCD47-20 is binned-up so as to emulate the physical size of the Westinghouse pixels.

The area of the Westinghouse field is 2.4 x larger than the CCD47-20. The displayed area of the Westinghouse is 24 x 18mm as opposed to 13.3 x 13.3mm for the CCD47-20.

Performance compared to the Cryocam

The Cryocam's main disadvantages are its mechanical shutter and poor user interface/display tool. In terms of readout noise and quantum efficiency the CCD47-20 will be superior but only by a small margin. 

The proposed CCD47-20 will use the familiar uDAS user interface and existing display/manipulation tools such as ximtool or saoimage. Its output image stream will appear directly in the DAS Sparc for autoguider processing or TV display via the uDAS 'GRAB' command or as uDAS science frames using the 'RUN' command. 

Further Uses for the CCD47-20 Camera

There are several further uses for this camera that are outside of the scope of the currently  proposed project. 

The software required to make this camera work as a small fibres guider make it almost universal. Further copies of the camera could be used as replacements for the current ageing autoguider heads at UES, CASS,GHRIL and PRIME. At CASS, the extra field of view afforded by the larger chip (1' x 1') would  allow dither offsets of +/- 20" when observing with INGRID. This is not possible with the current autoguider. 

It would be very nice if this design could replace the CASS TV as well. The problem here is one of field of view, which will only be half that of the Cryocam or Westinghouse. The field of view of the CCD47-20 at CASS is as follows:

TV scale 5 selected :  1 arcmin x 1 arcmin

TV scale 12 selected: 2.7 arcmin x 2.7arcmin

On sky tests would probably required for the observers and TO's to judge whether this is sufficient or not. If not, a post-focal optical relay could be considered to provide a 2:1 demagnification thus recovering the original field of view. This may consist of two medium format, commercially available lenses, placed external to the A&G box. Richard Bingham, the original optical designer of the A&G box is prepared to assist in the design.

Size comparison

The relative sizes of the imaging areas of the three cameras discussed above are shown here:
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Cost of Hardware

CCD : £7500, 10 week delivery (quoted 2 Nov '01)

SDSU Controller : $18,000 (SLO development controller could be used initially)

Detector PCB : £150 for first one, £50 for subsequent cameras

Connectors : £350

Peltier PSU : £300 (we have three surplus in stock)

PCB components : £200

Optical window : £30

New doublet relay lens pair: £100

New combiner mirror: £20

Metal Stock : £250

Total:  £21,400 complete,  £9,000 if development SDSU controller is used.
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