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Definition of Terms Nodding, Dithering, and Repositioning 
Astronomical observations must overcome two main obstacles.  The first is that the sky background is continuously changing because of atmospheric OH emission line variability (J, H, and K bands) and temperature changes (K band).  In addition, IR arrays have more pixel response variability and greater non-linearity compared to CCDs.

To deal with these issues a number of specialized observing techniques have been developed.   The term chopping is used to denote quick modulation of the telescope between observation of the astronomical source and the sky.  These moves typically happen a few times a second or faster.   Chopping is not part of regular AO observing with NIRSPEC, OSIRIS, or NIRC2 but is implemented for some Keck interferometer modes.  As the NIR TTS is not required to support interferometry, chopping is not discussed further in this document.

Dithering refers to a technique where several exposures are made of the same object with the telescope slightly displaced from the field center.  The moves are usually repeated in a so called “dithering sequence”.  Depending on the exact effect to be overcome, pixel to pixel response variations or sky background changes, the dither pattern and size of moves will be varied accordingly but it is typically only a few pixels in a regular pattern.    

Typically, nodding refers to techniques that move the science object a large part of or completely off of the science detector to measure the sky background.  This technique is used when the science object is known to contain extended emission over the full or large part of the field of view.  The two techniques, nodding and dithering, are often used together.  For example, a 4 move dithering sequence on the science object followed by a move to blank sky, “nod off source”, followed by the same 4 move dithering sequence to measure the background then a move back to the science object, “nod on source” to repeat the full set of dithering and nodding again. 
The NIR TTS System Design Manual [1] defines the dithering as moves greater than 20 milliarcseconds and less 5 arc seconds made during a science observation.  Nodding applies to moves greater than 5 arc seconds.  In all cases, these moves take a few seconds to complete.  Moves less than 20 milliarcseconds are defined as repositioning.   The NIR TSS current requirements [2] state that the accuracy of these moves is 10 milliarcseconds for moves of 10 arcseconds or less.   From experience with the current Keck II  AO system, the accuracy for field steering mirror moves is 40 mas and for tip-tilt sensor stage moves the  accuracy is about 5 mas.   

Telescope Moves During Closed Loop AO Operation 
Although the terms nodding, dithering, and repositioning are not consistently defined by all observers,  from the perspective of the AO systems supervisor controller and the telescope control system (DCS), they are handled in an identical way.   Regardless of the number and size of moves used in any particular observing sequence, all moves are relative to the starting position of the previous move.  The science instrument control software makes the request to reposition between exposures directly to the telescope control software.   The telescope control software then pauses the AO system (open loop).  When the AO system informs the telescope control system that it is in an open loop state the telescope then moves to the new position.  When completed the telescope, control software asks the AO system to resume AO correction (closed loop).    The steps are summarized in the following list: 
The only change for the NIR TTS system is that the detector regions of interest (ROIs) must be changed to reflect the new pointing of the telescope.  For example, if a move of 2 arc second east is requested as part of a dithering sequence, then the NGS tip-tilt star will appear to move 2 arc seconds in the opposite direction on the NIR detector.  As a result, the new ROI must be computed by the AO SC and communicated to the AO real timed controller (NGWFC) and also to the NIR detector host computer (TRICK host).  Additions to figure 1 would be handshaking between the NIR TTS components and the AO SC.  The change of ROI is not initiated by a mechanical device like the FSM and TTS so no connection is made to the optical bench subsystem (OBS) for repositioning of a science target.  More details of the design can be found in “Implementation details for Offset calculation for NIR TTS”, author S. LaVen.
Small Repositioning New Methodology
The NIR TTS System Design Manual [1], page 54, suggested that for offset on the science detector less than 20 milliarcseconds could be achieved while the AO loop remain closed.   These small moves could be achieved by moving the region of interest on the NIR TTS detector and not using the normal sequence using the telescope control system (DCS).  A similar functionality is currently provided by the “Slit Nod Widget” for NIRSPEC.  The software checks that the moves are so small does not reposition the telescope directly but instead move the AO field steering mirror if the requested move is smaller than 0.25 arcseconds.  Currently it is planned to have the NIR TTS move threshold to be set at 20 mas, approximately 10 times smaller.
When using the NIR TTS move implies the addition of a change in the control point within the ROI.  Note that the pixels on the TRICK detector correspond to 50 mas on the sky.  This change of control point (sometimes called centroid offset) will cause a corresponding change in the position of the AO tip-tilt mirror.  This mirror is located just behind the AO image rotator.  Therefore, the LGS WFS and the detectors on the TSS stage will also see these changes.  However, they are typically so small that they would not affect the performance of these systems as they have pixels about 10 times larger than the TRICK system.  Note also that constant offset of the position of the AO tip-tilt mirror will be offloaded back to the telescope pointing.  This is a unique method of repositioning the target on the science detector.
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