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Typical use:  Detection and tracking of weak moving point-like targets: birds 

and drones.

Limitation:   Fast Scans result in low time on target. 

Challenge:    Doppler processing for extended weather objects.

Step 2: Doppler counter-aliasing [2]

1. Aperiodic (Non-linear, Log-periodic) echo sequence

2. Complex Gaussian Process Regression (CGP-R) to reconstruct the 

signal in the frequency domain
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The Proposed Signal Processing Pipeline:
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Step 1: Proposed Parametric Spectrum Estimator (PSE) [1]

1. Moment estimation with low time on target

2. Ability to use data from multiple scans
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 the more closer to 0, the better.

Almost zero bias with the proposed technique
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Step 3: Estimating Wind and Vertical fall speeds jointly from Doppler 

measurements [3]
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Initial results:  Dynamic Spatial Estimation [Elevation x Doppler] with

Maximum Likelihood [MLE] and Hamiltonian Monte Carlo [HMC]

log 𝑝 𝐙PSD 𝜃 = − 

𝑙=1

𝐿



𝑛=1

𝑁

log 𝜋 𝐅𝑙,𝑛 𝜃 + 𝜎𝑛
2 +

𝐙𝑙,𝑛
PSD

𝐅𝑙,𝑛 𝜃 + 𝜎𝑛
2 

   𝜃
𝑘=1

𝐾(MLE)
= arg max𝜃 log 𝑝 𝐙PSD 𝜃

    𝐙PSD : Doppler Power Spectral Density 

(PSD) measurements  :[ Elevation x 

Doppler velocity ]

𝐅: Expected Doppler Power Spectral 

Density (PSD) model :[ Elevation x 

Doppler velocity ]
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Hamiltonian: 𝐻 𝜃, 𝑝𝜃 = 𝑈 𝜃 + 𝐾(𝑝𝜃), 

Potential Energy: 𝑈 𝜃 = − log 𝑝 𝐙PSD 𝜃 ,

Kinetic Energy: 𝐾 𝑝𝜃 =
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The iterative Markov Chain Monte Carlo 

(MCMC) approach: till the Hamiltonian 

is converged
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