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rored, or otherwise corrupted during
the extensive FS and GS processing. This
would normally be done by projecting
an image on the focal plane array (FPA),
collecting the data in a flight-like way,
and making a comparison between the
original data and the data reconstructed
by the science data system. 

Projecting a focused image onto the
FPA through the telescope would nor-
mally involve using a collimator sus-
pended over the telescope opening.
There were several problems with this
approach: the collimation equipment is
elaborate and expensive; as conceived, it
could only illuminate a limited section
of the FPA (≈25 percent) during a given
test; the telescope cover would have to
be deployed during testing to allow the
image to be projected into the tele-
scope; the equipment was bulky and dif-
ficult to situate in temperature-con-
trolled environments; and given all the

above, test setup, execution, and re-
peatability were significant concerns. In-
stead of using this complicated ap-
proach of projecting an optical image
on the FPA, the Kepler project devel-
oped a method using known defect fea-
tures in the CCDs to verify proper collec-
tion and reassembly of the pixels,
thereby avoiding the costs and risks of
the optical projection approach.

The CCDs composing the Kepler FPA,
as all CCDs, had minor defects. At ambi-
ent temperature, some pixels look far
brighter than they should. These “hot”
pixels have a higher rate of charge leak-
age than the others due to manufacturing
variations. They are usually stable over
time, and appear at temperatures above 5
ºC. The hot pixels on the Kepler FPA were
mapped before photometer assembly
during module testing. Selected hot pix-
els were used as target “stars” for the pur-
poses of EEIS testing. “Dead” pixels are

permanently off, producing a perma-
nently black pixel. These can also be used
if there is some illumination of the FPA. 

During EEIS testing, Dark Current
Full Frame Images (FFIs) taken at room
temperature were used to create the hot
pixel maps for all 84 Kepler photometer
CCD channels. Data from two separate
nights were used to create two hot pixel
maps per channel, which were cross-cor-
related to remove cosmic ray events
which appear to be hot pixels. These hot
pixel maps obtained during EEIS testing
were compared to the maps made dur-
ing module testing to verify that the end-
to-end data flow was correct.
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A simple new way of obtaining ab-
solute wavefront measurements with a
laboratory Fizeau interferometer was re-
cently devised. In that case, the observed
wavefront map is the difference of two
cavity surfaces, those of the mirror
under test and of an unknown reference
surface on the Fizeau’s transmission flat.
The absolute surface of each can be de-
termined by applying standard wave-
front reconstruction techniques to two
grids of absolute surface height differ-
ences of the mirror under test, obtained
from pairs of measurements made with
slight transverse shifts in X and Y. 

Adaptive optics systems typically pro-
vide an actuated periscope between
wavefront sensor (WFS) and common-
mode optics, used for lateral registra-
tion of deformable mirror (DM) to
WFS. This periscope permits independ-
ent adjustment of either pupil or focal
spot incident on the WFS. It would be
used to give the required lateral pupil
motion between common and non-com-
mon segments, analogous to the lateral
shifts of the two phase contributions in
the lab Fizeau. 

The technique is based on a com-
pletely new approach to calibration of

phase. It offers unusual flexibility with
regard to the transverse spatial fre-
quency scales probed, and will give re-
sults quite quickly, making use of no aux-
iliary equipment other than that  built
into the adaptive optics system. The new
technique may be applied to provide
novel calibration information about
other optical systems in which the beam
may be shifted transversely in a con-
trolled way. 
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Means have been developed for en-
abling fiber optic cables of the Laser In-
duced Breakdown Spectrometer instru-
ment to survive ground operations plus
the nominal 670 Martian conditions that
include Martian summer and winter sea-
sons. The purpose of this development
was to validate the use of the rover exter-

nal fiber optic cabling of ChemCam for
space applications under the extreme
thermal environments to be encoun-
tered during the Mars Science Labora-
tory (MSL) mission.  

Flight-representative fiber optic ca-
bles were subjected to extreme temper-
ature thermal cycling of the same diur-

nal depth (or ΔT) as expected in flight,
but for three times the expected num-
ber of in-flight thermal cycles. The sur-
vivability of fiber optic cables was tested
for 600 cumulative thermal cycles from
–130 to +15 ºC to cover the winter sea-
son, and another 1,410 cumulative cy-
cles from –105 to +40 ºC to cover the


