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Challenges of GP-B Data Analysis
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Gyro Rates change continuously Torque Models
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First Floor output — batch-based gyro orientation estimates {$ s » Sew | fitted to piece-wise constant torque
coefficient model (analytic solution of differential equations of motion)
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Precise determination of polhode phase and polhode angle is based on
measurements of polhode period and identification of rotor asymmetry
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Information from SQUID Readout
Signal:

Best Expected Scale Factor Modeling - Trapped Flux Mapping

(work in progress) ‘

Gyro orientation Sy(t) and Sy, (t)

Nonlinear filtering provides one component of the
data analysis strategy to determine the relativistic
precession of GP-B science gyroscopes. The filtering

RED — measured (estimated)
gyro orientation time-history

BLUE —the same after
subtracting estimated effect of
misalignment torque
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Core remaining data analysis issues:

Why “glimpses”

so far? « Full understanding of the physics of classical
1 3
Robust estimation of _ Orque sources
frame-dragging effect - Elimination of polhode effects on the SQUID scale
requires more precise factor (C)

modeling of C; « Systematic error sources identification to

polhode variations continue (most, though not all, instrumentation
and Newtonian issues understood)
torques

Progress requires insight derived
from careful analysis

(work in progress)

hodology is based on: 1) models of the gyroscope
motion, 2) models of the science readout signal, 3)
filtering techniques. A “two-floor” data analysis
process has been developed. The first floor focuses on
modeling of the readout system: gyroscopes’ scale
factor polhode variations, telescope signals, matching
of the gyroscope and telescope scale factors/bias, and
SQUID calibration signal modeling. Nonlinear
parameter estimation is performed for a set of
independent batches that generates state vector and
information matrices for each batch. The second floor
separates the relativistic precession from the torque-
induced motion of the science gyroscopes. Batch-
based estimates from the first-floor filter are treated as
“measurements” of the second floor state vector and
connected through the torque model and other
constraints. Estimates of relativistic precession and its
covariance are obtained from the “second-floor”
filters. Supporting validation tools such as spectral and
statistical analyses of the filter residuals were
developed to interface with the filter outputs for
multiple sensitivity analyses
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