

    
      
          
            
  


Simulation of Radio Interferometry from Unique Sources
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Introduction: SiRIUS (Simulation of Radio Interferometry from Unique Sources)

SiRIUS is a component list radio interferometry visibilities simulator in development for the VLA [https://public.nrao.edu/telescopes/vla/], ALMA [https://www.almaobservatory.org/en/home/], and the ngVLA [https://ngvla.nrao.edu/] telescopes. It makes use of modular Common Astronomy Software Applications (CASA [https://casadocs.readthedocs.io/en/stable/]), the CASA Next Generation Infrastructure framework
(CNGI [https://cngi-prototype.readthedocs.io/en/latest/introduction.html]), and dask-ms (dask-ms [https://dask-ms.readthedocs.io/en/latest/]).


Goals


	Create a production-ready simulation package using the CNGI framework that integrates seamlessly into the modular CASA Python environment to demonstrate the framework’s suitability for developing ngCASA.


	Demonstrate performance and scalability by simulating large ngVLA size datasets on a cluster computer.


	Exceed the CASA component list simulator functionality of the simulator tool, simobserve task, and simalma task.


	Validate full Stokes imaging of the mosaic, awproject, and hpg gridders in the CASA task tclean using SiRIUS simulated datasets.







Framework

SiRIUS makes use of a modified version of the functional programming paradigm in the CNGI prototype [https://cngi-prototype.readthedocs.io/en/latest/development.html#Framework] were a directed acyclic graph (DAG) of blocked algorithms composed from functions (the edges) and data (the vertices) for lazy evaluation by a scheduler process coordinating a network of (optionally distributed and heterogeneous) machine resources. SiRIUS expands on the CNGI prototype
framework [https://cngi-prototype.readthedocs.io/en/latest/development.html#Framework] by incorporating dask-ms [https://dask-ms.readthedocs.io/en/latest/] which enables reading and writing CASA tables, via python-casacore [https://github.com/casacore/python-casacore], with an xarray Dataset interface and Dask lazy execution. The addition of dask-ms allows SiRIUS to be compatible with CASA because the visibility data can now be stored in a Measurement
Set [https://casadocs.readthedocs.io/en/latest/notebooks/casa-fundamentals.html#MeasurementSet-v2].

The relationship between the libraries used in SiRIUS can be conceptualized by the following diagram:

[image: im10]

In the framework, data is stored in either the Measurement Set v2 or the Zarr format. The Zarr format allows files to be mounted on a local disk or in the cloud, while the Measurement Set data can only be mounted on a local disk. The Dask scheduler manages N worker processes identified to the central scheduler by their unique network address and coordinating M threads. Each thread applies
functions to a set of data chunks. Xarray wraps Dask functions and labels the Dask arrays for ease of interface. Any code that is wrapped with Python can be parallelized with Dask. Therefore, the option to use C++, Numba, Cupy, or another custom high-performance computing (HPC) code is retained. The CASA Measures tool and Astropy are used for coordinate conversions. Cloud deployment is enbaled using Docker and Kubernetes. User can interface with the SiRIUS using Jupyter notebooks (see the basic
simulation example [https://sirius-sim.readthedocs.io/en/latest/simple_simulation.html]).




Requirements

SiRIUS should work on Mac OS and Linux using Python=3.8.




Installation

Currently, the python-casacore dependency fails to pip install for Mac users, consequently conda install must be used.

conda create -n sirius python=3.8
conda activate sirius
conda install -c conda-forge python-casacore
pip install sirius








Development Installation

conda create -n sirius python=3.8
conda activate sirius
conda install -c conda-forge python-casacore
git clone https://github.com/casangi/sirius.git
cd sirius
pip install -e .








Contact

Questions and feedback can be sent to: jsteeb@nrao.edu

Sirius A and B image by NASA, ESA, H. Bond (STScI), and M. Barstow (University of Leicester).







            

          

      

      

    

  

    
      
          
            
  


API

Under development.



	sirius.simulation
	simulation

	simulation_chunk





	sirius.calc_uvw
	calc_uvw_chunk





	sirius.calc_beam
	calc_zpc_beam

	evaluate_beam_models





	sirius.calc_vis
	calc_vis_chunk





	sirius.calc_a_noise
	calc_a_noise_chunk













            

          

      

      

    

  

    
      
          
            
  


sirius.simulation


	
simulation(point_source_flux, point_source_ra_dec, pointing_ra_dec, phase_center_ra_dec, phase_center_names, beam_parms, beam_models, beam_model_map, uvw_parms, tel_xds, time_xda, chan_xda, pol, noise_parms, save_parms)

	Creates a dask graph that computes a simulated measurement set and triggers a compute and saves the ms to disk.


	Parameters

	
	point_source_flux (float np.array, [n_point_sources,n_time, n_chan, n_pol], (singleton: n_time, n_chan), Janskys) – The flux of the point sources.


	point_source_ra_dec (float np.array, [n_time, n_point_sources, 2], (singleton: n_time), radians) – The position of the point sources.


	pointing_ra_dec (float np.array, [n_time, n_ant, 2], (singleton: n_time, n_ant), radians) – Pointings of antennas, if they are different from the phase center. Set to None if no pointing offsets are required.


	phase_center_ra_dec (float np.array, [n_time, 2], (singleton: n_time), radians) – Phase center of array.


	phase_center_names (str np.array, [n_time], (singleton: n_time)) – Strings that are used to label phase centers.


	beam_parms (dict) – 


	beam_parms['mueller_selection'] (int np.array, default=np.array([ 0, 5, 10, 15])) – The elements in the 4x4 beam Mueller matrix to use. The elements are numbered row wise.
For example [ 0, 5, 10, 15] are the diagonal elements.


	beam_parms['pa_radius'] (float, default=0.2, radians) – The change in parallactic angle that will trigger the calculation of a new beam when using Zernike polynomial aperture models.


	beam_parms['image_size'] (int np.array, default=np.array([1000,1000])) – Size of the beam image generated from the Zernike polynomial coefficients.


	beam_parms['fov_scaling'] (int, default=15) – Used to scale the size of the beam image which is given fov_scaling*(1.22 *c/(dish_diam*frequency)).


	beam_parms['zernike_freq_interp'] (str, default='nearest', options=['linear', 'nearest', 'zero', 'slinear', 'quadratic', 'cubic']) – What interpolation method to use for Zernike polynomial coefficients.


	beam_models (list) – List of beam models to use. Beam models can be any combination of function parameter dictionaries, image xr.Datasets or Zernike polynomial coefficient xr.Datasets.


	beam_model_map (int np.array, [n_ant]) – Each element in beam_model_map is an index into beam_models.


	uvw_parms (dict) – 


	uvw_parms['calc_method'] (str, default='astropy', options=['astropy','casa']) – Astropy coordinates or CASA tool measures can be used to calculate uvw coordinates.


	uvw_parms['auto_corr'] (bool, default=False) – If True autocorrelations are also calculated.


	tel_xds (xr.Dataset) – An xarray dataset of the radio telescope array layout (see zarr files in sirius_data/telescope_layout/data/ for examples).


	time_xda (xr.DataArray) – Time series xarray array.


	chan_xda (xr.DataArray) – Channel frequencies xarray array.


	pol (int np.array) – Must be a subset of [‘RR’,’RL’,’LR’,’LL’] => [5,6,7,8] or [‘XX’,’XY’,’YX’,’YY’] => [9,10,11,12].


	noise_parms (dict) – Set various system parameters from which the thermal (ie, random additive) noise level will be calculated.
See https://casadocs.readthedocs.io/en/stable/api/tt/casatools.simulator.html#casatools.simulator.simulator.setnoise.


	noise_parms['mode'] (str, default='tsys-manuel', options=['simplenoise','tsys-manuel','tsys-atm']) – Currently only ‘tsys-manuel’ is implemented.


	noise_parms['t_atmos'] (, float, default = 250.0, Kelvin) – Temperature of atmosphere (mode=’tsys-manual’)


	noise_parms['tau'] (float, default = 0.1) – Zenith Atmospheric Opacity (if tsys-manual). Currently the effect of Zenith Atmospheric Opacity (Tau) is not included in the noise modeling.


	noise_parms['ant_efficiency'] (float, default=0.8) – Antenna efficiency


	noise_parms['spill_efficiency'] (float, default=0.85) – Forward spillover efficiency.


	noise_parms['corr_efficiency'] (float, default=0.88) – Correlation efficiency.


	noise_parms['t_receiver'] (float, default=50.0, Kelvin) – Receiver temp (ie, all non-atmospheric Tsys contributions).


	noise_parms['t_ground'] (float, default=270.0, Kelvin) – Temperature of ground/spill.


	noise_parms['t_cmb'] (float, default=2.725, Kelvin) – Cosmic microwave background temperature.


	save_parms (dict) – 


	save_parms['mode'] (str, default='dask_ms_and_sim_tool', options=['lazy','zarr','dask_ms_and_sim_tool','zarr_convert_ms','dask_ms','cngi']) – 


	save_parms['DAG_name_vis_uvw_gen'] (str, default=False) – Creates a DAG diagram png, named save_parms[‘DAG_name_write’], of how the visibilities and uvw coordinates are calculated.


	save_parms['DAG_name_write'] (str, default=False) – Creates a DAG diagram png, named save_parms[‘DAG_name_write’], of how the ms is created with name.


	save_parms['ms_name'] (str, default='sirius_sim.ms') – If save_parms[‘mode’]=’zarr’ the name sirius_sim.vis.zarr will be used.






	Returns

	ms_xds



	Return type

	xr.Dataset










	
simulation_chunk(point_source_flux, point_source_ra_dec, pointing_ra_dec, phase_center_ra_dec, beam_parms, beam_models, beam_model_map, uvw_parms, tel_xds, time_chunk, chan_chunk, pol, noise_parms, uvw_precompute=None)

	Simulates uvw coordinates, interferometric visibilities and adds noise. This function does not produce a measurement set.


	Parameters

	
	point_source_flux (float np.array, [n_point_sources,n_time, n_chan, n_pol], (singleton: n_time, n_chan), Janskys) – The flux of the point sources.


	point_source_ra_dec (float np.array, [n_time, n_point_sources, 2], (singleton: n_time), radians) – The position of the point sources.


	pointing_ra_dec (float np.array, [n_time, n_ant, 2], (singleton: n_time, n_ant), radians) – Pointings of antennas, if they are different from the phase center. Set to None if no pointing offsets are required.


	phase_center_ra_dec (float np.array, [n_time, 2], (singleton: n_time), radians) – Phase center of array.


	beam_parms (dict) – 


	beam_parms['mueller_selection'] (int np.array, default=np.array([ 0, 5, 10, 15])) – The elements in the 4x4 beam Mueller matrix to use. The elements are numbered row wise.
For example [ 0, 5, 10, 15] are the diagonal elements.


	beam_parms['pa_radius'] (float, default=0.2, radians) – The change in parallactic angle that will trigger the calculation of a new beam when using Zernike polynomial aperture models.


	beam_parms['image_size'] (int np.array, default=np.array([1000,1000])) – Size of the beam image generated from the Zernike polynomial coefficients.


	beam_parms['fov_scaling'] (int, default=15) – Used to scale the size of the beam image, which is given by fov_scaling*(1.22 *c/(dish_diam*frequency)).


	beam_parms['zernike_freq_interp'] (str, default='nearest', options=['linear', 'nearest', 'zero', 'slinear', 'quadratic', 'cubic']) – What interpolation method to use for Zernike polynomial coefficients.


	beam_models (list) – List of beam models to use. Beam models can be any combination of function parameter dictionaries, image xr.Datasets or Zernike polynomial coefficient xr.Datasets.


	beam_model_map (int np.array, [n_ant]) – Each element in beam_model_map is an index into beam_models.


	uvw_parms (dict) – 


	uvw_parms['calc_method'] (str, default='astropy', options=['astropy','casa']) – Astropy coordinates or CASA tool measures can be used to calculate uvw coordinates.


	uvw_parms['auto_corr'] (bool, default=False) – If True autocorrelations are also calculated.


	tel_xds (xr.Dataset) – An xarray dataset of the radio telescope array layout (see zarr files in sirius_data/telescope_layout/data/ for examples).


	time_chunk (str np.array, [n_time], 'YYYY-MM-DDTHH:MM:SS.SSS') – Time series. Example ‘2019-10-03T19:00:00.000’.


	chan_chunk (float np.array, [n_chan], Hz) – Channel frequencies.


	pol (int np.array) – Must be a subset of [‘RR’,’RL’,’LR’,’LL’] => [5,6,7,8] or [‘XX’,’XY’,’YX’,’YY’] => [9,10,11,12].


	noise_parms (dict) – Set various system parameters from which the thermal (ie, random additive) noise level will be calculated.
See https://casadocs.readthedocs.io/en/stable/api/tt/casatools.simulator.html#casatools.simulator.simulator.setnoise.


	noise_parms['mode'] (str, default='tsys-manuel', options=['simplenoise','tsys-manuel','tsys-atm']) – Currently only ‘tsys-manuel’ is implemented.


	noise_parms['t_atmos'] (, float, default = 250.0, Kelvin) – Temperature of atmosphere (mode=’tsys-manual’)


	noise_parms['tau'] (float, default = 0.1) – Zenith Atmospheric Opacity (if tsys-manual). Currently the effect of Zenith Atmospheric Opacity (Tau) is not included in the noise modeling.


	noise_parms['ant_efficiency'] (float, default=0.8) – Antenna efficiency


	noise_parms['spill_efficiency'] (float, default=0.85) – Forward spillover efficiency.


	noise_parms['corr_efficiency'] (float, default=0.88) – Correlation efficiency.


	noise_parms['t_receiver'] (float, default=50.0, Kelvin) – Receiver temp (ie, all non-atmospheric Tsys contributions).


	noise_parms['t_ground'] (float, default=270.0, Kelvin) – Temperature of ground/spill.


	noise_parms['t_cmb'] (float, default=2.725, Kelvin) – Cosmic microwave background temperature.






	Returns

	
	vis (complex np.array, [n_time,n_baseline,n_chan,n_pol]) – Visibility data.


	uvw (float np.array, [n_time,n_baseline,3]) – Spatial frequency coordinates.


	weight (complex np.array, [n_time,n_baseline,n_pol]) – Data weights.


	sigma (complex np.array, [n_time,n_baseline,n_pol]) – RMS noise of data.


	t_arr (float np.array, [4]) – Timing infromation: calculate uvw, evaluate_beam_models, calculate visibilities, calculate additive noise.


















            

          

      

      

    

  

    
      
          
            
  


sirius.calc_uvw


	
calc_uvw_chunk(tel_xds, time_str, phase_center_ra_dec, uvw_parms, check_parms=True)

	Calculates a chunk of uvw values. This function forms part of a node in a Dask graph.
This function can be used on its own if no parallelism is required.


	Parameters

	
	tel_xds (xr.Dataset) – An xarray dataset of the radio telescope array layout (see zarr files in sirius_data/telescope_layout/data/ for examples).


	time_str (str np.array, [n_time], 'YYYY-MM-DDTHH:MM:SS.SSS') – Time serie. Example ‘2019-10-03T19:00:00.000’.


	phase_center_ra_dec (float np.array, [n_time, 2], (singleton: n_time), radians) – Phase center of array.


	uvw_parms (dict) – 


	uvw_parms['calc_method'] (str, default='astropy', options=['astropy','casa']) – The uvw coordinates can be calculated using the astropy package or the casa measures tool.


	uvw_parms['auto_corr'] (bool, default=False) – If True autocorrelations are also calculated.


	check_parms (bool) – Check input parameters and asign defaults.






	Returns

	
	uvw (float np.array, [n_time,n_baseline,3]) – The uvw coorsdinates in per wavelength units.


	antenna1 (int np.array, [n_baseline]) – The indices of the first antenna in the baseline pairs.


	antenna2 (int np.array, [n_baseline]) – The indices of the second antenna in the baseline pairs.


















            

          

      

      

    

  

    
      
          
            
  


sirius.calc_beam


	
calc_zpc_beam(zpc_xds, parallactic_angles, freq_chan, beam_parms, check_parms=True)

	Calculates an antenna apertures from Zernike polynomial coefficients, and then Fourier transform it to obtain the antenna beam image.
The beam image dimensionality is [pa (paralactic angle), chan (channel), pol (polarization), l (orthographic/synthesis projection of directional cosine), m (orthographic/synthesis projection of directional cosine)].


	Parameters

	
	zpc_xds (xr.Dataset) – A Zernike polynomial coefficient xr.Datasets. Available models can be found in sirius_data/zernike_dish_models/data.


	parallactic_angles (float np.array, [n_pa], radians) – An array of the parallactic angles for which to calculate the antenna beams.


	freq_chan (float np.array, [n_chan], Hz) – Channel frequencies.


	beam_parms (dict) – 


	beam_parms['mueller_selection'] (int np.array, default=np.array([ 0, 5, 10, 15])) – The elements in the 4x4 beam Mueller matrix to use. The elements are numbered row wise.
For example [ 0, 5, 10, 15] are the diagonal elements.


	beam_parms['pa_radius'] (float, default=0.2, radians) – The change in parallactic angle that will trigger the calculation of a new beam when using Zernike polynomial aperture models.


	beam_parms['image_size'] (int np.array, default=np.array([1000,1000])) – This parameter should rarely be modified. Size of the beam image generated from the Zernike polynomial coefficients.


	beam_parms['fov_scaling'] (int, default=1.2) – This parameter should rarely be modified. Used to determine the cell size of the beam image so that it lies within the image that is generated.


	beam_parms['zernike_freq_interp'] (str, default='nearest', options=['linear', 'nearest', 'zero', 'slinear', 'quadratic', 'cubic']) – What interpolation method to use for Zernike polynomial coefficients.


	check_parms (bool) – Check input parameters and asign defaults.






	Returns

	J_xds – An xds that contains the image of the per antenna beam as a function of [pa (paralactic angle), chan (channel), pol (polarization), l (orthographic/synthesis projection of directional cosine), m (orthographic/synthesis projection of directional cosine)]. Should not be confused with the primary beam, which is the beam for a baseline and is equal to the product of two antenna beams.



	Return type

	xr.Dataset










	
evaluate_beam_models(beam_models, time_str, freq_chan, phase_center_ra_dec, site_location, beam_parms, check_parms=True)

	Loops over beam_models and converts each Zernike polynomial coefficient xr.Datasets to an antenna beam image. The beam image dimensionality is [pa (paralactic angle), chan (channel), pol (polarization), l (orthographic/synthesis projection of directional cosine), m (orthographic/synthesis projection of directional cosine)]. The parallactic angles are also calculated for each date-time in time_str at the site_location and with a right ascension declination in phase_center_ra_dec. A subset of parallactic angles are used in the pa coordinate of the beam image, where all pa values are within beam_parms[‘pa_radius’] radians.


	Parameters

	
	beam_models (list) – List of beam models to use. Beam models can be any combination of function parameter dictionaries, image xr.Datasets or Zernike polynomial coefficient xr.Datasets (models can be found in sirius_data/zernike_dish_models/data).


	time_str (str np.array, [n_time], 'YYYY-MM-DDTHH:MM:SS.SSS') – Time series. Example ‘2019-10-03T19:00:00.000’.


	freq_chan (float np.array, [n_chan], Hz) – Channel frequencies.


	phase_center_ra_dec (float np.array, [n_time, 2], (singleton: n_time), radians) – Phase center of array.


	site_location (dict) – A dictionary with the location of telescope. For example [{‘m0’: {‘unit’: ‘m’, ‘value’: -1601185}, ‘m1’: {‘unit’: ‘m’, ‘value’: -5041977}, ‘m2’: {‘unit’: ‘m’, ‘value’: 3554875}, ‘refer’: ‘ITRF’, ‘type’: ‘position’}]. The site location of telescopes can be found in site_pos attribute of the xarray dataset of the radio telescope array layout (see zarr files in sirius_data/telescope_layout/data/).


	parallactic_angles (float np.array, radians) – An array of the parallactic angles for which to calculate the antenna beams.


	freq_chan – Channel frequencies.


	beam_parms (dict) – 


	beam_parms['mueller_selection'] (int np.array, default=np.array([ 0, 5, 10, 15])) – The elements in the 4x4 beam Mueller matrix to use. The elements are numbered row wise.
For example [ 0, 5, 10, 15] are the diagonal elements.


	beam_parms['pa_radius'] (float, default=0.2, radians) – The change in parallactic angle that will trigger the calculation of a new beam when using Zernike polynomial aperture models.


	beam_parms['image_size'] (int np.array, default=np.array([1000,1000])) – Size of the beam image generated from the Zernike polynomial coefficients.


	beam_parms['fov_scaling'] (int, default=1.2) – This parameter should rarely be modified. Used to determine the cell size of the beam image so that it lies within the image that is generated.


	beam_parms['zernike_freq_interp'] (str, default='nearest', options=['linear', 'nearest', 'zero', 'slinear', 'quadratic', 'cubic']) – What interpolation method to use for Zernike polynomial coefficients.






	Returns

	J_xds – An xds that contains the image of the per antenna beam as a function of [pa (paralactic angle), chan (channel), pol (polarization), l (orthographic/synthesis projection of directional cosine), m (orthographic/synthesis projection of directional cosine)]. Should not be confused with the primary beam, which is the beam for a baseline and is equal to the product of two antenna beams.



	Return type

	xr.Dataset













            

          

      

      

    

  

    
      
          
            
  


sirius.calc_vis


	
calc_vis_chunk(uvw, vis_data_shape, point_source_flux, point_source_ra_dec, pointing_ra_dec, phase_center_ra_dec, antenna1, antenna2, chan_chunk, beam_model_map, beam_models, parallactic_angle, pol, mueller_selection, check_parms=True)

	Simulate interferometric visibilities.


	Parameters

	
	uvw (float np.array, [n_time,n_baseline,3], meter) – Spatial frequency coordinates.


	vis_data_shape (float np.array, [4]) – Dimensions of visibility data [n_time, n_baseline, n_chan, n_pol]


	point_source_flux (float np.array, [n_point_sources,n_time, n_chan, n_pol], (singleton: n_time, n_chan), Janskys) – The flux of the point sources.


	point_source_ra_dec (float np.array, [n_time, n_point_sources, 2], (singleton: n_time), radians) – The position of the point sources.


	pointing_ra_dec (float np.array, [n_time, n_ant, 2], (singleton: n_time, n_ant), radians) – Pointings of antennas, if they are different from the phase center. Set to None if no pointing offsets are required.


	phase_center_ra_dec (float np.array, [n_time, 2], (singleton: n_time), radians) – Phase center of array.


	antenna1 (np.array of int, [n_baseline]) – The indices of the first antenna in the baseline pairs. The _calc_baseline_indx_pair function in sirius._sirius_utils._array_utils can be used to calculate these values.


	antenna2 (np.array of int, [n_baseline]) – The indices of the second antenna in the baseline pairs. The _calc_baseline_indx_pair function in sirius._sirius_utils._array_utils can be used to calculate these values.


	chan_chunk (float np.array, [n_chan], Hz) – Channel frequencies.


	beam_model_map (int np.array, [n_ant]) – Each element in beam_model_map is an index into beam_models.


	beam_models (list) – List of beam models to use. Beam models can be any combination of function parameter dictionaries or image xr.Datasets. Any Zernike polynomial coefficient xr.Datasets models must be converted to images using sirius.calc_beam.evaluate_beam_models.


	parallactic_angle (float np.array, [n_time], radians) – Parallactic angle over time at the array center.


	pol (int np.array) – Must be a subset of [‘RR’,’RL’,’LR’,’LL’] => [5,6,7,8] or [‘XX’,’XY’,’YX’,’YY’] => [9,10,11,12].


	mueller_selection (int np.array) – The elements in the 4x4 beam Mueller matrix to use. The elements are numbered row wise.
For example [ 0, 5, 10, 15] are the diagonal elements.


	check_parms (bool) – Check input parameters and asign defaults.






	Returns

	vis – Visibility data.



	Return type

	complex np.array, [n_time,n_baseline,n_chan,n_pol]













            

          

      

      

    

  

    
      
          
            
  


sirius.calc_a_noise


	
calc_a_noise_chunk(vis_shape, uvw, beam_model_map, beam_models, antenna1, antenna2, noise_parms, check_parms=True)

	Add noise to visibilities.


	Parameters

	
	vis_data_shape (float np.array, [4]) – Dimensions of visibility data [n_time, n_baseline, n_chan, n_pol].


	uvw (float np.array, [n_time,n_baseline,3]) – Spatial frequency coordinates. Can be None if no autocorrelations are present.


	beam_model_map (int np.array, [n_ant]) – Each element in beam_model_map is an index into beam_models.


	beam_models (list) – List of beam models to use. Beam models can be any combination of function parameter dictionaries, image xr.Datasets or Zernike polynomial coefficient xr.Datasets.


	antenna1 (np.array of int, [n_baseline]) – The indices of the first antenna in the baseline pairs. The _calc_baseline_indx_pair function in sirius._sirius_utils._array_utils can be used to calculate these values.


	antenna2 (np.array of int, [n_baseline]) – The indices of the second antenna in the baseline pairs. The _calc_baseline_indx_pair function in sirius._sirius_utils._array_utils can be used to calculate these values.


	noise_parms (dict) – Set various system parameters from which the thermal (ie, random additive) noise level will be calculated.
See https://casadocs.readthedocs.io/en/stable/api/tt/casatools.simulator.html#casatools.simulator.simulator.setnoise.


	noise_parms['mode'] (str, default='tsys-manual', options=['simplenoise','tsys-manual','tsys-atm']) – Currently only ‘tsys-manual’ is implemented.


	noise_parms['t_atmos'] (, float, default = 250.0, Kelvin) – Temperature of atmosphere (mode=’tsys-manual’)


	noise_parms['tau'] (float, default = 0.1) – Zenith Atmospheric Opacity (if tsys-manual). Currently the effect of Zenith Atmospheric Opacity (Tau) is not included in the noise modeling.


	noise_parms['ant_efficiency'] (float, default=0.8) – Antenna efficiency.


	noise_parms['spill_efficiency'] (float, default=0.85) – Forward spillover efficiency.


	noise_parms['corr_efficiency'] (float, default=0.88) – Correlation efficiency.


	noise_parms['t_receiver'] (float, default=50.0, Kelvin) – Receiver temp (ie, all non-atmospheric Tsys contributions).


	noise_parms['t_ground'] (float, default=270.0, Kelvin) – Temperature of ground/spill.


	noise_parms['t_cmb'] (float, default=2.725, Kelvin) – Cosmic microwave background temperature.


	noise_parms['auto_corr'] (bool, default=False) – If True autocorrelations are also calculated.


	noise_parms['freq_resolution'] (float, Hz) – Width of a single channel.


	noise_parms['time_delta'] (float, s) – Integration time.


	check_parms (bool) – Check input parameters and asign defaults.






	Returns

	
	noise (complex np.array,  [n_time, n_baseline, n_chan, n_pol])


	weight (float np.array,  [n_time, n_baseline, n_pol])


	sigma (float np.array,  [n_time, n_baseline, n_pol])


















            

          

      

      

    

  

    
      
          
            
  


Development


[3]:






import os
try:
    import sirius
    print('SiRIUS version',sirius.__version__,'already installed.')
except ImportError as e:
    print(e)
    print('Installing SiRIUS')
    os.system("pip install sirius")
    import sirius
    print('SiRIUS version',sirius.__version__,' installed.')













SiRIUS version 0.0.19 already installed.
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import pkg_resources
import xarray as xr
import numpy as np
from astropy.coordinates import SkyCoord
xr.set_options(display_style="html")
import os
try:
    from google.colab import output
    output.enable_custom_widget_manager()
    IN_COLAB = True
except:
    IN_COLAB = False
%matplotlib widget








Organization




Architecture




Data Structures


tel.zarr
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########## Telescope layout ##########
tel_dir = pkg_resources.resource_filename('sirius_data', 'telescope_layout/data/vla.d.tel.zarr')
tel_xds = xr.open_zarr(tel_dir,consolidated=False)
tel_xds
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<xarray.Dataset>
Dimensions:        (ant_name: 27, pos_coord: 3)
Coordinates:
  * ant_name       (ant_name) <U3 'W01' 'W02' 'W03' 'W04' ... 'N07' 'N08' 'N09'
  * pos_coord      (pos_coord) int64 0 1 2
Data variables:
    ANT_POS        (ant_name, pos_coord) float64 dask.array<chunksize=(27, 3), meta=np.ndarray>
    DISH_DIAMETER  (ant_name) float64 dask.array<chunksize=(27,), meta=np.ndarray>
Attributes:
    site_pos:        [{'m0': {'unit': 'm', 'value': -1601185.3650000016}, 'm1...
    telescope_name:  VLA
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Modeling Antennas

Under Development

Too see plots run in google colab: https://colab.research.google.com/github/casangi/sirius/blob/main/docs/antenna_beams.ipynb


Load Packages
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import os
try:
    import sirius
    print('SiRIUS version',sirius.__version__,'already installed.')
except ImportError as e:
    print(e)
    print('Installing SiRIUS')
    os.system("pip install sirius")
    import sirius
    print('SiRIUS version',sirius.__version__,' installed.')

import pkg_resources
import xarray as xr
import numpy as np
from ipywidgets import interactive, fixed
from sirius.display_tools import display_J, display_M
from sirius.calc_beam import make_mueler_mat

from astropy.coordinates import SkyCoord
xr.set_options(display_style="html")
import os
try:
    from google.colab import output
    output.enable_custom_widget_manager()
    IN_COLAB = True
except:
    IN_COLAB = False
%matplotlib widget
#%matplotlib inline













SiRIUS version 0.0.22 already installed.









Voltage Pattern and Primary Beam

The Voltage Pattern (VP) is the image plane response of a single antenna and the Primary Beam (PB) is the image plane response of pair of antennas (baselines) and is given by:


\[PB = VP \odot VP^*\]

where \(^*\) is the complex conjugate and \(\odot\) is the Hadamard product (element wise product).

\(^T\) transpose. \(^H\) Hermitian or complex conjugate transpose.

Aperture illumination function (AIP)


[2]:






from sirius.calc_beam import calc_beam, calc_zpc_beam
import numpy as np
from sirius_data.beam_1d_func_models.airy_disk import aca, alma, vla
print(vla)

#freq_chan = np.array([60*10**9,90*10**9,100*10**9,120*10**9])
freq_chan = np.array([90*10**9])
#freq_chan = np.array([3.052*10**9])
beam_parms = {}
J_xds = calc_beam(alma,freq_chan,beam_parms,check_parms=True)
#J_xds = calc_beam(vla,freq_chan,beam_parms,check_parms=True)
J_xds













{'func': 'casa_airy', 'dish_diam': 24.5, 'blockage_diam': 0.0, 'max_rad_1GHz': 0.014946999714079439}
Setting default fov_scaling  to  4.0
Setting default mueller_selection  to  [ 0  5 10 15]
Setting default zernike_freq_interp  to  nearest
Setting default pa_radius  to  0.2
Setting default image_size  to  [1000 1000]
[1000 1000] [-1.38385217e-06  1.38385217e-06] 4.0 0.03113667385557884
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<xarray.Dataset>
Dimensions:  (chan: 1, pa: 1, pol: 1, l: 1000, m: 1000)
Coordinates:
  * chan     (chan) int64 90000000000
  * pa       (pa) int64 0
  * pol      (pol) int64 0
  * l        (l) float64 0.0006919 0.0006905 0.0006892 ... -0.0006892 -0.0006905
  * m        (m) float64 -0.0006919 -0.0006905 ... 0.0006892 0.0006905
Data variables:
    J        (pa, chan, pol, l, m) float64 0.01527 0.01577 ... 0.0168 0.0163
xarray.Dataset
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[image: Open In Colab] [https://colab.research.google.com/github/casangi/sirius/blob/main/docs/simple_simulation.ipynb]


Basic Simulation
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import os
try:
    import sirius
    print('SiRIUS version',sirius.__version__,'already installed.')
except ImportError as e:
    print(e)
    print('Installing SiRIUS')
    os.system("pip install sirius")
    import sirius
    print('SiRIUS version',sirius.__version__,' installed.')













SiRIUS version 0.0.28 already installed.







Load Packages


[2]:






import pkg_resources
import xarray as xr
import numpy as np
from astropy.coordinates import SkyCoord
xr.set_options(display_style="html")
import os
try:
    from google.colab import output
    output.enable_custom_widget_manager()
    IN_COLAB = True
    %matplotlib widget
except:
    IN_COLAB = False
    %matplotlib inline










Load Telescope Layout
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########## Get telescope layout ##########
tel_dir = pkg_resources.resource_filename('sirius_data', 'telescope_layout/data/vla.d.tel.zarr')
tel_xds = xr.open_zarr(tel_dir,consolidated=False)
n_ant = tel_xds.dims['ant_name']
#tel_xds.attrs['telescope_name'] = 'EVLA'
tel_xds
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<xarray.Dataset>
Dimensions:        (ant_name: 27, pos_coord: 3)
Coordinates:
  * ant_name       (ant_name) <U3 'W01' 'W02' 'W03' 'W04' ... 'N07' 'N08' 'N09'
  * pos_coord      (pos_coord) int64 0 1 2
Data variables:
    ANT_POS        (ant_name, pos_coord) float64 dask.array<chunksize=(27, 3), meta=np.ndarray>
    DISH_DIAMETER  (ant_name) float64 dask.array<chunksize=(27,), meta=np.ndarray>
Attributes:
    site_pos:        [{'m0': {'unit': 'm', 'value': -1601185.3650000016}, 'm1...
    telescope_name:  VLA
xarray.Dataset

	
  
    
    
    Heterogeneous Array Mosaic Simulations and Imaging
    

    

    

    
 
  

    
      
          
            
  

[image: Open In Colab] [https://colab.research.google.com/github/casangi/sirius/blob/main/docs/heterogeneous_array_mosaic_simulations.ipynb]


Heterogeneous Array Mosaic Simulations and Imaging
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import os
try:
    import sirius
    print('SiRIUS version',sirius.__version__,'already installed.')
except ImportError as e:
    print(e)
    print('Installing SiRIUS')
    os.system("pip install sirius")
    import sirius
    print('SiRIUS version',sirius.__version__,' installed.')













SiRIUS version 0.0.21 already installed.
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import pkg_resources
import xarray as xr
import numpy as np
from astropy.coordinates import SkyCoord
xr.set_options(display_style="html")
import os
try:
    from google.colab import output
    output.enable_custom_widget_manager()
    IN_COLAB = True
    %matplotlib widget
except:
    IN_COLAB = False
    %matplotlib inline

#working_dir = '/lustre/cv/users/jsteeb/simulation/'
working_dir = ''








Telescope Layout
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########## Get telescope layout ##########
tel_dir = pkg_resources.resource_filename('sirius_data', 'telescope_layout/data/alma.all.tel.zarr')
tel_xds = xr.open_zarr(tel_dir,consolidated=False).sel(ant_name = ['N601','N606','J505','J510', 'A001', 'A012','A025', 'A033','A045', 'A051','A065', 'A078'])
n_ant = tel_xds.dims['ant_name']
tel_xds
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<xarray.Dataset>
Dimensions:        (ant_name: 12, pos_coord: 3)
Coordinates:
  * ant_name       (ant_name) <U7 'N601' 'N606' 'J505' ... 'A051' 'A065' 'A078'
  * pos_coord      (pos_coord) int64 0 1 2
Data variables:
    ANT_POS        (ant_name, pos_coord) float64 dask.array<chunksize=(12, 3), meta=np.ndarray>
    DISH_DIAMETER  (ant_name) float64 dask.array<chunksize=(12,), meta=np.ndarray>
Attributes:
    site_pos:        [{'m0': {'unit': 'm', 'value': 2225142.180268967}, 'm1':...
    telescope_name:  ALMA
xarray.Dataset
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[image: Open In Colab] [https://colab.research.google.com/github/casangi/sirius/blob/main/docs/alma_single_field.ipynb]


Single Field ALMA Simulation

ALMA simulation setup: - Single field (phase center: ra=19h59m28.5s,dec=-40d44m51.5s) - Single point source (1 Jy, ra=19h59m28.5s,dec=-40d44m51.5s) - Frequencies - Time (180 time samples)


Install SiRIUS and Import Packages
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import os
try:
    import sirius
    print('SiRIUS version',sirius.__version__,'already installed.')
except ImportError as e:
    print(e)
    print('Installing SiRIUS')
    os.system("pip install sirius")
    import sirius
    print('SiRIUS version',sirius.__version__,' installed.')













SiRIUS version 0.0.28 already installed.
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import pkg_resources
import xarray as xr
import numpy as np
from sirius_data import _constants as cnt
from astropy import units as u
from astropy.coordinates import SkyCoord
from sirius.dio import make_time_xda, make_chan_xda
from sirius_data.beam_1d_func_models.airy_disk import aca, alma
from sirius._sirius_utils._coord_transforms import _sin_pixel_to_celestial_coord
from sirius.display_tools import display_image
from casatasks import tclean

xr.set_options(display_style="html")
import os
try:
    from google.colab import output
    output.enable_custom_widget_manager()
    IN_COLAB = True
    %matplotlib widget
except:
    IN_COLAB = False
    %matplotlib inline

# If using uvw_parms['calc_method'] = 'casa' .casarc must have directory of casadata.
import pkg_resources
casa_data_dir = pkg_resources.resource_filename('casadata', '__data__')
rc_file = open(os.path.expanduser("~/.casarc"), "a+")  # append mode
rc_file.write("\n measures.directory: " + casa_data_dir)
rc_file.close()

alma['func'] = 'airy'
alma['dish_diam'] = 10.0
print(alma)

print('complete')













{'func': 'airy', 'dish_diam': 10.0, 'blockage_diam': 0.75, 'max_rad_1GHz': 0.03113667385557884}
complete









Setup Simulation
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# Image Parameters
#working_dir = '/lustre/cv/users/jsteeb/simulation/'
working_dir = ''
image_size = np.array([1024,1024])
#cell_size = np.array([-0.3,0.3])
cell_size = np.array([-0.15,0.15])
cell = np.array([str(-cell_size[0]) + 'arcsec',str(cell_size[1]) + 'arcsec']) #Used in tclean command
cell_size = cell_size*cnt.arcsec_to_rad

# Get telescope layout
tel_dir = pkg_resources.resource_filename('sirius_data', 'telescope_layout/data/alma.all.tel.zarr')
tel_xds = xr.open_zarr(tel_dir,consolidated=False)
dish_diameter = 12.0
tel_xds = tel_xds.where(tel_xds.DISH_DIAMETER == dish_diameter,drop=True) #Only select 12m dishes

# Time and Frequency Axis
time_xda = make_time_xda(time_start='2020-10-03T18:57:28.95',time_delta=2000,n_samples=180,n_chunks=1)
chan_xda = make_chan_xda(spw_name = 'Band3',freq_start = 90*10**9, freq_delta = 2*10**9, freq_resolution=1*10**6, n_channels=5, n_chunks=1)

# Beam model
beam_models = [alma]
beam_model_map = tel_xds.DISH_DIAMETER.values
beam_model_map[beam_model_map == dish_diameter] = 0
beam_model_map= beam_model_map.astype(int) # beam_model_map maps the antenna index to a model in beam_models.
beam_parms = {} #Use default beam parms.

# Polarizations
pol = [9,12] # ['RR','RL','LR','LL'] => [5,6,7,8], ['XX','XY','YX','YY'] => [9,10,11,12]

# UVW parameters
uvw_parms = {} # use defaults

# Setup Field
phase_center_skycoord = SkyCoord(ra='19h59m28.5s',dec='-40d44m51.5s',frame='fk5')
phase_center_ra_dec = np.array([phase_center_skycoord.ra.rad,phase_center_skycoord.dec.rad])[None,:] #[n_time, 2] (singleton: n_time)
phase_center_names = np.array(['field1']) #[n_time] (singleton: n_time)

# Setup Point Source
pixel = np.array([512,612])[None,:] # The source will be positioned at the center of a pixel.
point_source_ra_dec = _sin_pixel_to_celestial_coord(phase_center_ra_dec[0,:],image_size,cell_size,pixel)[None,:,:] #[n_time, n_point_sources, 2] (singleton: n_time)
point_source_skycoord = SkyCoord(ra=point_source_ra_dec[0,0,0]*u.rad,dec=point_source_ra_dec[0,0,1]*u.rad,frame='fk5')
print('The position of the source is ', point_source_skycoord.ra.hms,point_source_skycoord.dec.dms)
point_source_flux = np.array([1.0, 0, 0, 1.0])[None,None,None,:]  #[n_point_sources, n_time, n_chan, n_pol] (singleton: n_time, n_chan)

# Pointing Offsets
pointing_ra_dec = None #No pointing offsets

# Noise parameters
noise_parms = None















Number of chunks  1
Number of chunks  1
The position of the source is  hms_tuple(h=19.0, m=59.0, s=28.50000000000307) dms_tuple(d=-40.0, m=-44.0, s=-36.49999998675412)









Run Simulation
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from sirius import simulation
save_parms = {'ms_name':working_dir+'alma_sim.ms','write_to_ms':True}
vis_xds = simulation(point_source_flux,
                     point_source_ra_dec,
                     pointing_ra_dec,
                     phase_center_ra_dec,
                     phase_center_names,
                     beam_parms,beam_models,
                     beam_model_map,uvw_parms,
                     tel_xds, time_xda, chan_xda, pol, noise_parms, save_parms)
vis_xds













Setting default calc_method  to  astropy
Setting default auto_corr  to  False
Setting default fov_scaling  to  4.0
Setting default mueller_selection  to  [ 0  5 10 15]
Setting default zernike_freq_interp  to  nearest
Setting default pa_radius  to  0.2
Setting default image_size  to  [1000 1000]
Setting default mode  to  dask_ms_and_sim_tool
Setting default DAG_name_vis_uvw_gen  to  False
Setting default DAG_name_write  to  False
180 15225 5 2
<xarray.Dataset>
Dimensions:  (time: 180, pol: 2, chan: 5, baseline: 15225, uvw: 3,
              time_chunk: 1, chan_chunk: 1, 4: 4)
Coordinates:
  * time     (time) <U23 '2020-10-03T18:57:28.950' ... '2020-10-07T22:24:08.950'
  * pol      (pol) int64 9 12
  * chan     (chan) float64 9e+10 9.2e+10 9.4e+10 9.6e+10 9.8e+10
Dimensions without coordinates: baseline, uvw, time_chunk, chan_chunk, 4
Data variables:
    DATA     (time, baseline, chan, pol) complex128 dask.array<chunksize=(180, 15225, 5, 2), meta=np.ndarray>
    UVW      (time, baseline, uvw) complex128 dask.array<chunksize=(180, 15225, 3), meta=np.ndarray>
    WEIGHT   (time, baseline, pol) float64 dask.array<chunksize=(180, 15225, 2), meta=np.ndarray>
    SIGMA    (time, baseline, pol) float64 dask.array<chunksize=(180, 15225, 2), meta=np.ndarray>
    TIMING   (time_chunk, chan_chunk, 4) float64 dask.array<chunksize=(1, 1, 4), meta=np.ndarray>
Meta data creation  25.977193355560303
reshape time  0.0007262229919433594
*** Dask compute time 13.41493558883667







[4]:





















<xarray.Dataset>
Dimensions:           (polarization_ids: 1, spw_ids: 1)
Coordinates:
  * polarization_ids  (polarization_ids) int64 0
  * spw_ids           (spw_ids) int64 0
Data variables:
    *empty*
Attributes:
    xds0:              <xarray.Dataset>\nDimensions:         (row: 2740500, u...
    SPECTRAL_WINDOW:   <xarray.Dataset>\nDimensions:          (row: 1, d1: 5)...
    POLARIZATION:      <xarray.Dataset>\nDimensions:       (row: 1, d1: 2, d2...
    DATA_DESCRIPTION:  <xarray.Dataset>\nDimensions:             (row: 1)\nCo...
xarray.Dataset
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About this Project

Under development.
Questions and feedback can be sent to: jsteeb@nrao.edu
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        	module


      


      	
    sirius._sirius_utils

      
        	module


      


      	
    sirius._sirius_utils._array_utils

      
        	module


      


      	
    sirius._sirius_utils._beam_funcs

      
        	module


      


      	
    sirius._sirius_utils._beam_utils

      
        	module


      


      	
    sirius._sirius_utils._calc_parallactic_angles

      
        	module


      


      	
    sirius._sirius_utils._cngi_io

      
        	module


      


  

  	
      	
    sirius._sirius_utils._coord_transforms

      
        	module


      


      	
    sirius._sirius_utils._developer_utils

      
        	module


      


      	
    sirius._sirius_utils._math_utils

      
        	module


      


      	
    sirius._sirius_utils._uvw_utils

      
        	module


      


      	
    sirius._sirius_utils._zernike_polynomials

      
        	module


      


      	
    sirius._version

      
        	module


      


      	
    sirius.calc_a_noise

      
        	module


      


      	
    sirius.calc_beam

      
        	module


      


      	
    sirius.calc_uvw

      
        	module


      


      	
    sirius.calc_vis

      
        	module


      


      	
    sirius.dio

      
        	module


      


      	
    sirius.display_tools

      
        	module


      


      	
    sirius.simulation

      
        	module


      


  





V


  	
      	visplot() (in module sirius._sirius_utils._cngi_io)


  





W


  	
      	write_generic_table() (in module sirius._sirius_utils._cngi_io)


      	write_image() (in module sirius._sirius_utils._cngi_io)


      	write_image_slice() (in module sirius._sirius_utils._cngi_io)


      	write_main_table_slice() (in module sirius._sirius_utils._cngi_io)


  

  	
      	write_ms() (in module sirius._sirius_utils._cngi_io)


      	write_to_ms_daskms() (in module sirius.dio)


      	write_to_ms_daskms_and_sim_tool() (in module sirius.dio)


      	write_zarr() (in module sirius.dio)


  





X


  	
      	x_plot() (in module sirius.display_tools)
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[image: Open In Colab] [https://colab.research.google.com/github/casangi/sirius/blob/main/docs/evla_simulation.ipynb]


EVLA Simulation


[1]:






import os
try:
    import sirius
    print('SiRIUS version',sirius.__version__,'already installed.')
except ImportError as e:
    print(e)
    print('Installing SiRIUS')
    os.system("pip install sirius")
    import sirius
    print('SiRIUS version',sirius.__version__,' installed.')













SiRIUS version 0.0.28 already installed.







Load Packages


[2]:






import pkg_resources
import xarray as xr
import numpy as np
from astropy.coordinates import SkyCoord
xr.set_options(display_style="html")
import os
try:
    from google.colab import output
    output.enable_custom_widget_manager()
    IN_COLAB = True
    %matplotlib widget
except:
    IN_COLAB = False
    %matplotlib inline










Load Telescope Layout


[3]:






########## Get telescope layout ##########
tel_dir = pkg_resources.resource_filename('sirius_data', 'telescope_layout/data/vla.d.tel.zarr')
tel_xds = xr.open_zarr(tel_dir,consolidated=False)
n_ant = tel_xds.dims['ant_name']
tel_xds.attrs['telescope_name'] = 'EVLA'
tel_xds








[3]:





















<xarray.Dataset>
Dimensions:        (ant_name: 27, pos_coord: 3)
Coordinates:
  * ant_name       (ant_name) <U3 'W01' 'W02' 'W03' 'W04' ... 'N07' 'N08' 'N09'
  * pos_coord      (pos_coord) int64 0 1 2
Data variables:
    ANT_POS        (ant_name, pos_coord) float64 dask.array<chunksize=(27, 3), meta=np.ndarray>
    DISH_DIAMETER  (ant_name) float64 dask.array<chunksize=(27,), meta=np.ndarray>
Attributes:
    site_pos:        [{'m0': {'unit': 'm', 'value': -1601185.3650000016}, 'm1...
    telescope_name:  EVLA
xarray.Dataset
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sirius._sirius_utils._beam_utils


	
check_bm(bm)

	Ensure bm is in correct format otherwise numba code will malfunction.
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sirius._sirius_utils._cngi_io


	
ms_selection(infile, outfile=None, verbose=False, spw=None, field=None, times=None, baseline=None, scan=None, scanintent=None, array=None, uvdist=None, observation=None, polarization=None)

	




	
read_generic_table(infile, subtables=False, timecols=None, ignore=None)

	read generic casacore table format to xarray dataset loaded in memory


	Parameters

	
	infile (str) – Input table filename. To read a subtable simply append the subtable folder name under the main table (ie infile = ‘/path/mytable.tbl/mysubtable’)


	subtables (bool) – Whether or not to include subtables underneath the specified table. If true, an attribute called subtables will be added to the returned xds.
Default False


	timecols (list) – list of column names to convert to numpy datetime format. Default None leaves times as their original casacore format.


	ignore (list) – list of column names to ignore and not try to read. Default None reads all columns






	Returns

	



	Return type

	xarray.core.dataset.Dataset










	
read_ms(infile, rowmap=None, subtables=False, expand=False, chunks=(22000, 512, 2))

	Read legacy format MS to xarray Visibility Dataset

The MS is partitioned by DDI, which guarantees a fixed data shape per partition. This results in separate xarray
dataset (xds) partitions contained within a main xds (mxds).


	Parameters

	
	infile (str) – Input MS filename


	rowmap (dict) – Dictionary of DDI to tuple of (row indices, channel indices). Returned by ms_selection function. Default None ignores selections


	subtables (bool) – Also read and include subtables along with main table selection. Default False will omit subtables (faster)


	expand (bool) – Whether or not to return the original flat row structure of the MS (False) or expand the rows to time x baseline dimensions (True).
Expanding the rows allows for easier indexing and parallelization across time and baseline dimensions, at the cost of some conversion
time. Default False


	chunks (4-D tuple of ints) – Shape of desired chunking in the form of (time, baseline, channel, polarization). Larger values reduce the number of chunks and
speed up the reads at the cost of more memory. Chunk size is the product of the four numbers. Default is (400, 400, 64, 2). None
disables re-chunking and returns native chunk size from table row reads






	Returns

	Main xarray dataset of datasets for this visibility set



	Return type

	xarray.core.dataset.Dataset










	
write_generic_table(xds, outfile, subtable='', cols=None, verbose=False)

	Write generic xds contents back to casacore table format on disk


	Parameters

	
	xds (xarray.Dataset) – Source xarray dataset data


	outfile (str) – Destination filename (or parent main table if writing subtable)


	subtable (str) – Name of the subtable being written, triggers special logic to add subtable to parent table.  Default ‘’ for normal generic writes


	cols (str or list) – List of cols to write. Default None writes all columns













	
write_main_table_slice(xda, outfile, ddi, col, full_shape, starts)

	Write an xds row chunk to the corresponding main table slice






	
write_ms(mxds, outfile, infile=None, subtables=False, modcols=None, verbose=False, execute=True)

	Write ms format xds contents back to casacore table format on disk


	Parameters

	
	mxds (xarray.Dataset) – Source multi-xarray dataset (originally created by read_ms)


	outfile (str) – Destination filename


	infile (str) – Source filename to copy subtables from. Generally faster than reading/writing through mxds via the subtables parameter. Default None
does not copy subtables to output.


	subtables (bool) – Also write subtables from mxds. Default of False only writes mxds attributes that begin with xdsN to the MS main table.
Setting to True will write all other mxds attributes to subtables of the main table.  This is probably going to be SLOW!
Use infile instead whenever possible.


	modcols (list) – List of strings indicating what column(s) were modified (aka xds data_vars). Different logic can be applied to speed up processing when
a data_var has not been modified from the input. Default None assumes everything has been modified (SLOW)


	verbose (bool) – Whether or not to print output progress. Since writes will typically execute the DAG, if something is
going to go wrong, it will be here.  Default False


	execute (bool) – Whether or not to actually execute the DAG, or just return it with write steps appended. Default True will execute it













	
visplot(xda, axis=None, overplot=False, drawplot=True, tsize=250)

	Plot a preview of Visibility xarray DataArray contents


	Parameters

	
	xda (xarray.core.dataarray.DataArray) – input DataArray to plot


	axis (str or list or xarray.core.dataarray.DataArray) – Coordinate(s) within the xarray DataArray, or a second xarray DataArray to plot against. Default None uses range.
All other coordinates will be maxed across dims


	overplot (bool) – Overlay new plot on to existing window. Default of False makes a new window for each plot


	drawplot (bool) – Display plot window. Should pretty much always be True unless you want to overlay things
in a Jupyter notebook.


	tsize (int) – target size of the preview plot (might be smaller). Default is 250 points per axis






	Returns

	



	Return type

	Open matplotlib window










	
read_image(infile, masks=True, history=True, chunks=(1000, 1000, 1, 4), verbose=False)

	Read casacore format Image to xarray Image Dataset format


	Parameters

	
	infile (str) – Input image filename (.image or .fits format)


	masks (bool) – Also read image masks as additional image data_vars. Default is True


	history (bool) – Also read history log table. Default is True


	chunks (4-D tuple of ints) – Shape of desired chunking in the form of (l, m, chan, pol). Default is (1000, 1000, 1, 4)
Note: chunk size is the product of the four numbers (up to the actual size of the dimension)






	Returns

	new xarray Datasets of Image data contents



	Return type

	xarray.core.dataset.Dataset










	
write_image_slice(xda, outfile, col, starts)

	Write image xda chunk to the corresponding image table slice






	
write_image(xds, outfile, portion='IMAGE', masks=True, history=True, verbose=False, execute=True)

	Read casacore format Image to xarray Image Dataset format


	Parameters

	
	xds (xarray.Dataset) – Image xarray dataset to write


	outfile (str) – Output image filename (.image format)


	portion (str) – Name of the data_var in the xds that corresponds to the image data. Default ‘IMAGE’


	masks (bool) – Also write the masks to the output. Can be used instead of infile parameter. Default True


	history (bool) – Also write the history log file to the output. Can be used instead of infile paramter. Default True


	verbose (bool) – Whether or not to print output progress. Since writes will typically execute the DAG, if something is
going to go wrong, it will be here.  Default False


	execute (bool) – Whether or not to actually execute the DAG, or just return it with write steps appended. Default True will execute it
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sirius.dio


	
make_time_xda(time_start='2019-10-03T19:00:00.000', time_delta=3600, n_samples=10, n_chunks=4)

	Create a time series xarray array.
:param ——-:
:param time_xda:
:type time_xda: xarray.DataArray






	
make_chan_xda(spw_name='sband', freq_start=3 * 10 ** 9, freq_delta=0.4 * 10 ** 9, freq_resolution=0.01 * 10 ** 9, n_channels=3, n_chunks=3)

	Create a channel frequencies xarray array.
:param ——-:
:param chan_xda:
:type chan_xda: xarray.DataArray






	
write_to_ms_daskms(vis_xds, time_xda, chan_xda, pol, tel_xds, phase_center_names, phase_center_ra_dec, auto_corr, save_parms)

	Write out a MeasurementSet to disk using dask-ms


	Parameters

	
	vis_xds (xarray.Dataset) – 


	time_xda (xarray.DataArray) – 


	chan_xda (xarray.DataArray) – 


	pol (list) – 


	tel_xds (xarray.Dataset) – 


	phase_center_names (numpy.array) – 


	phase_center_ra_dec (numpy.array) – 


	auto_corr (bool) – 


	save_parms (dict) – 


	------- – 


	xarray.Dataset – 













	
write_to_ms_daskms_and_sim_tool(vis_xds, time_xda, chan_xda, pol, tel_xds, phase_center_names, phase_center_ra_dec, auto_corr, save_parms)

	Write out a MeasurementSet to disk using dask-ms

This first implementation is kept only temporarily, until performance comparisons are completed.






	
read_zarr(infile, sel_xds=None, chunks=None, consolidated=True, overwrite_encoded_chunks=True, **kwargs)

	Read zarr format Visibility data from disk to xarray Dataset


	Parameters

	
	infile (str) – input Visibility filename


	sel_xds (string or list) – Select the ddi to open, for example [‘xds0’,’xds1’] will open the first two ddi. Default None returns everything


	chunks (dict) – sets specified chunk size per dimension. Dict is in the form of ‘dim’:chunk_size, for example {‘time’:100, ‘baseline’:400, ‘chan’:32, ‘pol’:1}.
Default None uses the original zarr chunking.


	consolidated (bool) – use zarr consolidated metadata capability. Only works for stores that have already been consolidated. Default True works with datasets
produced by convert_ms which automatically consolidates metadata.


	overwrite_encoded_chunks (bool) – drop the zarr chunks encoded for each variable when a dataset is loaded with specified chunk sizes.  Default True, only applies when chunks
is not None.






	Returns

	New xarray Dataset of Visibility data contents



	Return type

	xarray.core.dataset.Dataset










	
write_zarr(mxds, outfile, chunks_on_disk=None, partition=None, consolidated=True, compressor=None, overwrite=True, graph_name='write_zarr')

	Write xarray dataset to zarr format on disk. When chunks_on_disk is not specified the chunking in the input dataset is used.
When chunks_on_disk is specified that dataset is saved using that chunking.


	Parameters

	
	mxds (xarray.core.dataset.Dataset) – Dataset of dataset to write to disk


	outfile (str) – outfile filename, generally ends in .zarr


	chunks_on_disk (dict of int) – A dictionary with the chunk size that will be used when writing to disk. For example {‘time’: 20, ‘chan’: 6}.
If chunks_on_disk is not specified the chunking of dataset will be used.


	partition (str or list) – Name of partition xds to write into outfile (from the mxds attributes section). Overwrites existing partition of same name.
Default None writes entire mxds


	compressor (numcodecs.blosc.Blosc) – The blosc compressor to use when saving the converted data to disk using zarr.
If None the zstd compression algorithm used with compression level 2.


	graph_name (string) – The time taken to execute the graph and save the dataset is measured and saved as an attribute in the zarr file.
The graph_name is the label for this timing information.
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sirius.display_tools


	
x_plot(vis='sim_data_ALMA.ms', ptype='amp-time', forceconvert=False, tel_name='ALMA')

	Make a few types of plots
Supported types : amp-time, amp-freq, uvcov, plotants
forceconvert=True/False : Convert the input MS to a Zarr dataset and read it into an XArray for plotting.


If set to False, it will skip the conversion step (and all the output messages the conversion produces).









	
listobs_jupyter(vis='sim_data_ALMA.ms')

	Print out the contents of listobs.
TODO : Convert the contents to a df (if possible) for a pretty display






	
image_ants(vis='sim_data_ALMA.ms', imname='try_ALMA', field='0', antsel='', tel='ALMA', vptable='')

	Run imager…..
TODO  set pblimit=-1 … or set the image stats method to look inside the PB region only.






	
get_baseline_types(msname='', tel='ALMA')

	Define MSSelection strings for all 3 types of baselines, and all.
Check them if an MS name is supplied.






	
check_vals(vis='', field='', spw='', pb_A='', pb_B='', antsels={}, meas_peaks={}, meas_rms={}, tel='ALMA')

	For the given (selected) MS and PB images, pick out the PB values at the source location for antenna types A and B
Calculate expected Intensity for the A-A, B-B, A-B and All baseline imaging cases.
Using sigmas (or weights) and input vis-rms values, calculate expected rms for all 4 imaging cases
Compare expected intensity, PB and RMS values with measured values.

ALMA : A = 12m.   B = 7m
ngVLA : A = 18m.  B = 6m






	
display_J(J_xds, pa, chan, val_type='abs', units='rad')

	val_type: [‘abs’,’phase’,’real’,’imag’]






	
display_M(M_xds, pa, chan, val_type='abs', units='rad')

	val_type: [‘abs’,’phase’,’real’,’imag’]
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[image: Open In Colab] [https://colab.research.google.com/github/casangi/sirius/blob/main/docs/technical_memo_notebooks/03_parallactic_angle.ipynb]

The purpose of this notebook is to compare the different ways parallactic angles are calculated using Astropy and CASA. The functions can be found in sirius/sirius/_sirius_utils/_calc_parallactic_angles.py.


	_calc_parallactic_angles_astropy Converts a direction and zenith (frame FK5) to a topocentric WGS84 Altitude-Azimuth (https://docs.astropy.org/en/stable/api/astropy.coordinates.AltAz.html) frame centered at the observing_location (frame ITRF) for a UTC time. The parallactic angles is calculated as the position angle of the Altitude-Azimuth direction and zenith.


	_calc_parallactic_angles_astropy2 Uses the Astroplan Observer container class.


	_calc_parallactic_angles_casa Uses the same approach as _calc_parallactic_angles_astropy except using the Casacore measures tool and the earth model can be specified (frame=’AZEL’ (spherical) or AZELGEO (WGS84)).


	_calc_parallactic_angles_casa2 Uses the approach in https://github.com/ARDG-NRAO/plumber/blob/master/plumber/sky.py.


	_calc_parallactic_angles_casa3 Based on casacore/ms/MSOper/MSDerivedValues.cc::parAngle() and casacore/casa/Quanta/MVDirection.cc::positionAngle.




All of the functions will be compared to _calc_parallactic_angles_casa, since this function allows for the earth model can be specified. The parallactic angles calculated by the awproject gridder will also be compared.


Astropy

[image: title]




CASA

[image: title]


[1]:






import os
try:
    import sirius
    print('SiRIUS version',sirius.__version__,'already installed.')
except ImportError as e:
    print(e)
    print('Installing SiRIUS')
    os.system("pip install sirius")
    import sirius
    print('SiRIUS version',sirius.__version__,' installed.')















SiRIUS version 0.0.28 already installed.









Load Packages


[2]:






import pkg_resources
import xarray as xr
import numpy as np
from astropy.coordinates import SkyCoord
from datetime import datetime

xr.set_options(display_style="html")
import os
try:
    from google.colab import output
    output.enable_custom_widget_manager()
    IN_COLAB = True
except:
    IN_COLAB = False

#Create directory to store generated data
data_dir = 'data/'
os.makedirs(data_dir, exist_ok=True)

#Move casa log to data dir
from casatasks import casalog
now = datetime.now()
dt_string = now.strftime("-%d%m%Y-%H%M%S")
casalog.setlogfile(data_dir+'casa'+dt_string+'.log')

#interactive plots
#%matplotlib widget
#embeded plots
%matplotlib inline







To calculate a parallatic angle we need the following info:


	Date time


	Earth location


	Direction




For the VLA the antenna pads have been tilted in such a way so that a single earth location can be used to calculate the parallatic angle for all antennas. This is however not the case for ALMA. The awproject gridder in tclean uses the position of the first antenna to calculate the parallactic angle for the array.

The array center which is used for the correlator point (origin for UVW) and the position on Earth where the TOPO frequency is measured for that telescope can be obtained using:


[3]:






from casacore.measures import measures
me = measures()
site_pos =  me.observatory('EVLA')
site_pos=me.measure(me.observatory('EVLA'),'ITRF')
print(site_pos)
site_pos=me.measure(me.observatory('EVLA'),'WGS84')
print(site_pos)













{'type': 'position', 'refer': 'ITRF', 'm2': {'value': 6373580.000000001, 'unit': 'm'}, 'm1': {'unit': 'rad', 'value': 0.5916753430723376}, 'm0': {'unit': 'rad', 'value': -1.8782884344112576}}
{'type': 'position', 'refer': 'WGS84', 'm2': {'value': 2118.614142014645, 'unit': 'm'}, 'm1': {'unit': 'rad', 'value': 0.5947877410277558}, 'm0': {'unit': 'rad', 'value': -1.8782884344112576}}







	ITRF is a geocentric


	WGS84 is a geodetic







CASA Sim using Awprojewct


[4]:






if not os.path.isdir(data_dir+'sim_awproject.ms'):
    from scripts.awproject_sim_03 import sim_awproject_evla
    sim_awproject_evla(data_dir+'sim_awproject.ms')










SiRIUS Sim


[5]:






if not os.path.isdir(data_dir+'sim_sirius.ms'):
    from scripts.sirius_sim_03 import sim_sirius_evla
    sim_sirius_evla(data_dir+'sim_sirius.ms')










Awproject Parallactic Angles

Extract parallactic angles from cfcache.


[6]:






from casatools import image
ia = image()
awproject_pa = np.zeros(6)

for i in range(6):
    ia.open(data_dir+'img_sim_awproject.cf/'+'CFS_'+str(i)+'_0_CF_0_0_0.im')
    miscinfo = ia.miscinfo()
    awproject_pa[i] = miscinfo['ParallacticAngle']
    ia.close()

print("Parallactic angles in degrees",awproject_pa)















Parallactic angles in degrees [ -70.649899    -86.29112099 -115.71606771  114.72711096   85.99807173
   70.39997555]









SiRIUS Parallactic Angles


[13]:






def fix_ang(a):
    a[a > np.pi]= a[a > np.pi] - 2*np.pi
    a = a*180/np.pi
    return a

from sirius._sirius_utils._calc_parallactic_angles import _calc_parallactic_angles_astropy, _calc_parallactic_angles_astropy2, _calc_parallactic_angles_casa, _calc_parallactic_angles_casa2, _calc_parallactic_angles_casa3
from casatools import msmetadata, measures, quanta
from astropy.time import Time
import numpy as np
import pkg_resources
import xarray as xr
msmd = msmetadata()
me = measures()

# Get Time Steps
field = 'field1'
#msmd.open('data/sim_awproject.ms')
msmd.open('data/sim_sirius.ms')
times = msmd.timesforfield(msmd.fieldsforname(field)[0])
time_str = Time(times/(3600.* 24), format='mjd').isot

'''
# Array Center
from sirius._sirius_utils._coord_transforms import _convert_latlong_to_xyz
site_pos =  me.observatory('EVLA')
site_pos=me.measure(me.observatory('EVLA'),'ITRF')
_convert_latlong_to_xyz(site_pos)
observing_location = np.array([site_pos['m0']['value'],site_pos['m1']['value'],site_pos['m2']['value']])
'''

# awproject uses the position of the first antenna to calculate the parallactic angle
tel_dir = pkg_resources.resource_filename('sirius_data', 'telescope_layout/data/evla.d.tel.zarr')
tel_xds = xr.open_zarr(tel_dir,consolidated=False)
observing_location = tel_xds.ANT_POS[0,:].values

phase_center = msmd.phasecenter(msmd.fieldsforname(field)[0])
phase_center_ra_dec = np.array([phase_center['m0']['value'],phase_center['m1']['value']])[None,:]


# What does awproject in CASA do
pa_ang_sirius_casa = fix_ang(_calc_parallactic_angles_casa(time_str, observing_location, phase_center_ra_dec, frame='AZEL', dir_frame='FK5', zenith_frame='HADEC'))
print('awproject parallactic angle degrees ',awproject_pa)
print('casa parallactic angle degrees',pa_ang_sirius_casa)
print('Difference in arcseconds ',(awproject_pa-pa_ang_sirius_casa)*(3600))
print('****************')

# Replicate other astropy and casa functions.

pa_ang_sirius_astropy = fix_ang(_calc_parallactic_angles_astropy(time_str, observing_location, phase_center_ra_dec, dir_frame='FK5'))
pa_ang_sirius_casa = fix_ang(_calc_parallactic_angles_casa(time_str, observing_location, phase_center_ra_dec, frame='AZELGEO', dir_frame='FK5', zenith_frame='FK5'))
print('astropy parallactic angle degrees',pa_ang_sirius_astropy)
print('casa parallactic angle degrees',pa_ang_sirius_casa)
print('Difference in arcseconds ' ,(pa_ang_sirius_astropy-pa_ang_sirius_casa)*3600)
print('****************')

pa_ang_sirius_astropy = fix_ang(_calc_parallactic_angles_astropy(time_str, observing_location, phase_center_ra_dec, dir_frame='FK5'))
pa_ang_sirius_casa = fix_ang(_calc_parallactic_angles_casa(time_str, observing_location, phase_center_ra_dec, frame='AZEL', dir_frame='FK5', zenith_frame='HADEC'))
print('astropy parallactic angle degrees',pa_ang_sirius_astropy)
print('casa parallactic angle degrees',pa_ang_sirius_casa)
print('Difference in arcseconds ' ,(pa_ang_sirius_astropy-pa_ang_sirius_casa)*3600)
print('****************')

pa_ang_sirius_astropy2 = fix_ang(_calc_parallactic_angles_astropy2(time_str, observing_location, phase_center_ra_dec, dir_frame='FK5'))
pa_ang_sirius_casa = fix_ang(_calc_parallactic_angles_casa(time_str, observing_location, phase_center_ra_dec, frame='AZEL', dir_frame='FK5', zenith_frame='FK5'))
print('astropy2 parallactic angle degrees',pa_ang_sirius_astropy2)
print('casa parallactic angle degrees',pa_ang_sirius_casa)
print('Difference in arcseconds ' ,(pa_ang_sirius_astropy2-pa_ang_sirius_casa)*3600)
print('****************')

pa_ang_sirius_casa2 = fix_ang(_calc_parallactic_angles_casa2(time_str, observing_location, phase_center_ra_dec, dir_frame='FK5'))
pa_ang_sirius_casa = fix_ang(_calc_parallactic_angles_casa(time_str, observing_location, phase_center_ra_dec, frame='AZEL', dir_frame='FK5', zenith_frame='HADEC'))
print('casa2 parallactic angle degrees',pa_ang_sirius_casa2)
print('casa parallactic angle degrees',pa_ang_sirius_casa)
print('Difference in arcseconds ' ,(pa_ang_sirius_casa2-pa_ang_sirius_casa2)*3600)
print('****************')

pa_ang_sirius_casa3 = fix_ang(_calc_parallactic_angles_casa3(time_str, observing_location, phase_center_ra_dec, frame='AZEL', dir_frame='FK5', zenith_frame='HADEC'))
pa_ang_sirius_casa = fix_ang(_calc_parallactic_angles_casa(time_str, observing_location, phase_center_ra_dec, frame='AZEL', dir_frame='FK5', zenith_frame='HADEC'))
print('casa3 parallactic angle degrees',pa_ang_sirius_casa)
print('casa parallactic angle degrees',pa_ang_sirius_casa)
print((pa_ang_sirius_casa-pa_ang_sirius_casa3)*3600)
print('****************')

#Zenith starting frame 'HADEC' vs 'FK5'
pa_ang_sirius_casa_HADEC = fix_ang(_calc_parallactic_angles_casa(time_str, observing_location, phase_center_ra_dec, frame='AZELGEO', dir_frame='FK5', zenith_frame='HADEC'))
pa_ang_sirius_casa_FK5 = fix_ang(_calc_parallactic_angles_casa(time_str, observing_location, phase_center_ra_dec, frame='AZELGEO', dir_frame='FK5', zenith_frame='FK5'))
print('casa_HADEC parallactic angle degrees',pa_ang_sirius_casa_HADEC)
print('casa_FK5 parallactic angle degrees',pa_ang_sirius_casa_FK5)
print('Difference in arcseconds ' ,(pa_ang_sirius_casa_HADEC-pa_ang_sirius_casa_FK5)*3600)
print('****************')

#Frame to convert to 'AZELGEO' vs 'AZEL'
pa_ang_sirius_casa_AZELGEO = fix_ang(_calc_parallactic_angles_casa(time_str, observing_location, phase_center_ra_dec, frame='AZELGEO', dir_frame='FK5', zenith_frame='FK5'))
pa_ang_sirius_casa_AZEL = fix_ang(_calc_parallactic_angles_casa(time_str, observing_location, phase_center_ra_dec, frame='AZEL', dir_frame='FK5', zenith_frame='FK5'))
print('casa_AZELGEO parallactic angle degrees',pa_ang_sirius_casa_AZELGEO)
print('casa_AZEL parallactic angle degrees',pa_ang_sirius_casa_AZEL)
print('Difference in arcseconds ' ,(pa_ang_sirius_casa_AZELGEO-pa_ang_sirius_casa_AZEL)*3600)

#Questions FK5 (J2000) -> ICRS
#For PA calc AZEL vs AZELGEO
#Zenith for PA calc FK5 or HADEC













awproject parallactic angle degrees  [ -70.649899    -86.29112099 -115.71606771  114.72711096   85.99807173
   70.39997555]
casa parallactic angle degrees [ -70.64989838  -86.29112085 -115.7160621   114.72711189   85.99807229
   70.39997512]
Difference in arcseconds  [-0.00222751 -0.00052524 -0.0202098  -0.00334638 -0.00203884  0.0015493 ]
****************
astropy parallactic angle degrees [ -70.34777117  -85.89276089 -114.96699024  114.23132453   85.84484406
   70.341338  ]
casa parallactic angle degrees [ -70.34778111  -85.89275009 -114.96710083  114.2309824    85.84475879
   70.34128818]
Difference in arcseconds  [ 0.03577029 -0.03888978  0.39811484  1.23167225  0.30695619  0.17934905]
****************
astropy parallactic angle degrees [ -70.34777117  -85.89276089 -114.96699024  114.23132453   85.84484406
   70.341338  ]
casa parallactic angle degrees [ -70.64989838  -86.29112085 -115.7160621   114.72711189   85.99807229
   70.39997512]
Difference in arcseconds  [ 1087.65796601  1434.09583315  2696.65867659 -1784.83450561
  -551.62163782  -211.09363545]
****************
astropy2 parallactic angle degrees [ -70.52068117  -86.03348829 -115.21363947  113.56085681   85.54291475
   70.09943368]
casa parallactic angle degrees [ -70.52860623  -86.16984232 -115.59481569  114.84831951   86.11924807
   70.52113777]
Difference in arcseconds  [   28.53022608   490.87450772  1372.23439417 -4634.86573468
 -2074.79997378 -1518.13470321]
****************
casa2 parallactic angle degrees [ -70.69971862  -86.30908555 -115.83883742  114.18564625   85.81927097
   70.28124285]
casa parallactic angle degrees [ -70.64989838  -86.29112085 -115.7160621   114.72711189   85.99807229
   70.39997512]
Difference in arcseconds  [0. 0. 0. 0. 0. 0.]
****************
casa3 parallactic angle degrees [ -70.64989838  -86.29112085 -115.7160621   114.72711189   85.99807229
   70.39997512]
casa parallactic ang