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Introduction: NASA’s Earth science
mission.

The Earth Observing System.

Satellite data acquisition and processing.

The challenge of data fusion.

e A framework.

Conclusion: your ideas?

Data collected from multiple sensors on Terra.
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NASA’s Earth science mission: To understand and protect our home planet
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Earth Observing System

Earth Science Mission Profile 20Q4 -2010 14 November 2002
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NASA Synergistic Data Sources
e Terra satellite instruments:
e Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER)
e Clouds and the Earth’s Radiant Energy Systems (CERES)
¢ Multi-angle Imaging SpectroRadiometer (MISR)
e Measuring of Pollution in the Troposphere (MOPITT)

e Moderate Resolution Spectrometer (MODIS)

e Agua satellite instruments:
e Atmospheric Infrared Sounder (AIRS)
¢ Advance Microwave Radiometer for EOS (AMSR-E)
e Advanced Microwave Sounding Unit (AMSU)
e Clouds and the Earth’s Radiant Energy Systems (CERES)
e Humidity Sounder Brazil (HSB)
e Moderate Resolution Spectrometer (MODIS) CloudSat

e Aura satellite instruments: Cloud-Aerosol Lidar and Infrared

e High Resolution Dynamics Limb Sounder (HiRDLS) Pathfinder Satellite Observation (CALIPSO)

e Microwave Limb Sounder (MLS) Orbiting Carbon Observatory (OCO)

e Ozone Measuring Instrument (OMI) PARASOL

e Tropospheric Emission Spectrometer (TES) Technically not part of EOS
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Data downlinked by
‘granule .

No delay allowed- the
firehose is on!
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Data Processing

Level O

Reconstructed, unprocessed instrument/payload data at full
resolution; any and all communications artifacts, e.g.,
synchronization frames, communications headers, duplicate

data removed. -
~7.3 GB/orbit

Level 1A 275 m/11 k
~ Reconstructed, unprocessed instrument data at full resolution, Lover 1 Lovet 1 &2 TOrkA N
tlme refarenoed, ind annotated wl!:h angllary infom\ation : : e e

~1.1 GB/orbit

——y 1.1/2.2/17.6/
Qe 35.2/70.4 km

~475 MB/month

Global, coarsa
reaolut an summanas
of Lovel 1 or 2

0.5/1.0 degree

Level 4

Fordham University, November 30, 2006 Amy Braverman




Pintonot s ot and
S ot

N N S
(A <
N « ‘)\A Jet Propulsion Labotatory
. Calttornnl bttt of Te il
b

Fooosisiin bt

Example: "
MISR and MODIS *
on Terra ,.
! + ! / T
r*___i_'<_0,"__ I|'( + |II| + Il," . Iln" -
f + ,'il. —:_—?___—M_?L_*_—-IIL_——_—g’.‘:_—_-_'-—__
’_*_+_A?j_——m_——_.l—_—___f_“‘_~—*_?'£———+———£_: ) f'f )
.,-' + + | + |"I é ___T‘- |
; .

Fordham University, November 30, 2006 8

The Challenge
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Sampling patterns of level 2
aerosol data sets; MISR (yellow
pixels) and MODIS (blue pixels).

Different resolutions (MISR = 17.6 km,
MODIS = 10 km), offset and mis-
aligned grids => irregular overlap
pattern.
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e What we wish we had:

e MISR and MODIS measurements on the same, very high resolution grid,
at the same time, and with the same measurement error characteristics.

e We could then estimate the joint distribution of MISR and MODIS
empirically. and use it to make inferences about the underlying physical
process. (We still need a statistical model for the physical process to
accomplish this.)

e Applies just as well whether MISR and MODIS are measuring “the same
thing” or “different things”.

¢ What we do have:

e MISR and MODIS measurements on different, coarse resolutions (spatial
aggregates) overlapping grids at different times*, and with different
measurement error characteristics. (* In the simple example on the
previous slide, we assume same times.)

e Working definition of data fusion: to infer the joint distribution of two quantities
measured on different (but related) observational units.
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The same measurements taken at
different resolutions measure “different”
things.

\ -- thunderstorms vs. hurricanes

observational unit =

e g ¥ R 'i . | .
: / low resolution pixe Different “windows™ on the same
ground footprint ‘ 7
underlying phenomena”

-- cloud fraction
Suppose you observe B. How to getto C

(nested: easy)? D (non-nested/
misaligned: hard)? A (very hard).

observational unit =

high resolution pixel

d footprint i
ground footprin -- go B to C by aggregating over

observational units

Xs, s, / -- go to B to A using geostatistical
- $1, 8y continuous '
continuous space- models and methods .
time random process _ -- how to go from C (or B) to D~
Xs’l,s’z / Via A?

‘ Xsl 85 and szl 535 are all jointly distributed!
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Statistical model of data generating mechanism at multiple resolutions

Process model:

N, — j1 A

Data model:

Yo=Y +ep
1

= T (/1+(SS)(]S+(f;
'B| Jse 3

[ = large scale base value

dg = local perturbation

€ B = measurement error at resolution B p (or p(s)) may be all or part deterministic

Couv(ds, bs) specifies spatial covariance

Forgham University, November 30, 2006 11 Amy Braverman
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Can also understand relationships between B, C, D by:

1) Estimating spatial covariance by applying
geostatistical methods to blocks (pixels):

estimate C'oc{d.. 0. ) from the data as a function
of distance and direction and use optimal
statistical interpolation to smooth/estimate

(krging).

2) Using a Markov Random Field approach:

specify Cov(ds. dsr) as a function of
neighborhood structure, i.e. the conditional
distribution of s given all s’ # s depends only
on the neighbors of s .
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The objective of data fusion in the MISR/MODIS case is to combine data sets of the
forms C (or B) and D but for what purpose?

Does this mean (1) we want to use information provided by
C and D to make inferences about the A process...

or
does this mean (2) we want to use information provided by C

and D to make inferences about the spatial process on
areal units defined by the superposition of D on C?

What are the implications of deciding one way or the other?

“true” aerosol
process

In other words....

As the size of the observational units in C and D (pixels) A
gets smaller and smaller (2) approaches (1).

Since both MISR and MODIS measure related quantities we learn more and more about their joint

distribution at the level of A as (2) approaches (1}. (If they measure the same guantity, we expect
their joint distribution to have a linear regressiont)
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e More questions:

e How does this framework relate to or connect with other frameworks for
data fusion? Joint Directors Laboratories “levels” of fusion, for example.

e Many data fusion methods seek to obtain correct classifications of pixels or
objects in images. What are the spatial-statistical models that underlie those
methods and how are they related to this problem?

e (Co-registration is not data fusion because co-registration does not address
change of support issues. In what settings has co-registration been used as
the basis of subsequent analyses such that this distinction matters?

e What aspects of this spatial statistical framework are transferable and
relevant in other domains? Biology? Defense? Medical imaging? Marketing?
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