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ω The proposed approach includes three high level steps:
1. Background estimation and removal.

2. Transformation of the multi-spectral foreground image pixels into a feature space based on matched filtering.

3. Perform Bayesian inference on the feature space to produce a likelihood ratio which can be thresholdedfor planet detection.

ω The initial focus is on background estimation and removal, since backgrounds must be successfully 
estimated and removed before later steps in the pipeline can be used. Initial findings during the 
background estimation development may also lead to revised ideas for the later steps.

PROPOSEDAPPROACH
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ω A visualization of all the SNR3 cases is shown for 
reference.

ω All exozodiacal disks appear to be symmetric with a 
smooth intensity roll-off. This was also stated in the 
data release notes.

ω The most notable variability comes from:

ςRelative intensity of the disk

ς Inclination and orientation

ςDecenters between exozodiacal disk, starshade
center, and image center.

RELEASE1 DATAOBSERVATIONS
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ω The first step in the process is to estimate backgrounds in the release 1 data. After visualizing the data it 
seems clear that exozodiacal disks are the strongest background source and should be prioritized for 
estimation and removal. 

ω Because the disks seem smooth and radially symmetric within an orbital plane, a parametric model seems 
appropriate.

ω Two general approaches can be taken towards constructing a parametric model:
ς First principals approach: In this approach a parametric model would be constructed according to theory which describes the structure of a disk 

and how it scatters light. For example the mass distribution may be described by a hydrostatic equilibrium, with some model of how light is 
scattered by the dust and rolls off with distance from the star. It seems like a lot of prior research exists on this topic.

ς Empirical approach: In this approach a parametric model would be constructed simply to match the image data as it appears, independently of 
physical theory. For example the disks appear to have a certain radial symmetry in a given plane, and have 1D function which describes the 
intensity vs radial distance from the center.

ω The empirical approach is taken initially, i.e. a parametric model is constructed simply through inspection 
of the data and iterating on quality of fit via a guess and check process.

BACKGROUNDESTIMATIONAPPROACH
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ωBased on visualizing the data and the description in the release notes, a parametric 
model for an exozodiacal disk image was developed with the following parameters:
ςCenter position ὼȟώ (pixels)

ς Inclination and Orientation Ὥȟ—(deg)

ς1D function for symmetric intensity roll-off:

ɆὪὶ ίὩ , where:

ς r is radial distance from the center

ɀίis an intensity scale factor

ςa,b, and c are polynomial coefficients

ςThis gives a total of 8 parameters, denoted by parameter vector Ἰ:

Ἰ ὼȟώȟὭȟ—ȟίȟὥȟὦȟὧ

EXOZODIACALDISKPARAMETRICMODEL
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ω Fitting the parametric model to observed data is performed as a nonlinear regression. The goal is to minimize a cost 
function which represents the error between the observed image and the image predicted by the parametric model. 
The optimization problem to be solved is defined as:

Ἰ ÁÒÇÍÉÎὅ)ȟὪὴ

ὅ)ȟὪὴ ὒὪὴ Ὅύ

ω Where:
ɀ ὴrepresents the free parameter vector

ɀ ὅrepresents the cost function 

ɀ Ἰis the parameter vector estimate resulting from minimizing the cost function

ɀ ύ represents a per-pixel weighting

ɀ ὒis a modified Huber Loss function

ω The optimization is currently being performed using the LevenbergςMarquardt algorithm.

ω The regression approach is being implemented in a modular fashion such that loss function, weighting scheme, and 
optimization algorithm can be easily mixed and matched as the complexity of the regression problem grows.

EXOZODIACALDISKPARAMETRICMODEL
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ω Solving the regression problem requires some consideration of handling unmodeled effects. Since the current 
approach only attempts to model the exozodiacal disk, the regression may perform poorly to the presence of 
unmodeled effects. The three most significant unmodeled effects in the images appear to be:

1. Occultertransmission, star flux, or any other fast-decaying effects near the starshadecenter.

2. A baseline background intensity level.(i.e. dark noise)

3. Exoplanets.

ω Regarding 1. Occultertransmission and other fast-decaying effects which are significant near the starshadecenter, 
but decay quickly with radial distance: An initial attempt was made to add those effects to the parametric model, but 
results were not so great. The quick and easy solution was to use the weighting scheme in the regression to set pixel 
weights to zero in a region around the starshadecenter. This is shown in the results as a masked region in the image.

ω Regarding 2. Simply subtracting the median intensity from the image gave decent results and allowed the parametric 
model of the disk intensity to roll off to zero.

ω Regarding 3. The chosen loss function, which is a modified Huber loss function, can be tuned to handle the 
exoplanets as outliers. The regression method attempts to be robust against outliers, and therefore does not 
consider the planets heavily in the cost. This can be improved further with a two-pass regression where pixels with 
large errors in the first pass are rejected as outliers and the regression is solved again excluding those pixels.

BACKGROUNDESTIMATIONAPPROACH
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ω Rather than showing results for all 30 cases, a few examples are shown that are categorized as: good, 
mixed, or bad.

ω ΨDƻƻŘΩ ǊŜǎǳƭǘǎ ŀǊŜ ŎŀǘŜƎƻǊƛȊŜŘ ōȅ ŀ ǊŜǎƛŘǳŀƭ ǿƘƛŎƘ ƛǎ ŘƻƳƛƴŀǘŜŘ ōȅ ƴƻƛǎŜ ŀƴŘκƻǊ ŜȄƻǇƭŀƴŜǘǎΦ LΦŜΦ ǘƘŜ ƳƻŘŜƭ 
has successfully accounted for a large majority of the image content attributable to the disk.

ω ΨaƛȄŜŘΩ ǊŜǎǳƭǘǎ ŀǊŜ ŎŀǘŜƎƻǊƛȊŜŘ ōȅ ŀ ǊŜǎƛŘǳŀƭ ǿƘŜǊŜ ōŀŎƪƎǊƻǳƴŘ ƛǎ ƘƛƎƘƭȅ ŀǘǘŜƴǳŀǘŜŘΣ ōǳǘ ǘƘŜ ǊŜǎƛŘǳŀƭ Ƙŀǎ 
some significant structure or bias that is an artifact of the background subtraction.

ω Ψ.ŀŘΩ ǊŜǎǳƭǘǎ ŀǊŜ ŎŀǘŜƎƻǊƛȊŜŘ ōȅ ŀ ǊŜǎƛŘǳŀƭ ǿƘƛŎƘ ǎǘƛƭƭ Ŏƻƴǘŀƛƴǎ ǎƛƎƴƛŦƛŎŀƴǘ Řƛǎƪ ǎǘǊǳŎǘǳǊŜǎ ǿƛǘƘ ƛƴǘŜƴǎƛǘȅ ǘƘŀǘ 
is dominant over exoplanet signals.

INITIALRESULTS
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GOODRESULTS
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GOODRESULTS
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GOODRESULTS
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MIXEDRESULTS
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MIXEDRESULTS



14Quartus Engineering Incorporated 

MIXEDRESULTS


