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What is APAR? APAR Observing Simulator

Airborne  Phased Array Radar (APAR). While the APAR system is being built, a
Operating at C-band frequency, it is designed to| | tool known as the APAR Observing Simulator
provide single and dual-polarization moments and (AOS) was developed by investigators at NSF
dual-Doppler ~ analyses,  enabling  coincident| | NCAR with the intent of operating hypothetical
measurements of winds, microphysics, and particle APAR missions into simulated storms.
information within a whole storm structure. The full A radar emulator ingests simulated source
APAR system will consist of four active electronically weather radar data observations and generates
scanned arrays (AESAs) mounted on the NSF NCAR | | g pseudo-real-time, multi-channel digital, radar
C-130. To accomplish community science objectives, time-series |IQ data stream, which is powered

APAR is designed to have flexible scanning| | by a heterogeneous structure HPC to process
capabilities. As the scanning ability in elevation and beam scheduling and data-loading flow to
azimuth, APAR will provide a Range Height Indicator generate 1Q data accordingly. The emulating
(RHI) from all four panels to make up a full 3-D | | weather data are generated in series by an
volume. Due to the agile scanning capabilities, APAR | | electromagnetic backscattering simulation of
will provide a 3-D volume in a short time period.[1] weather models.

Below: The cells are presented in circles with the size
associated with the reflectivity (Z;;,) generated by the high-
fidelity weather model simulator. The color bar indicates the
average radial velocity (V,.4is) Of the weather cells related
to the radar Zhh (Reflectivity) vs. radial vel in color
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A hybrid analog-digital beamforming (ADBF) architecture of active electronic scanning array (AESA)
provides a balance between increasing degrees of freedom in digital beamforming (DBF) strategy design
and also achieves the desirable receiver sensitivity. ADBF mitigates the complexity of the hardware
structure compared to the full DBF structures by retaining the partial advantage of the analog beamforming
gain.[2]

An illustration of antenna configuration vs. weather-emulated echo in a specific range. An ADBF
AESA architecture was designed in APAR that provides 56 row-wise analog feed networks. It allows a 20°
fan beam in elevation to the sharpest 2.2° pencil beam with DBF capability in elevation and steerable in
azimuth to process select high-impact weather cases by an advanced super-resolution Direction of arrival
(DOA) estimation and space-time adaptive process (STAP).

Experiment Design and Description

The emulating weather data are generated in fixed time-step
granularity, which contains the temporal-varying response of
weather models in range, velocity, angle, and amplitude with
polarimetric diversity coordinated to the observative radar site.

In radar signal processing (RSP) simulation, however, the
data-reception period is varied based on the system configuration
in pulse repetitive interval (PRI), scanning rate (SR), and numbers
and angles of beamforming, which are assigned to the waveform

configurations.

To access these emulated datasets efficiently in RSP, an
efficient discrete-event simulation (DES) framework is introduced
to associate the physics-based precalculated weather-model
responses with the radar-processing event without rerunning the
emulator to resolve the computational complexity and retain the

fidelity of the echo data in RSP.

The modified random normal variable ¥ based on the V, 4,

(v), spectrum width (o) is defined as: 7(x) =
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Normalized the probability of density function (PDF) by Z,,
with the 5 sample PDFs (bottom left) of Z,, in linear scale to
present the stochastic distribution of the hydrometeor cell. The
summation of the five Z,, equals to Z,, from the hydrometeor cell
without introducing scaling offsets (bottom right).
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The complex form of the cell with one(top)/five(bottom) fds
calculated by ¥ are derived and resolvable in the spectrum:
S=27,, *exp(i * 2w * fd*At + @), where At = nPulse*PRI, [3]
¢ € U(0,2r) to represent the random initial phase of detection.[4]
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The complex signals of two cells are set PRF = 1 kHz, nPulse = 50
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Above: The left plot illustrates the beamforming principles of the uniform linear array (ULA) by
determining the phase difference between each element caused by the DOA of the object. The
center plot shows examples of 1D 56-channel ULA with two directions at 20°and -30°. The right
plot demonstrates the two hydrometeor signals extended to 56 channels with phase difference
associated with the spatial path difference. The DOAs of the signals were resolved with the
amplitude associated with the reflectivity of hydrometeor.

2D ULA beamforming with 56 channels

Below: The 2D ULA directional coefficients were shown in the left plot with APAR configurations.
The center and right plots showed the two cells were resolved with their designated directions
amplitudes associated with the hydrometeors.
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Right: The example shows the | -

5° difference in azimuth. The| |
stronger echo dominated the| =«
beamforming response under | &=

configuration. Super-resolution | -
DOA algorithms are introduced | -

angular resolution. s

Right: A DBF-based STAP denoise
example is shown. With the DFs in
spatial and time domains, efficient
space, time, and waveform denoise
processes [5,6] can be introduced
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the simulator.

undiscernible objects with| «

current antenna | £

APAR RSP to improve| -

2D Beamforming Pattern. s1 is at: [-10, 20], s2 is at: [-15, 20]
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