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Imaging

Using this image processing tech-
‘nique, mass erosion rate and total mass
cjected from a surface due w0 rocket
plume interaction can be estimated by

analysis of the Apollo. cockpit video
sequence. Maxs crosion rate of soil is
measured by optical density (the second
moment of particle size distribution),

and is analogous t rainfall mass rate as
measured by radar reflectivity (sixth
moment of drop size distribution). The
breakhrough in his approach is the
realization that the National Weather
Service (NWS) radar/rainfall correla-
tion methodology can be used where
various soil size distribution models can

be substituted for different lunar loca
tions.
“This work was done by Philip Metzger of
Kenedy Space Cenler and John Lane of
FASL. For more - WM‘Z e
Technical Support Package hite
paper) nlumk\:llbvu]! com/tsp wnder the
Physical Sciences calegory. KSC-13871/2

Safe spacecraft landing on planetary
and small body surfaces is of primary
concem. Fstimation of landing risk s &
critical task: Vbln Ell"lﬂlhslﬂ u:mfr

‘nominal resolution, it i possible to fully
resolse boulders 25 m or larger, and
detect boulders as small as 1.2 m. With
Kaowledge of the Sun angles, the shac-
sare used 0

require the st mlpplng of
allpotental Landing hazards such as

plement
mm:mmmumc

generate rock < describing the
Iocation, width, and height of boulders. A
mapping oolkit computes statistical plots
and maps of rock density and abundance.

‘These algorithms are tilored to the
lunar environment, including two major
adaptations: automatic handling of
shadow contrast variations and image
Vi ar e bllity o diingu

 Automatic Lunar Rock Detection and Mapping
NASAs Jet Propulsion Laboratory, Pasadena, California

All current and fuure landed mis-
sions would bencfit from detailed analy-
ses of potetial landing sites, provided
il magery with submetcr resolu-
aailable. 1f not available, hazard

and avoidance systems arc tied. The
Tock detection algorithms described
were originally designed for such a task
and would be readily applicable.

Thiswork was dome iy Andres Huertas and
Yang CGheng of Caliech for NASA'S Jet

Propusion Laboratory. For more information,
dounioad the Technical Support Package

fresh craters (which cast shadows as
weil) from large boulders. The algo-
rithms run on deskiop computers and

can process a image in 30 minutes
with muldiple diagaostics output.

under the. z category.

The software e in this innovation is avait-
bl for commercil lisensing. Please contact Dan
Broderick_at Daniel E Broderick@jplnasa g,
Referto NPOASI04

SettmgSm

the center ofan image, the angle of rota-
mwmwn«m such that the

the hori-

e v
“This was accomplished in the follow-
g way A tlted image s normalized
that iis peak = 1. A threshold is

bina-
1y mask and find the approximate cen-

im
of mass, The binary mask is rotated, and
-~ bis calculated, where aand b are the
mw and smaller widths of the mask,

The angle of  oation is
ehean e Boks e hocuon of the
masimum of b,

swwtechbrief.com

 Technique f Findmg the Center of an Image of a Rising or

e widthy of the simulated image

with ray vertex heigh 5 ki have

the same [Width Hrwhl values as the
measured image. Becatse the exact cen-
ter of this snmuhu—d image is known, it

measured i lm;\gr is located in the same
Tocation, measured from the et vertex
@ the center of the mask, from

w”"mu-ummmmam
Jfor commercial lcensing: Plase coiact D

jpl.nasa gov

INASA Tech Briefs July 2014
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ATTA Coronagraph Working Group Team
awarded on this 7** day of August 2014
oy et By
Gary Blackwooy Z

Manager, Exoflanct Exploration Program Office Director for, Astronomy, Physics & Space Technology Directorate

This Team Bonus Award is presented to
Erkin Sidick

for outstanding contributions to the

Davé Gallagher

A

o SLSLISEe a8l e Wit (905,45 pawsy-1

7

JPL |
Certificate of Recognition |
Team Award
is hereby granted to:

Erkin Sidick,

August 13, 2014

For exceptional service in support of the AFTA Coronagraph effort.
Team members gave it all within [imited time-frame to accomplish a significant task,

/Mﬂ i %LJMVW//) %% woseln

Scott Basinger, Sypervisor Steven 4. MacenRa, Section Manager
Wavefront Sensing & Control Optics
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High-Contrast Coronagraph Performance in the Presence of Focal
Plane Mask Defects

*Erkin Sidick, Stuart Shaklan, Kunjithapatham Balasubramanian, and Eric Cady
Jet Propulsion Laboratory, Califormia Institute of Technolozy. 4800 Oak Grove Dnive, Pasadena,
CA 91109, USA

ABSTRACT

We have carmned out a study of the performance of high-contrast coronagraphs in the presence of mask defects. We have
considered the effects of opaque and dielectric particles of various dimensions, as well as systematic mask fabrication
errors and the limitations of material properties in creating dark holes. We employ sequential deformable mirrors to
compensate for phase and amplitade ervors, and show the limitations of this approach in the presence of coronagraph
image-mask defects.

Key words: Coronagraphy. adaptive optics, hish-contrast imaging, space talescopes, exoplansts
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Simulated Contrast Performance of Phase Induced Amplitude
Apodization (PIAA) Coronagraph Testbed

Erkin Sidick®®, Brian Kem®, Ruslan Belikov’. Andreas Kuhnert'. and Stuart Shaklan®
*Jet Propulsion Laboratory, California Institute of Technology. 4800 Oak Grove Drive. Pasadena.
CA91109. USA
PNASA Ames Research Center. Moffett Field. CA 94035, USA

ABSTRACT

We evaluate the broadband contrast performance of a Phase Induced Amplitude Apodization (PIAA) coronagraph
configuration through modeling and simulations. Broadband occulter mask design for PIAA-CMC is at an early stage.
and a study of the effects of wavefront control on broadband contrast is needed to determine the level of control the
occulting mask must achieve, so that the combination of occulter and wavefront control optimization meets contrast
targets. The basic optical design of the PIAA coronagraph is the same as NASA’s High Contrast Imaging Testbed
(HCIT) setup at the Jet Propulsion Laboratory (JPL). Using two deformable mirrors and a broadband wavefront sensing
and control algorithm. we create a “dark hole™ in the broadband point-spread function (PSF) with an inner working angle
(IWA) of 2(fi/D)xy. We evaluate a system using PIAA mirrors to create an apodization but not having any wavefront
error at its exit-pupil. and having an obscured pupil and a new. 20-ring PIAACMC occulting mask. We also investigate
the effect of Lyot stops of various sizes. For the configuration simulated here with the second-generation PIAA mirrors
and early mask designs (which were not yet fully optimized), the best 10% broadband contrast value was ~6.1x10%,
This is a 2x improvement beyond what the coronagraph produces in the absence of wavefront control. which implies that
further improvement must come from architecture changes or further mask optimization improvements.

Key words: Coronagraphy. adaptive optics. space telescopes. exoplanets
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Requirements on optical density and phase dispersion of
imperfect band-limited occulting masks in a broadband
coronagraph

Erkin Sidick
Jet Propulsion Laboratory, California Institute of Technology, 4800 Oak Grove Drive, Pasadena, California 91109, USA
erkin.sidick@jpl.nasa.gov

Received 22 May 2007; revised 22 August 2007; accepted 24 August 2007;
posted 28 August 2007 (Doc. ID 83289); published 12 October 2007

We investigate the effects of the parasitic phase of imperfect band-limited occulting masks on the
broadband contrast performance of a high-contrast i i ystem through modeling and simulations.
We also examine the effects of the phase and the optical-density dispersions of occulting masks whose
parasitic phase has been compensated at the center wavelength but is nonzero at other wavelengths. Two
types of occulting masks are considered: gray-scale masks such as those made on a high-energy beam-
sensitive glass, and recently proposed spatially profiled metal masks, both having 1D Sinc” (linear-Sinc®)
amplitude transmission coefficient (Sinc® intensity transmittance) profiles. We determine the conditions
for obtaining 1 % 10 * and 1 x 10 '° contrast values with a light centered at a 785 nm wavelength and
having a 10% bandwidth in a coronagraphic telescope having ideal optical surfaces but imperfect band-
limited image-plane occulting masks. © 2007 Optical Society of America
OCIS codes: 110.6770, 220.4830.
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Proc. SPIE. 9143, Space Telescopes and Instrumentation 2014: Optical, Infrared, and Millimeter Wave, 91430W.
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High-contrast coronagraph performance in the presence of focal plane mask
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Proc. SPIE. 9143, Space Telescopes and Instrumentation 2014: Optical, Infrared, and Millimeter Wave, 914336.
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[2] The Universe is still expanding. As expected.
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[3] Climbing the Cosmic Distance Ladder
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[4] NASA’s Imagine the Universe
http:/limagine.gsfc.nasa.gov/docs/ask_astro/answers/970630c.html

[5] Observable universe
http:/len.wikipedia.org/wiki/Observable_universe
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HCIT Contrast Performance Sensitivity Studies: Simulation versus
Experiment

“Erkin Sidick, Stuart Shaklan, John Krist, Eric J. Cady, Brian Kern, and Kunjithapatham
Balasubramanian
Jet Propulsion Laboratory. Califormia Institute of Technology. 4800 Oak Grove Dnive. Pasadena.
CA 91109, USA

ABSTRACT

Using NASA's High Contrast Imaging Testbed (HCIT) at the Jet Propulsion Laboratory. we have experimentally
mvestigated the sensiivity of dark hole contrast m a Lyot coronagraph for the followmng factors 1) Lateral and
longitudinal translation of an occulting mask; 2) An opaque spot on the occulting mask:. 3) Sizes of the controlled dark
hole area Also, we compared the measured results with simulations obtamed using both MACOS (Modeling and
Analysis for Controlled Optical Systems) and PROPER optical analysis programs with full three-dimensional near-field
diffraction analysis to model HCIT's optical tram and coronagraph

Key words: Coronagraphy, adaptive optics, space telescopes, exoplanets
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[1] Saturn Moons Enceladus And Tethys Pose In Near-Perfect Alignment
http:/lwww.techtimes.com/article ... t-alignment.htm

[2] https:/len.wikipedia.org/wiki/Enceladus

[3] https:llen.wikipedia.org/wiki/Tethys_(moon)

[4] https:/len.wikipedia.org/wiki/Cassini-Huygens
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[1] What Is a Black Hole?
http:/lwww.nasa.gov/audiencelforstudents/k-4/stories/nasa-knows/what-i
s-a-black-hole-k4.html

[2] Black hole
https:/len.wikipedia.org/wiki/Black_hole

[3] Supernova in Galaxy UGC 9379
http:/lwww.space.com/11425-photos-supernovas-star-explosions.html

[4] NASA Space Telescope Discovers 10 Monster Black Holes
http:/lwww.space.com/22736-monster-black-holes-nasa-discovery.html
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[1] Multiverse
http:/len.wikipedia.org/wiki/Multiverse

[2]
http:/lwww.astro.uu.se/~nisselcourses/kos2010/essaysl/filip/cyclic_univers
es.pdf

[3] http:/lIwww.youtube.com/watch?v=GFMfW1jY1xE

The Origin of the Universe and the Arrow of Time
GoogleTechTalks 1,443 videos ¥/ Subscribe

We can even imagine forming a new bubble of
spacetime -- a baby universe.

Baby universes start out small, with low entropy;
then they expand and cool, crea ) .

Just like the Big Bang.
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The basic principles

» The collision is driven
by an inter-brane
potential

» This is an explanation
to the dark energy
problem

* Density perturbations
are created in the
collision

mage taken from
Science vol 296 p. 639
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