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Data Analysis and Fitting

Questions:
@ What does “fitted data” mean?
@ What are the key concepts and techniques we need to fit data?
@ How do we go from voltage samples to N, Te, T;, Vips?
@ How do | work with and interpret IS Radar data products?
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Topics Covered

Data Modeling:
@ Forward Model and Inverse Problems
° <E5(t)Es*(t - 7—)> = f(NE) T67 —ria \/1057 Wt‘r) + S
@ f(Ne, Te, T, Vios) is constructed with IS Radar Theory and

Measurement Ambiguity
o Inverse problem: solving for N, Te, T;, Vjos given the data

Fitting:
@ Least-Squares
@ can be used to solve inverse problems
o ife=(E(t)EX(t — 7)) — f(Ne, Te, Ti, Vios) are Gaussian random
variables
o then, the "best-fit" of p = N, Te, T, Vios minimizes the

“chi-squared”: x2(p) = [y — f(p)]" Z " [y — £(p)]
@ this is equivalent to maximizing the likelihood function
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IS Radar Inverse Problem

Compare measurements and modeled measurements

—
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Errors and Goodness of Fit

Given:
() =ly — (P Ze M Iy — F(p)]
Error Propagation:

o S5 = [JTE1] 7Y, but only valid when
@ e are Gaussian and f(p) is linear, or

@ e are Gaussian and f(p) non-linear, but can be accurately approximated
by a linear model in the region around p

® Y, ¢ is used to construct confidence intervals (error bars)

Goodness of Fit:

@ compute reduced chi-squared: x2 = x?/(m —n+1)
o x2 ~1: a good fit
o X2 << 1: an “over fit"
o x2 >>1: a poor fit
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IS Radar Data Levels

Summary of IS Radar data products:

Level 0 Level 1

Voltages > Lag Product Array
Gated ACF
Inverted ACF
Full Profile

> Power Estimates
t Noise Power
Cal Power

L PLFFTS

Level 2 —— Level 3

— Gradients

—— N, T, Ti,vi T Vvels

— E-region Winds
— Ep, Q

> Pulse-to-Pulse Spectra

—> Ne,0,vi —— 3D vectors

— Ne_NoTr
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