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Outline

.  Mars Pathfinder Image Processing
(1997)

I. Phoenix Mars Lander Camera
Operations (2008)







Linear System Imaging Theory
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Mars Pathfinder Deconvolution

In practice, taking advantage of
the Fourier domain typically
does not work due to noise in

the image. _
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Instead, iterative deconvolution
techniques (Richardson-Lucy) are
employed using various
assumptions for the image noise.
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“Forward” process where |p are
tried until the convolved image
matches the final image, I.
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Effectively smaller pixel pitches (P) were achieved by
taking multiple images at random positions of the IMP’s
azimuth motor, correct image-to-image positioning
achieved using image correlation.

Sometimes called “Super-Resolution”






Object planes shown are for focus motor steps:
0, 87, 125, 153, 177, 198, 217, 234, 250, 265, 279 and 292.




Depth of Focus Algorithm Overview

—All images in focus cube linearly scaled
to generate correct relative image scale

at highest resolution focus

Increase image scale by cubic convolution
for each image in the focus series, relative
to the image accquired at the lowest focus
motor step.

MNormalize each image to 1. _ 2
| (-1 -2 -1 \

High pass filter each image
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Average each high pass filtered image —_ 1 —_— 2 J— 1
with circular window to create strength \ - _
of focus map.

Assemble strength of focus map into

cube m(x,),z) where £ is the lens position. Determlne Wthh plxels In the

' focus cube have the strongest

Determine strength of focus thresheld by binning all strength of focus values i
(312x236x# focus steps). threshold is set so that 312x256x1.25 pixels are above threshold. fo C u S S I g n al

Create 512x256 in-focus image 1fx,))

and - focus map mifey). Begin assembling single in-focus
| Image based on focus map

Assign values to i)
and mifx,y) based on which
position = in myx,y,z) has the
strongest focus, is above the
threshold and has at least
41 pixels from the same =
in a 9x9 window.

Unassizned
pixels in ifx,y) and
mifx,)) are chosen through
TECUISIVE TEZI0N SIOWIng,

initially § connectedness is
required but is reduced to fill

mifx,y), multiple

classification is resolved
based on strongest
fecus.

Assign pixels with ambiguous in-focus
signals to in-focus image using region
growing with iteratively reducing
connectedness threshold




Focus Molor Step 191

Original #notivatign for
development was as*a lossy but
high-fidelity image compression
algorithm — processinggime
concerns and calibration

uncertainty kept it from being
used in that manner.
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Ended up being used as an
image/scene analysis tool and a
tool for quick follow-on imaging
decisions.




Suspended dust particles

CMOS Detector and traveling through the sample volume

Electronics Housing

Afocal Optics

< Collimating Optics

"~ with Fiber Coupled
Laser-Diode Source
305 mm

Large depth-of-field particle
Image velocimeter (PI1V)
measures suspended dust
particle size, shape, flux, number
density and veIOC|ty (Speed and
direction) on planetary surfaces.

To measure dynamic dust
activity, high frame rates (4000
Hz) are required = generating >1
TB for every event.

Developlﬁ'f; an algorithm to
reduce the,d by more than 103
before d@& I




PIV Data Compression Algorithm Architecture
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Algorithm Processing of PIV data from a

June 3, 2007 dust cyclone intercept
Image after
Steps 1and 2
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Algorithm processing
of June 5, 2007 dust
cyclone PIV data "
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Summary

* Robotic planetary lander missions can benefit greatly from the application of advanced
image processing algorithms
— Improve real time response to data/decision making
— Enhance scientific return
e Since NASA’s 1997 return to the surface of Mars, advanced image processing algorithms
have been used on all Mars lander missions
— Mars Pathfinder: stereo imaging/ranging, hazard avoidance, super resolution...

— Mars Exploration Rovers: stereo imaging/ranging, hazard avoidance, dust cyclone hunting,
particle classification...

— Phoenix Mars Lander: stereo imaging/ranging, deconvolution, depth of focus, particle
classification...




