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The Agile Science Paradigm

Analyze data acquired onboard spacecraft and
respond based on analysis

Analysis results
in new imaging
goal(s)

Potential
volatiles on
Ceres
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Measurements: NEA volume, spin
and orbital properties, address key
physical and regolith mechanical
SKGs.
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Imaging Challenges

Reference
Sel

Target Detection and
Approach
Ephemeris determination

Target Position Uncertainty

Spacecraft Pointing and
Camera Limitations

Medium Field Imaging
Shape, spin, and local
environment

Short Flyby Time
(<30 minutes)

Uncertain Environment

Limited Downlink of 1 Kbps

Close Proximity Imaging
Local scale morphology, terrain
properties

Data Value Analysis and Sorting

Short Time at Closest
Approach (<10 minutes)

JPL



Raw Data is Messy
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Rosetta OSIRIS Narrow Angle Camera Detection of 2867 Steins
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Mission Operations Flexibility
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Data Calibration Feature Detection Operational Decisions
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Mission Operations Flexibility

Flat field /
Radiometric
calibration

Dark Current
Subtraction

Reference Star Cosmic Ray

Target Detection

Detection Removal

Downlink

Prioritize Data for Downlink “Quick-Look” Data Products

1



Cleaning Up the Noise

Column Shift

HIYS Moy

Sub-windowing around
reference stars makes
the problem
computationally
reasonable for flight
hardware.

Onboard co-registration of images improves SNR and reduces downlink requirements

[Thompson et al. 2015]
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Computation is additionally constrained by
onboard memory limitations.

Pick Data to Process in Place Temporal Median
Co-register Batches of 3 on Output Stack

Temporal
Median
Values Output Image
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Stepwise processing keeps the necessary memory small.

[Thompson et al. 2015]



Processed Data
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|dentify Targets with Onboard Image Subtraction
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Sl | —
Target Uncertainty Ellipse

Determine the shift between two images, subtract with (x,y) offset.

This type of information has many mission applications.

Current trajectory verification
and refinement

Automated target tracking

Target of opportunity detection
Target survey and classification



Does Your Target Look “As Expected”?

New Horizons Long Range Reconnaissance Imager Detection of Pluto/Charon
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