Requirements to calculate offset to ROI for NIR TTS

This document addresses the types of offsets considered in the calculation of the ROI (region of interest) for the NIR (near-infrared) TTS (tip-tilt sensor) camera. This calculation should determine both the ROI on the detector (a 4x4 pixel or larger area) and the offset with respect to the center of this ROI, the centroid offset, where the tip-tilt guide star should be located in order to position the science object at the correct location.

The observatory’s standard image plane coordinate system (Xim,Yim) is used for describing the offsets in this document. This is the most convenient means in general to move devices and users need not know about axis flips caused by reflections or non-intuitive rotations between devices. The supervisory control takes care of the necessary coordinate transformation required by an EPICS capfast record. The standard parameters supported by the record include X/Y offset between the origins of the Xim/Yim coordinate system and the NIR TTS device coordinate system (considering the rotations and flips between the coordinate system axes which are pre-determined as part of the device calibration). This allows the astronomer to not have to know the NIR TTS device coordinate system. 

Ultimately the ROI including the offset is converted to pixel units before sending the ROI to the NIR TTS camera device as the device only understands pixels.

Two broad categories of offsets are considered: stationary and dynamic: The “stationary offsets” are a function of target star (also referred to as science object in this document) and guide star locations as well as hardware dependent offsets (pickoff, plate scale etc.,). The hardware dependent “stationary offsets” are determined from calibrations. This offset is calculated with the system in open loop mode.

The second type of offset is typically smaller in size compared to the stationary offset and called “dynamic offset” in this document. The dynamic offsets can change during an observation and therefore must also be calculated when the system is in closed loop.

Stationary Offset: The following offsets are considered in this category.

· 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 star and the offset must be converted to the Xim/Yim coordinate system.

· User requested offset

This is the observer/astronomer entered offset in Xim/Yim units. This offset is typically used to re-position the science object on the science camera.
· 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 and stored as a pickoff shift parameter. When the pickoff is changed, the corresponding image shift offset gets loaded to the summing calculator.

· 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). 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 the system. A change in plate scale will use the corresponding offset to account for the image position change. The 0.02”/pixel scale will be used as the reference.
· 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 offset could be from a look up table or an equation to be stored in the system.
Dynamic Offset: The following offsets are considered in this category.

· 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 objects, 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.

· Non-sidereal (goal only)
Two different scenarios are considered here.

Case a) non-sidereal science object and sidereal guide star. The offset to move the guide star computed from the velocity and direction of the moving science object to keep the science object fixed on the science instrument.

Case b) non-sidereal science object and non-sidereal guide star. The offset to maintain the science object fixed as a function of the velocity and direction difference between the science object and the guide star.

The case of a sidereal science object and non-sidereal guide object is not considered since it a very unlikely scenario (it would be the reverse of case a).

· Rotator mode Vertical Angle (goal only)
If the rotator mode is switched from position angle (PA) to vertical angle (VA), then an off-axis object moves with time on the detector. As the offset from the science object to the guide star is known, the ROI for the guide star will have to be moved to keep the science object fixed. 
· Dither correction
Adds the prescribed offset according to the dither pattern defined in a script that may be executed. This is similar to the user requested offset.
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