Implementation details for Offset calculation for NIR TTS

The NIR TTS camera is mounted on the AO bench and therefore put into the existing AO coordinate system. The existing acquisition camera (ACAM) provides the pointing origin reference. The pointing origin for the NIR TTS camera must be mapped with respect to the acquisition camera. The science instrument operating with the NIR TTS is OSIRIS. The NIR TTS detector and reimaging optics are mounted on a focus stage to stay parfocal to the OSIRIS focal plane.
The OSIRIS configuration file (k2dcsPorgOsiris.par) containing the pointing origins for the different optics will be modified to include the location of the center of the NIR TTS detector with respect to the center of the acquisition camera. These coordinates will need to be calibrated after correct alignment. 
The mapping of the NIR TTS coordinates to the science instrument focal plane changes as a function of the following:

· pick off optic used to feed the NIR TTS, 

· plate scale used in the science instrument (OSIRIS), 

· distortion in the NIR TTS and/or OSIRIS 

These factors are part of the instrument setup for the observation and fixed for the most part and the following sections describe how these are handled.

· Image shift from pickoff 

This offset is to account for shift in images for different types of pickoffs used for the NIR TTS (H/K/annular mirror). Pickoffs are likely to have a small tilt with respect to each other. The K type pickoff is to be used as a reference and the image shift for the other type of pickoffs will be calibrated in Xim,Yim units and stored as a pickoff shift parameter in a k1aoScTrickPickoff.par file. When the pickoff is changed as part of the day time preparation for observation, the corresponding image shift offset is read in the IDL script code to account for offset in the ROI locations of the guide stars. The keywords AOTRPKPX and AOTRPKPY contain X and Y offsets for current pickoff selected respectively. 
Image shift from plate scale of science instrument (OSIRIS)

OSIRIS supports 4 different plate scales (0.02, 0.035, 0.05, 0.1 arcsec per pixel) for the spectrograph and a 0.02 plate scale for the imager.  A change in plate scale configuration can cause a change in image position on the science instrument. A fixed offset for each of these plate scales is pre-calibrated in Xim/Yim units and stored in a k1aoScTrickOsiris.par file. A change in plate scale will use the corresponding offset from the par file to offset the ROI locations of the guide stars. The keywords AOTROSPX and AOTROSPY contain X and Y offsets for the current pickoff.
· Image shift from distortion in either OSIRIS or NIR TTS

This offset is to account for distortion in the image and is pre-calibrated for the OSIRIS and the NIR TTS and combined together. The offsets calculation could be either from a look up table or a polynomial curve fit. Either way the offsets are position dependent and different regions on the detector will have a set of x,y offsets expressed in the Xim,Yim coordinate system. Each ROI location will pick the appropriate x,y offsets. Therefore any change in ROI location due to other offsetting must apply/compute the correct offset that goes to “the NIR TTS summation block”.

The initial distortion offset is applied to the ROI calculation during the day time preparation for the observation. Thereafter distortion offset is applied any time the location of ROI changes dynamically as a result of other offset corrections.

· DAR (Differential Atmospheric Refraction)
DAR is a relative calculation based on the difference in wavelengths between the science instrument and the sensor measuring TT.  The effective wavelengths of the science instrument and TTS are functions of the filters being used by these instruments and the color of the science object and TT object, respectively.  The amount of DAR changes with telescope elevation and its orientation is in the direction of the vertical angle on the AO bench. The DAR offset controller is responsible for calculating and compensating for the affects of DAR in order to keep the science object fixed on the science instrument.

The output of the DAR controller is available in Xim,Yim coordinates as well as in mm units. To apply the DAR offset correction to the NIR TTS, the DAR output in Xim,Yim coordinate units will be converted to the Xim,Yim coordinates of the NIR TTS. This is passed along to “the NIR TTS summation block” where other dynamic corrections are also added. 

· Acquisition offset

This is the offset between the science object and guide star locations in the star list. The AO guide star tool has the units for the star list in Ra/Dec for both the science object and the guide stars.

When the target guide star is selected, the acquisition software sends the Ra/Dec, equinox, epoch information directly to the telescope pointing subsystem. The pointing subsystem converts the target positions and position angle to azimuth and elevation mount coordinates as well as physical rotator angles. The pointing subsystem produces the azimuth and elevation demands to drive the telescope to the desired mount position and to track the desired object on the sky. The pointing subsystem coordinates the slewing of the telescope position with the auto-guider subsystem. 

Since this offset is handled exclusively by the telescope control system and the necessary infrastructure is currently in place, no changes are anticipated for the NIR TTS sensor implementation. The only addition is the change to the existing acquisition script to compute the ROI locations and populate the keywords reserved for them.

The supervisory controller will send centroid offset to the RTC when the AO loops are first closed. The supervisory controller will also send the ROI locations to the TRICK host computer.

· ROI resize

The initial ROI size during acquisition is expected to be 8x8 or 16x16 (depending on the guide star). Once the guide stars are positioned and the telescope guiding is done, the TT loop is closed. A ROI resize algorithm will monitor the TT error and if the TT error is within a predefined threshold value and persists for a predefined period of time, then the ROI size is reduced to the next size. This continues until the ROI size is 2x2. If this algorithm is implemented and results in having to reposition or relocate the ROI, any centroid offset that might come out of this must be added to the “NIR TTS summation block”.
· Non-sidereal correction (goal only)
The non-sidereal tracking offset to move the guide star at the velocity and in the direction of the moving science object so as to keep the science object on the science instrument has already been implemented via IDL scripts. The script updates the non-sidereal offset correction in RA/DEC arcsec/sec units and sends the correction directly to the telescope pointing system. The script also updates the incremental changes to the tip-tilt stage position via keywords AOTSDX and AOTSDY. These keywords must be read, converted to TRICK coordinates and added to the “the NIR TTS summation block”.
· User requested offset (including dither and nod requests)
The user requested offset is generally known as the hand paddle offset that directly interfaces with the telescope controls. The user offset is currently entered via an operator GUI in Ra/Dec units as Ra/Dec offsets (keywords RAOFF, DECOFF) and these are processed by the pointing subsystem to slew the telescope to the desired target position. A sequence of events occurs with interaction between the AO and telescope controls as shown in the flowchart below:
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Final Offset Output:

This section describes the details of the transformation of the offsets computed in the previous sections up to the output to the RTC and/or TRICK Host computer.

“The NIR TTS summation block” mentioned in the above paragraphs has the offsets from all the contributors in Xim,Yim coordinate system. The output from the summation block is converted to NIR TTS pixel units and in this document referred to as pixel_offset. 

For each ROI, the pixel_offset is added to the current location of the centroid position. If the new centroid position is small and within the ROI boundary, the ‘offset’ is sent to the RTC.
If the new position of the centroid is outside the ROI boundary (depending on the ROI size), then a new ROI location and centroid offset is computed. It is checked against bad pixel map to ensure ROI doesn’t fall inside the bad pixels. The new ROI location is then sent to the TRICK host computer. Any new centroid offset is sent to the RTC.
Focus Control
The field curvature for the NIR TTS must be measured as a calibration. A focus algorithm has to be developed once the field curvature measurement is made. The algorithm includes the field curvature effects of OSIRIS. Thereupon the focus controls will be implemented to control the focus stage in the NIR TTS camera dewar. Since the measurements, calibration and correlation have to be developed with the instrument at a future time, the exact implementation details is unknown at this point and therefore provision is made for a set of keywords.

The RTC computes focus error for each ROI. A user selected ROI will be used to select the focus error of the corresponding ROI. This focus error will be used to apply a correction to the focus stage for the WFS. This is an input to the summation block in the focus manager control of the current capfast schematic for NGS WFS and LBWFS/STRAP focus controls.

In the current system the focus position of the NGS WFS or LBWFS/STRAP are automatically adjusted when the science instrument configuration (e.g. plate scales, filters, IFU or imager) is changed.  The same correction will need to be applied to the NIR TTS focus stage when the NIR TTS is being used.
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