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Range ambiguity as an inverse problem

True ACF in range gate r; at time lag 74
R(r, 7%) = Rik

Range ambiguity function at time t,, time lag 7, and range
gate
W (tn, 11, 7k) = Whik

Lagged product at time t, and time lag 7

2(tn)z" (tn — k) = Mpk

Mok = Y WoiRi + €ni
I



» During a single integration period we get N lagged products
_ T
my = (m1k7 mj, ..., me)

» with errors
-
€k = (€1k,€2k> - - - ENK)

» The corresponding range ambiguity functions can be collected
into a matrix

Wik .. Wik
Wore ... W
W, = ?l _ ?L
Wi ... Wylk

» Similarly, the true lag profile is a vector

Rx = (Ruk, Roks -+ -, Rik) ™



» Now we can write down a set of equations
my = WiR, + &

» When my, Ry and ¢, are treated as normally distributed
random variables, with error covariance < ekf-:[ >= X

-1
R, = (sz;lwk) WHE Im,.

» Simplifying assumptions are needed in order to avoid inverting
the full covariance matrix



Decoding vs. Lag Profile Inversion

» ¥, =0l and WL"Wk is diagonal = matched filter decoding
Simple and fast

W/'W, is diagonal for alternating codes

Long sequences of pulses

Limited possibilities for combined pulse coding

vV vy vy

» ¥, is diagonal = the present version of lag profile inversion

» Compute-intensive
» Enables use of arbitrary modulations
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Applications of lag profile inversion

Re-analysis with (almost) arbitrary resolutions
Analysis of near-perfect modulations, which cannot be decoded
Possibility to exclude arbitrary data points from analysis

Aperiodic modulations (multi-purpose experiments)
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Plasma parameters from a special space debris experiment

» Ramped IPP and phase-coded pulses optimised for
space-debris measurements (Iridium-Cosmos collision)

» Lag profile inversion was used for plasma parameter estimation
from the same data
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Decoded lag profiles
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Lag profile inversion result, with meteor removal
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Aperiodic modulations

» Alternating codes require uniform inter-pulse periods

» Aperiodic transmissions would provide improved coverage in
range and time-lag

» The data analysis is possible with lag profile inversion



Simulated data of EISCAT manda
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Simulated data of an aperiodic modification
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Raw data from a real multi-purpose experiment
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ACF with the multi-purpose experiment




Meteor head echoes in aperiodic modulations
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Links to original publications

https://wiki.oulu.fi/x/MIWj


https://wiki.oulu.fi/x/MIWj
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