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1. Introduction & Background

The thermosphere is highly ionized its geophysical proce
are very complex due to thellT coupling
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1. Introduction & Background
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debris operate in LEO, where
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decay and perturbations.
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1. Introduction & Background

A Thermospherimeutral densitymeasurements
and models are indispensable to study tiMIT
coupling and its physicalrocesses.

A Accurateair-density models are essential for
ephemeris prediction, orbital tracking and
satellite guidance.

A Thermospherimeutral densitiescan be
estimatedfrom accelerometers and GNSS
onboard LEGatellites.



2. Progress, Problems & Motivation

Global distribution of the thermospheric mass density
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2. Progress, Problems & Motivation

Solar and magnetospheric forcing
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2. Progress, Problems & Motivation

Measurements & Empirical models
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2. Progress, Problems & Motivation

A Processes in the upper atmosphere
are notwell understood.

A Thecurrent geophysical models are unable to
predict the variability as accurately and
efficiently required.

A Thermospherimeutral density estimators
based on POD schemesquire high technical
knowledge and dedicatedoftware (e.g.,
GEODYN, ODJK



2. Progress, Problems & Motivation

A A newtechniquebased on numerical differentiation of
POE is proposed for accelerometer calibration and
density estimation.

A A new technigue based in thBCA for the
spatiotemporal analysis of satellite measurements
alongorbits is employed in 3 casstudies:

1. Conservativeforce anomaliesfrom analytical TVG,
POEand accelerometer measurements.

2. Differenceshetween accelerometetbased densities
and the NRLMSISEQOO estima(@9032015).

3. Thermosphericneutral density distribution and
variationsfrom GRACE (2063015).



3. Methods & Data processing

Reference systems for accelerometer calibration
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3. Methods & Data processing

Drag force for density retrieval

A Dragforce formula:
1

F,=ma, =5Cfipvf
C Dragcoefficient(Cook 1965 Methaet. al, 2013
4 Crosssectional area
P Atmospheric density
v, Relative velocity of the atmosphere
m  Satellite mass
“p Aerodynamic acceleration

A Normalization to common altitude :

P, . (475km)
p, (1)

p(&75km) = p_, (h)
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3. Methods & Data processing
POE-based non-gravitational accelerations
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3. Methods & Data processing

Aerodynamic acceleration

Radiationpressure removal:
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3. Methods & Data processing

Reference systems in density retrieval
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3. Methods & Data processing

1t Density along orbit
2nd Data interpolation
39 Grid clipping
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3. Methods & Data processing
Principal Component Analysis (PCA)

4 Arrange each grid in a column.
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3. Methods & Data processing

Parameterization of time-expansion coefficients

7" Normalization to common flux (Muller et al. 2009):
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Fa(P10.7)
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8" Fourierleastsquaresfitting:
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4.1. Results: POE vs ACC

Smoothing and error removal
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4.1. Results: POE vs ACC

Smoothing and error removal

G RAC E irgtéothed POE

02F Very good agreement

*CalabiaandJin 2016



4.1. Results: POE vs ACC

Assessment of POD and force models
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4.1. Results: POE vs ACC

Assessment of POD and force models
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4.1. Results: POE vs ACC

Assessment of POD and force models
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4.1. Results: POE vs ACC

Assessment of POD and force models with PCA

Structuresat the subdalily frequency probably related to
atmospheric tides
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4.1. Results: POE vs ACC

Assessment of POD and force models with PCA
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4.1. Results: POE vs ACC

Accelerometer calibration
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4.1. Results: POE vs ACC

Accelerometer calibration
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4.1. Results: POE vs ACC

Uncertainty of POE-based non-gravitational accelerations
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4.1. Results: POE vs ACC

Uncertainty of new den3|ty estimates
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4.2. Results: PCA parameterization
Main PCA: 98.5% variability
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2. ResultsPCA parameterizatiol
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4.2. ResultsPCA parameterizatiol

Data vs Fit
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