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Problem
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CLI Tool

$ pyivsgen simulate [CONFIG FILE]

Observation Setup

pyvisgen.simulation.Observation

Visibility Simulation

pyvisgen.simulation.vis_loop

pyvisgen.simulation.scan.rime

Data Writer

pyvisgen.io.datawriters

Dataset

HDF5, WebDataset, PT files, FITS

Configurations

Main Config (toml)

Layout Config (txt)

Input Data

(from radiosim)

Gridding Plugin

(Default: pyvisgrid)

CLI tool loads main configuration file

Pydantic-based configuration system

Configuration passed to Observation class
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Observation Setup

pyvisgen.simulation.Observation

Visibility Simulation

pyvisgen.simulation.vis_loop

pyvisgen.simulation.scan.rime

Data Writer

pyvisgen.io.datawriters

Dataset

HDF5, WebDataset, PT files, FITS

Configurations

Main Config (toml)

Layout Config (txt)

Input Data

(from radiosim)

Gridding Plugin

(Default: pyvisgrid)

Observation parameters

Array configuration

Output: Valid baselines dataclass object
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$ pyivsgen simulate [CONFIG FILE]
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pyvisgen.simulation.vis_loop

pyvisgen.simulation.scan.rime

Data Writer

pyvisgen.io.datawriters

Dataset

HDF5, WebDataset, PT files, FITS

Configurations

Main Config (toml)

Layout Config (txt)

Input Data

(from radiosim)

Gridding Plugin

(Default: pyvisgrid)

Compute complex visibilities for baselines

Based on RIME

Simulates direction dependend and
independend effects

Adds noise simulation

Output: Visibility dataclass object
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Radio Inteferometer Measurement Equation (RIME)

V𝑝𝑞(𝑙,𝑚) = ∑
𝑠
E𝑠𝑝(𝑙,𝑚) K𝑠𝑝(𝑙,𝑚) B𝑠(𝑙,𝑚) K𝐻𝑠𝑞(𝑙,𝑚) E𝐻𝑠𝑞(𝑙,𝑚)

Source Distribution:

B(𝑙,𝑚)

Phase Delay:

K(𝑙,𝑚) = exp (−2πi (𝑢𝑝𝑙 + 𝑣𝑝𝑚 + 𝑤𝑝(𝑛 − 1)))

Antenna Beam:

E(𝑙,𝑚) = jinc ( 2π
𝜆obs

𝑑 ⋅ 𝜃𝑙𝑚)

jinc (𝑥) =
J1 (𝑥)
𝑥
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Visibility Simulation
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Dataset

HDF5, WebDataset, PT files, FITS
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Main Config (toml)

Layout Config (txt)

Input Data
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Gridding Plugin

(Default: pyvisgrid)

Compute complex visibilities for baselines

Based on RIME

Simulates direction dependend and
independend effects

Adds noise simulation
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Observation Setup

pyvisgen.simulation.Observation

Visibility Simulation

pyvisgen.simulation.vis_loop

pyvisgen.simulation.scan.rime

Data Writer

pyvisgen.io.datawriters

Dataset

HDF5, WebDataset, PT files, FITS

Configurations

Main Config (toml)

Layout Config (txt)

Input Data

(from radiosim)

Gridding Plugin

(Default: pyvisgrid)

Format conversion

Metadata

Dataset storage
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CLI Tool

$ pyivsgen simulate [CONFIG FILE]

Observation Setup

pyvisgen.simulation.Observation

Visibility Simulation

pyvisgen.simulation.vis_loop

pyvisgen.simulation.scan.rime

Data Writer

pyvisgen.io.datawriters

Dataset

HDF5, WebDataset, PT files, FITS

Configurations

Main Config (toml)

Layout Config (txt)

Input Data

(from radiosim)

Gridding Plugin

(Default: pyvisgrid)

Gridding converts non-uniformly sampled data
into a regular grid for FFT

Plugin support for user-written gridders

Default gridder: pyvisgrid.core.Gridder
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Recent Additions to pyvisgen
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Polarization

B+ = (
𝑉𝑋𝑋∗ 𝑉𝑋𝑌∗

𝑉𝑌𝑋∗ 𝑉𝑌𝑌∗
) = (

𝐼 + 𝑄 𝑈 + i𝑉

𝑈 − i𝑉 𝐼 − 𝑄
)

B⊙ = (
𝑉𝑅𝑅∗ 𝑉𝑅𝐿∗

𝑉𝐿𝑅∗ 𝑉𝐿𝐿∗
) = (

𝐼 + 𝑉 𝑄 + i𝑈

𝑄 − i𝑈 𝐼 − 𝑉
)

Output
𝑋1𝑋

∗
2

𝑅1𝑅
∗
2

𝑋1𝑌
∗
2

𝑅1𝐿
∗
2

𝑌1𝑋
∗
2

𝐿1𝑅
∗
2

𝑌1𝑌
∗
2

𝐿1𝐿
∗
2

Correlators

Receivers
(𝑋𝑌 or 𝑅𝐿)

𝑋 𝑌
𝑅 𝐿

𝑋 𝑌
𝑅 𝐿

1 2 Antennas
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Parallactic Angle Rotation

Horizon

Zenith
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Further Additions

CUDA only: CUDA implementation of Flatiron Institute Nonuniform Fast Fourier Transform (cuFINUFFT)

Replacement for traditional FFT
Multifold speed increase

Simple carbon emission tracking through CodeCarbon
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Conclusion
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Conclusion

pyvisgen allows us to simulate observations for
any array configuration

Modular architecture based on RIME allows more
effects to be added

(Near) future prospects: Add calibration, add
ionosphere effects

Ultimate goal: Clean real data with radionets
models trained on pyvisgen simulation data

� github.com/radionets-project/pyvisgen PYVISGEN
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