CIPS Camera Orientation
CIPS CCDs are mounted uniformly for all cameras.  Thus, the CCD serial readout register is in the same location relative to the camera housing assembly for each camera.  

The CCDs are oriented such that TDI will work properly on the two nadir (+Y,-Y) cameras.  This means that these CCDs’ rows are parallel to the direction of flight, as shown on the diagram.

Note: This diagram is drawn as if looking through the CIPS platform deck at the Earth (i.e through the camera lenses).
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CCD image data is sent to the CPA serially.  This is done by shifting the data from the CCD into Shift Register A, then reading the data out of the shift register in the direction indicated by the black arrow.  Thus, the first pixel in the serial data stream is the pixel located on the corner of the CCD located closest to this black arrow.  The second pixel is adjacent to the first and on the same edge of the CCD as Shift Register A.  This process repeats for all pixels on the CCD.
Full binning is supposed to be 8 columns by 4 rows in the dimensions of the final image.  The CCD bins 2 by 2 and camera FPGA bins 2 CCD columns by 1 CCD row.  FSW does the rest.
Thus, images gathered from each camera will have to be processed differently:

· +Y camera is the ‘normal’ case’
· -Y camera is the ‘mirrored case’

· +X  camera is the ’90 degree left’ case

· CCD columns are image rows (camera FPGA column binning is image row binning)

· Binned image as stored in SDRAM is rotated 90 degrees and is binned 2 image columns by 4 image rows
· -X camera is the ’90 degree right’ case

· CCD columns are image rows (camera FPGA column binning is image row binning)

· Binned image as stored in SDRAM is rotated 90 degrees and is binned 2 image columns by 4 image rows

Conclusions:

· FSW should swap in telemetry stream ‘number of rows in image’ and ‘number of columns in image’ for +X, -X cameras.  Only swapping this in the telemetry stream means FSW keeps track of ‘CCD rows’ and ‘CCD columns’, which is easier (since that’s the way the code already works).
· FSW should bin 2 by 2 for +Y, -Y cameras.

· FSW should bin 4 CCD columns by 1 CCD row (4 image rows by 1 image column) for +X, -X cameras.
Image Orientation Summary – No Binning
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	Mirror about a horizontal axis and then rotate left 90 degrees.
	Mirror about a horizontal axis then rotate right 180 degrees.
	Mirror about a horizontal axis then rotate right 90 degrees.
	Mirror about a horizontal axis.


Image Orientation – Full Binning
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TDI
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Since the +X camera (with the large sun baffle) is pointed in the direction of flight in the Northern Hemisphere PMC Season, SR A is in the direction of flight for the –Y camera, whereas the +Y camera has SR B in that direction during this season.
For the Southern Hemisphere Season, the SRs are reversed for these two cameras.

Thus, the TDI settings should be:

	Season \ Camera
	+Y
	-Y

	Northern
	To B
	To A

	Southern
	To A
	To B
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Image on CCD, t = 0

















+Y Camera
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Directions of Flight





-X Camera





CCD Plane








Shift Register A





Image on CCD, t > 0





Shift Register B





Direction of Flight





Image is moving on CCD in the direction of flight.  Correct for this motion by TDI in direction of flight (here, to SR A).
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Direction of flight, Southern Hemisphere PMC Season





Direction of flight, Northern Hemisphere PMC Season
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