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 [https://zenodo.org/record/4476822]Training data generator for hierarchically modeling strong lenses with Bayesian neural networks

The baobab package can generate images of strongly-lensed systems, given some configurable prior distributions over the parameters of the lens and light profiles as well as configurable assumptions about the instrument and observation conditions. It supports prior distributions ranging from artificially simple to empirical.

A major use case for baobab is the generation of training and test sets for hierarchical inference using Bayesian neural networks (BNNs). The idea is that Baobab will generate the training and test sets using different priors. A BNN trained on the training dataset learns not only the parameters of individual lens systems but also, implicitly, the hyperparameters describing the training set population (the training prior). Such hierarchical inference is crucial in scenarios where the training and test priors are different, so that techniques such as importance weighting can be employed to bridge the gap in the BNN response.


Installation


	You’ll need a Fortran compiler and Fortran-compiled fastell4py, which you can get on a debian system by running




$sudo apt-get install gfortran
$git clone https://github.com/sibirrer/fastell4py.git <desired location>
$cd <desired location>
$python setup.py install --user






	Virtual environments are strongly recommended, to prevent dependencies with conflicting versions. Create a conda virtual environment and activate it:




$conda create -n baobab python=3.6 -y
$conda activate baobab






	Now do one of the following.




Option 2(a): clone the repo (please do this if you’d like to contribute to the development).

$git clone https://github.com/jiwoncpark/baobab.git
$cd baobab
$pip install -e . -r requirements.txt





Option 2(b): pip install the release version (only recommended if you’re a user).

$pip install baobab






	(Optional) To run the notebooks, add the Jupyter kernel.




$python -m ipykernel install --user --name baobab --display-name "Python (baobab)"






	(Optional) To enable online data augmentation for machine learning, install the relevant dependencies.




$pip install torch torchvision
$pip install tensorflow-gpu








Usage


	Choose your favorite config file among the templates in the configs directory and copy it to a directory of your choice, e.g.




$mkdir my_config_collection
$cp baobab/configs/tdlmc_diagonal_config.py my_config_collection/my_config.py






	Customize it! You might want to change the name field first with something recognizable. Pay special attention to the components field, which determines which components of the lensed system (e.g. lens light, AGN light) become sampled from relevant priors and rendered in the image.


	Generate the training set, e.g. continuing with the example in #1,




$generate my_config_collection/my_config.py





Although the n_data (size of training set) value is specified in the config file, you may choose to override it in the command line, as in

$generate my_config_collection/my_config.py 100








Feedback

Please message @jiwoncpark with any questions.

There is an ongoing document [https://www.overleaf.com/read/pswdqwttjbjr] that details our BNN prior choice, written and maintained by Ji Won.




Attribution

baobab heavily uses lenstronomy, a multi-purpose package for modeling and simulating strongly-lensed systems (see source [https://github.com/sibirrer/lenstronomy]). When you use baobab for your project, please cite lenstronomy with Birrer & Amara 2018 [https://arxiv.org/abs/1803.09746v1] as well as Park et al. 2019 (in prep).
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Installation


	You’ll need a Fortran compiler and Fortran-compiled fastell4py, which you can get on a debian system by running




$sudo apt-get install gfortran
$git clone https://github.com/sibirrer/fastell4py.git <desired location>
$cd <desired location>
$python setup.py install --user






	Virtual environments are strongly recommended, to prevent dependencies with conflicting versions. Create a conda virtual environment and activate it:




$conda create -n baobab python=3.6 -y
$conda activate baobab






	Now do one of the following.




Option 2(a): clone the repo (please do this if you’d like to contribute to the development).

$git clone https://github.com/jiwoncpark/baobab.git
$cd baobab
$pip install -e . -r requirements.txt





Option 2(b): pip install the release version (only recommended if you’re a user).

$pip install pybaobab






	(Optional) To run the notebooks, add the Jupyter kernel.




$python -m ipykernel install --user --name baobab --display-name "Python (baobab)"






	(Optional) To enable online data augmentation for machine learning, install the relevant dependencies.




$pip install torch torchvision
$pip install tensorflow-gpu









          

      

      

    

  

    
      
          
            
  
Usage


	Choose your favorite config file among the templates in the configs directory and copy it to a directory of your choice, e.g.




$mkdir my_config_collection
$cp baobab/configs/tdlmc_diagonal_config.py my_config_collection/my_config.py






	Customize it! You might want to change the name field first with something recognizable. Pay special attention to the components field, which determines which components of the lensed system (e.g. lens light, AGN light) become sampled from relevant priors and rendered in the image.


	Generate the training set, e.g. continuing with the example in #1,




$generate my_config_collection/my_config.py





Although the n_data (size of training set) value is specified in the config file, you may choose to override it in the command line, as in

$generate my_config_collection/my_config.py 100









          

      

      

    

  

    
      
          
            
  
baobab package


Subpackages



	baobab.configs package
	baobab.configs.parser module





	baobab.bnn_priors package
	baobab.bnn_priors.base_bnn_prior module

	baobab.bnn_priors.diagonal_bnn_prior module

	baobab.bnn_priors.cov_bnn_prior module

	baobab.bnn_priors.empirical_bnn_prior module

	baobab.bnn_priors.kinematics_models module

	baobab.bnn_priors.parameter_models module





	baobab.generate script

	baobab.to_hdf5 script











          

      

      

    

  

    
      
          
            
  
baobab.configs package


baobab.configs.parser module


	
class baobab.configs.parser.BaobabConfig(user_cfg)[source]

	Bases: object

Nested dictionary representing the configuration for Baobab data generation


	
export_log()[source]

	Export the baobab log to the current working directory






	
classmethod from_file(user_cfg_path)[source]

	Alternative constructor that accepts the path to the user-defined configuration python file
:param user_cfg_path: path to the user-defined configuration python file
:type user_cfg_path: str or os.path object






	
get_noise_kwargs(bandpass)[source]

	Return the noise kwargs defined in the babobab config, e.g. for passing to the noise model for online data augmentation


	Returns

	
	(dict) (A dict containing the noise kwargs to be passed to the noise) – model.


	(str) (The bandpass to pull the noise information for)















	
get_survey_info(survey_info, psf_type)[source]

	Fetch the camera and instrument information corresponding to the survey string identifier






	
interpret_kinematics_cfg()[source]

	Validate the kinematics config






	
interpret_magnification_cfg()[source]

	













          

      

      

    

  

    
      
          
            
  
baobab.bnn_priors package





baobab.bnn_priors.base_bnn_prior module


	
class baobab.bnn_priors.base_bnn_prior.BaseBNNPrior(bnn_omega, components)[source]

	Bases: abc.ABC

Abstract base class equipped with PDF evaluation and sampling utility functions for various lens/source macromodels


	
eval_param_pdf(eval_at, hyperparams)[source]

	Assigns and evaluates the PDF






	
sample()[source]

	Gets kwargs of sampled parameters to be passed to lenstronomy

Overridden by subclasses.






	
sample_param(hyperparams)[source]

	Assigns a sampling distribution






	
set_comps_qphi_to_e1e2()[source]

	




	
set_params_list(params_to_exclude)[source]

	Set the list of tuples, each tuple specifying the component and parameter name, to be realized independently as well as the list of tuples to be converted from the q, phi convention to the e1, e2 convention












baobab.bnn_priors.diagonal_bnn_prior module


	
class baobab.bnn_priors.diagonal_bnn_prior.DiagonalBNNPrior(bnn_omega, components)[source]

	Bases: baobab.bnn_priors.base_bnn_prior.BaseBNNPrior

BNN prior with independent parameters


Note

This BNNPrior is cosmology-agnostic. For a version that’s useful for H0 inference, see DiagonalCosmoBNNPrior.




	
sample()[source]

	Gets kwargs of sampled parameters to be passed to lenstronomy


	Returns

	dictionary of config-specified components (e.g. lens mass), itself
a dictionary of sampled parameters corresponding to the config-specified
profile of that component



	Return type

	dict
















baobab.bnn_priors.cov_bnn_prior module


	
class baobab.bnn_priors.cov_bnn_prior.CovBNNPrior(bnn_omega, components)[source]

	Bases: baobab.bnn_priors.base_bnn_prior.BaseBNNPrior

BNN prior with marginally covariant parameters


Note

This BNNPrior is cosmology-agnostic. For a version that’s useful for H0 inference, see CovCosmoBNNPrior.




	
sample()[source]

	Gets kwargs of sampled parameters to be passed to lenstronomy


	Returns

	dictionary of config-specified components (e.g. lens mass), itself
a dictionary of sampled parameters corresponding to the config-specified
profile of that component



	Return type

	dict
















baobab.bnn_priors.empirical_bnn_prior module


	
class baobab.bnn_priors.empirical_bnn_prior.EmpiricalBNNPrior(bnn_omega, components)[source]

	Bases: baobab.bnn_priors.base_bnn_prior.BaseBNNPrior, baobab.bnn_priors.base_cosmo_bnn_prior.BaseCosmoBNNPrior

BNN prior that encodes physical correlations between parameters


	
get_agn_absolute_magnitude(z_src)[source]

	Get the AGN absolute magnitude at 1450A, sampled from the luminosity function for its redshift bin


	Parameters

	z_src (float) – the AGN redshift



	Returns

	AGN absolute magnitude at 1450A



	Return type

	float










	
get_lens_absolute_magnitude(vel_disp)[source]

	Get the lens absolute magnitude from the Faber-Jackson relation
given the realized velocity dispersion, with some scatter


	Parameters

	vel_disp (float) – the velocity dispersion in km/s



	Returns

	the V-band absolute magnitude



	Return type

	float










	
get_lens_apparent_magnitude(M_lens, z_lens)[source]

	Get the lens apparent magnitude from the Faber-Jackson relation
given the realized velocity dispersion, with some scatter


	Parameters

	
	M_lens (float) – the V-band absolute magnitude of lens


	z_lens (float) – the lens redshift









Note

Does not account for peculiar velocity or dust. K-correction is approximate and implicit,
as the absolute magnitude is in the V-band (480nm ~ 650nm) and, for z ~ 2-3, this portion
of the SED roughly lands in the IR.




	Returns

	the apparent magnitude in the IR



	Return type

	float










	
get_lens_size(vel_disp, z_lens, m_V)[source]

	Get the lens V-band efefctive radius from the Fundamental Plane relation
given the realized velocity dispersion and apparent magnitude, with some scatter


	Parameters

	
	vel_disp (float) – the velocity dispersion in km/s


	z_lens (float) – redshift


	m_V (float) – V-band apparent magnitude






	Returns

	the effective radius in kpc and arcsec



	Return type

	tuple










	
get_src_absolute_magnitude(z_src)[source]

	Sample the UV absolute magnitude from the luminosity function for the given redshift
and convert into apparent magnitude


	Parameters

	z_src (float) – the source redshift



	Returns

	the absolute magnitude at 1500A



	Return type

	float










	
get_src_apparent_magnitude(M_src, z_src)[source]

	Convert the souce absolute magnitude into apparent magnitude


	Parameters

	
	M_src (float) – the source absolute magnitude


	z_src (float) – the source redshift









Note

Does not account for peculiar velocity or dust. K-correction is approximate and implicit,
as the absolute magnitude is at 150nm and, for z ~ 5-9, this portion
of the SED roughly lands in the IR.




	Returns

	the apparent magnitude in the IR



	Return type

	float










	
get_src_size(z_src, M_V_src)[source]

	Get the effective radius of the source from its empirical relation with V-band absolute
magnitude and redshift


	Parameters

	
	M_V_src (float) – V-band absolute magnitude of the source


	z_src (float) – source redshift






	Returns

	tuple of the effective radius in kpc and arcsec



	Return type

	tuple










	
sample()[source]

	Gets kwargs of sampled parameters to be passed to lenstronomy


	Returns

	dictionary of config-specified components (e.g. lens mass), itself
a dictionary of sampled parameters corresponding to the config-specified
profile of that component



	Return type

	dict










	
sample_vel_disp(vel_disp_cfg)[source]

	Sample velocity dispersion from the config-specified model,
on a grid with the range and resolution specified in the config


	Parameters

	vel_disp_cfg (dict) – Copy of cfg.bnn_omega.kinematics.vel_disp



	Returns

	a realization of velocity dispersion



	Return type

	float
















baobab.bnn_priors.kinematics_models module


	
baobab.bnn_priors.kinematics_models.vel_disp_function_CPV2007(vel_disp_grid)[source]

	Evaluate the velocity dispersion function from the fit on SDSS DR6
by [1]_ on a provided grid and normalizes the result to unity, so it can
be used as a PMF from which to draw the velocity dispersion.


	Parameters

	vel_disp_grid (array-like) – a grid of velocity dispersion values in km/s






Note

The returned array is normalized to unity and we treat it as a PMF from which to sample
the velocity dispersion. We also use the exact fit values also used in LensPop ([2]_).



References


	1

	Choi, Yun-Young, Changbom Park, and Michael S. Vogeley. “Internal and collective properties of galaxies in the Sloan Digital Sky Survey.” The Astrophysical Journal 658.2 (2007): 884.



	2

	Collett, Thomas E. “The population of galaxy–galaxy strong lenses in forthcoming optical imaging surveys.” The Astrophysical Journal 811.1 (2015): 20.






	Returns

	the velocity dispersion function evaluated at vel_disp_grid



	Return type

	array-like, same shape as vel_disp_grid












baobab.bnn_priors.parameter_models module


	
baobab.bnn_priors.parameter_models.approximate_theta_E_for_SIS(vel_disp_iso, z_lens, z_src, cosmo)[source]

	Compute the Einstein radius for a given isotropic velocity dispersion
assuming a singular isothermal sphere (SIS) mass profile


	Parameters

	
	vel_disp_iso (float) – isotropic velocity dispersion, or an approximation to it, in km/s


	z_lens (float) – the lens redshift


	z_src (float) – the source redshift


	cosmo (astropy.cosmology object) – the cosmology









Note

The computation is purely analytic.




	Returns

	the Einstein radius for an SIS in arcsec



	Return type

	float










	
class baobab.bnn_priors.parameter_models.FaberJackson(slope=None, intercept=None, fit_data=None)[source]

	Bases: object

Represents the Faber-Jackson (FJ) relation between velocity dispersion and luminosity
of elliptical galaxies.

FJ is a projection of the Fundamental Plane (FP) relation.


	
get_luminosity(vel_disp)[source]

	Evaluate the V-band luminosity L_V expected from the FJ relation
for a given velocity dispersion


	Parameters

	vel_disp (float) – the velocity dispersion in km/s



	Returns

	log(L_V/L_solar)



	Return type

	float














	
class baobab.bnn_priors.parameter_models.FundamentalPlane(a=None, b=None, c=None, intrinsic_scatter=0.0, fit_data=None)[source]

	Bases: object

Represents the Fundamental Plane (FP) relation between the velocity dispersion,
luminosity, and effective radius for elliptical galaxies

Luminosity is expressed as apparent magnitude in this form.


	
get_effective_radius(vel_disp, m_V)[source]

	Evaluate the size expected from the FP relation
for a given velocity dispersion and V-band apparent magnitude


	Parameters

	
	vel_disp (float) – the velocity dispersion in km/s


	m_V (float) – the apparent V-band magnitude






	Returns

	the effective radius in kpc



	Return type

	float














	
class baobab.bnn_priors.parameter_models.FundamentalMassHyperplane(a=None, b=None, intrinsic_scatter=0.0, fit_data=None)[source]

	Bases: object

Represents bivariate relations (projections) within the Fundamental Mass Hyperplane (FMHP) relation
between the stellar mass, stellar mass density, effective radius, and velocity dispersion of massive ETGs.

Only the relation between the power-law mass slope (gamma) and effective radius is currently supported.


	
get_gamma_from_R_eff(R_eff)[source]

	Evaluate the power-law slope of the mass profile from its power-law relation with effective radius


	Parameters

	R_eff (float) – the effective radius in kpc



	Returns

	the power-law slope, gamma



	Return type

	float










	
get_gamma_from_vel_disp(vel_disp)[source]

	Evaluate the power-law slope of the mass profile from its power-law relation with effective radius


	Parameters

	vel_disp (float) – the velocity dispersion in km/s



	Returns

	the power-law slope, gamma



	Return type

	float














	
class baobab.bnn_priors.parameter_models.AxisRatioRayleigh(a=None, b=None, lower=0.2, fit_data=None)[source]

	Bases: object

Represents various scaling relations that the axis ratio can follow with
quantities like velocity dispersion, when its PDF is assumed to be a Rayleigh distribution

Only the relation with velocity dispersion is currently supported.


	
get_axis_ratio(vel_disp)[source]

	Sample (one minus) the axis ratio of the lens galaxy from the Rayleigh distribution with scale
that depends on velocity dispersion


	Parameters

	vel_disp (float) – velocity dispersion in km/s



	Returns

	the axis ratio q



	Return type

	float














	
baobab.bnn_priors.parameter_models.redshift_binned_luminosity_function(z, M_grid)[source]

	Sample FUV absolute magnitude from the redshift-binned luminosity function


	Parameters

	
	z (float) – galaxy redshift


	M_grid (array-like) – grid of FUV absolute magnitudes at which to evaluate luminosity function









Note

For z < 4, we use the Schechter function fits in Table 1 of [1]_ and,
for 4 < z < 8, those in Table 4 of [2]_.
z > 8 are binned into the z=8 bin. I might add high-redshift models, e.g. from [3]_.



References


	1

	Arnouts, Stephane, et al. “The GALEX VIMOS-VLT Deep Survey* Measurement of the Evolution of the 1500 Å Luminosity Function.” The Astrophysical Journal Letters 619.1 (2005): L43.



	2

	Finkelstein, Steven L., et al. “The evolution of the galaxy rest-frame ultraviolet luminosity function over the first two billion years.” The Astrophysical Journal 810.1 (2015): 71.



	3

	Kawamata, Ryota, et al. “Size–Luminosity Relations and UV Luminosity Functions at z= 6–9 Simultaneously Derived from the Complete Hubble Frontier Fields Data.” The Astrophysical Journal 855.1 (2018): 4.






	Returns

	unnormalized function of the absolute magnitude at 1500A



	Return type

	array-like










	
baobab.bnn_priors.parameter_models.size_from_luminosity_and_redshift_relation(z, M_V)[source]

	Sample the effective radius of Lyman break galaxies from the relation with luminosity and redshift


	Parameters

	
	z (float) – galaxy redshift


	M_V (float) – V-band absolute magnitude









Note

The relation and scatter agree with [1]_ and [2]_, which both show that size decreases
with higher redshift. They have been used in LensPop ([3]_) for source galaxies.



References


	1

	Mosleh, Moein, et al. “The evolution of mass-size relation for Lyman break galaxies from z= 1 to z= 7.”  The Astrophysical Journal Letters 756.1 (2012): L12.



	2

	Huang, Kuang-Han, et al. “The bivariate size-luminosity relations for Lyman break galaxies at z∼ 4-5.” The Astrophysical Journal 765.1 (2013): 68.



	3

	Collett, Thomas E. “The population of galaxy–galaxy strong lenses in forthcoming optical imaging surveys.” The Astrophysical Journal 811.1 (2015): 20.






	Returns

	a sampled effective radius in kpc



	Return type

	float










	
class baobab.bnn_priors.parameter_models.AGNLuminosityFunction(M_grid, z_bins=None, alphas=None, betas=None, M_stars=None, fit_data=None)[source]

	Bases: object

Redshift-binned AGN luminosity function parameterized as a double power-law


	
get_double_power_law(alpha, beta, M_star)[source]

	Evaluate the double power law at the given grid of absolute magnitudes


	Parameters

	
	alpha (float) – bright-end slope of the double power-law luminosity function


	beta (float) – faint-end slope of the double power-law luminosity function


	M_star (float) – break magnitude









Note

Returned luminosity function is normalized to unity. See Note under slope of the double power-law luminosity function.




	Returns

	the luminosity function evaluated at self.M_grid and normalized to unity



	Return type

	array-like










	
sample_agn_luminosity(z)[source]

	Sample the AGN luminosity from the redshift-binned luminosity function


	Parameters

	z (float) – the AGN redshift



	Returns

	sampled AGN luminosity at 1450A in mag



	Return type

	float



















          

      

      

    

  

    
      
          
            
  
baobab.generate script

Generating the training data.

This script generates the training data according to the config specifications.

Example

To run this script, pass in the desired config file as argument:

$ generate baobab/configs/tdlmc_diagonal_config.py --n_data 1000






	
baobab.generate.main()[source]

	




	
baobab.generate.parse_args()[source]

	Parse command-line arguments









          

      

      

    

  

    
      
          
            
  
baobab.to_hdf5 script

Converting .npy image files and metadata into HDF5

This script converts the baobab data into the HDF5 format.

Example

To run this script, pass in the baobab out_dir path as the first argument and the framework format as the second, e.g.:

$ to_hdf5 out_data/tdlmc_train_EmpiricalBNNPrior_seed1113 --format 'tf'





The output file will be named tdlmc_train_EmpiricalBNNPrior_seed1113.h5 and can be found inside the directory provided as the first argument.

See the demo notebook demo/Read_hdf5_file.ipynb for instructions on how to access the datasets in this file.


	
baobab.to_hdf5.main()[source]

	




	
baobab.to_hdf5.parse_args()[source]

	Parses command-line arguments









          

      

      

    

  

    
      
          
            
  
Feedback

Suggestions are always welcome! If you encounter an issue or areas for improvement, please message @jiwoncpark or make an issue [https://github.com/jiwoncpark/baobab/issues].
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      	get_noise_map() (baobab.data_augmentation.noise_lenstronomy.NoiseModelNumpy method)


      	get_noise_sigma2() (baobab.data_augmentation.noise_lenstronomy.NoiseModelNumpy method)


      	get_noise_sigma2_lenstronomy() (in module baobab.data_augmentation.noise_lenstronomy)


      	get_poisson_noise_sigma2() (baobab.data_augmentation.noise_lenstronomy.NoiseModelNumpy method)


      	get_readout_noise_sigma2() (baobab.data_augmentation.noise_lenstronomy.NoiseModelNumpy method)


      	get_sky_noise_sigma2() (baobab.data_augmentation.noise_lenstronomy.NoiseModelNumpy method)


      	get_src_absolute_magnitude() (baobab.bnn_priors.empirical_bnn_prior.EmpiricalBNNPrior method)


      	get_src_apparent_magnitude() (baobab.bnn_priors.empirical_bnn_prior.EmpiricalBNNPrior method)


      	get_src_size() (baobab.bnn_priors.empirical_bnn_prior.EmpiricalBNNPrior method)


      	get_survey_info() (baobab.configs.parser.BaobabConfig method)


  





I


  	
      	interpret_kinematics_cfg() (baobab.configs.parser.BaobabConfig method)


  

  	
      	interpret_magnification_cfg() (baobab.configs.parser.BaobabConfig method)


  





M


  	
      	main() (in module baobab.generate)

      
        	(in module baobab.to_hdf5)


      


  





N


  	
      	NoiseModelNumpy (class in baobab.data_augmentation.noise_lenstronomy)


  





P


  	
      	parse_args() (in module baobab.generate)

      
        	(in module baobab.to_hdf5)


      


  





R


  	
      	redshift_binned_luminosity_function() (in module baobab.bnn_priors.parameter_models)


  





S


  	
      	sample() (baobab.bnn_priors.base_bnn_prior.BaseBNNPrior method)

      
        	(baobab.bnn_priors.cov_bnn_prior.CovBNNPrior method)


        	(baobab.bnn_priors.diagonal_bnn_prior.DiagonalBNNPrior method)


        	(baobab.bnn_priors.empirical_bnn_prior.EmpiricalBNNPrior method)


      


      	sample_agn_luminosity() (baobab.bnn_priors.parameter_models.AGNLuminosityFunction method)


  

  	
      	sample_param() (baobab.bnn_priors.base_bnn_prior.BaseBNNPrior method)


      	sample_vel_disp() (baobab.bnn_priors.empirical_bnn_prior.EmpiricalBNNPrior method)


      	set_comps_qphi_to_e1e2() (baobab.bnn_priors.base_bnn_prior.BaseBNNPrior method)


      	set_params_list() (baobab.bnn_priors.base_bnn_prior.BaseBNNPrior method)


      	size_from_luminosity_and_redshift_relation() (in module baobab.bnn_priors.parameter_models)


  





V


  	
      	vel_disp_function_CPV2007() (in module baobab.bnn_priors.kinematics_models)


  







          

      

      

    

  

    
      
          
            
  
baobab.data_augmentation package





baobab.data_augmentation.noise_lenstronomy module


	
baobab.data_augmentation.noise_lenstronomy.get_noise_sigma2_lenstronomy(img, pixel_scale, exposure_time, magnitude_zero_point, read_noise=None, ccd_gain=None, sky_brightness=None, seeing=None, num_exposures=1, psf_type='GAUSSIAN', kernel_point_source=None, truncation=5, data_count_unit='ADU', background_noise=None)

	Get the variance of sky, readout, and Poisson flux noise sources using lenstronomy


	Parameters

	
	img (2D numpy array) – image on which the noise will be evaluated


	pixel_scale (float) – pixel scale in arcsec/pixel


	exposure_time (float) – exposure time per image in seconds


	magnitude_zero_point (float) – magnitude at which 1 count per second per arcsecond square is registered


	read_noise (float) – std of noise generated by readout (in units of electrons)


	ccd_gain (float) – electrons/ADU (analog-to-digital unit). A gain of 8 means that the camera digitizes the CCD signal so that each ADU corresponds to 8 photoelectrons


	sky_brightness (float) – sky brightness (in magnitude per square arcsec)


	seeing (float) – fwhm of PSF


	num_exposures (float) – number of exposures that are combined


	psf_type (str) – type of PSF (‘GAUSSIAN’ and ‘PIXEL’ supported)


	kernel_point_source (2d numpy array) – model of PSF centered with odd number of pixels per axis(optional when psf_type=’PIXEL’ is chosen)


	truncation (float) – Gaussian truncation (in units of sigma), only required for ‘GAUSSIAN’ model


	data_count_unit (str) – unit of the data (and other properties), ‘e-‘: (electrons assumed to be IID), ‘ADU’: (analog-to-digital unit)


	background_noise (float) – sqrt(variance of background) as a total contribution from read noise, sky brightness, etc. in units of the data_count_units
If you set this parameter, it will override read_noise, sky_brightness. Default: None






	Returns

	variance in the poisson, sky, and readout noise sources



	Return type

	dict










	
class baobab.data_augmentation.noise_lenstronomy.NoiseModelNumpy(pixel_scale, exposure_time, magnitude_zero_point, read_noise=None, ccd_gain=None, sky_brightness=None, seeing=None, num_exposures=1, psf_type='GAUSSIAN', kernel_point_source=None, truncation=5, data_count_unit='ADU', background_noise=None)

	Bases: object

A combination of sky, readout, and Poisson flux noise to be added to the image


Note

This is a wrapper around the functionality provided by the SingleBand class in lenstronomy.




	
get_background_noise_sigma2_composite()

	Get the variance in background noise from the sky brightness and read noise


	Returns

	variance of the background noise, in cps^2



	Return type

	float










	
get_background_noise_sigma2_simple()

	Get the variance in background noise from the specified estimate of the background noise, rather than computing it from the sky brightness and read noise


	Returns

	variance of the background noise, in cps^2



	Return type

	float










	
get_noise_map(img)

	Get the total random noise map due to the combined effects of sky, readout, and Poisson flux noise


	Parameters

	img (2D np.array) – the image of flux values in cps on which to evaluate the noise



	Returns

	the noise map in cps



	Return type

	2D np.array










	
get_noise_sigma2(img)

	Get the variance of total noise due to the combined effects of sky, readout, and Poisson flux noise


	Parameters

	img (2D np.array) – the image of flux values in cps on which to evaluate the noise



	Returns

	variance of total noise, in cps^2



	Return type

	2D np.array










	
get_poisson_noise_sigma2(img)

	Get the variance in Poisson flux noise from the image


	Parameters

	img (2D np.array) – the image of flux values in cps on which to evaluate the noise



	Returns

	variance of the Poisson flux noise, in cps^2



	Return type

	float










	
get_readout_noise_sigma2()

	Compute the variance in readout noise


	Returns

	variance of the readout noise, in cps^2



	Return type

	float










	
get_sky_noise_sigma2()

	Compute the variance in sky noise


	Returns

	variance of the sky noise, in cps^2



	Return type

	float
















baobab.data_augmentation.noise_torch module




baobab.data_augmentation.noise_tf module







          

      

      

    

  

    
      
          
            
  All modules for which code is available

	baobab.bnn_priors.base_bnn_prior

	baobab.bnn_priors.cov_bnn_prior

	baobab.bnn_priors.diagonal_bnn_prior

	baobab.bnn_priors.empirical_bnn_prior

	baobab.bnn_priors.kinematics_models

	baobab.bnn_priors.parameter_models

	baobab.configs.parser

	baobab.data_augmentation.noise_lenstronomy

	baobab.generate

	baobab.to_hdf5




          

      

      

    

  

    
      
          
            
  Source code for baobab.generate

# -*- coding: utf-8 -*-
"""Generating the training data.

This script generates the training data according to the config specifications.

Example
-------
To run this script, pass in the desired config file as argument::

    $ generate baobab/configs/tdlmc_diagonal_config.py --n_data 1000

"""

import os, sys
import random
import argparse
import gc
from types import SimpleNamespace
from tqdm import tqdm
import numpy as np
import pandas as pd
# Lenstronomy modules
import lenstronomy
print("Lenstronomy path being used: {:s}".format(lenstronomy.__path__[0]))
from lenstronomy.LensModel.lens_model import LensModel
from lenstronomy.LightModel.light_model import LightModel
from lenstronomy.PointSource.point_source import PointSource
# Baobab modules
from baobab.configs import BaobabConfig
import baobab.bnn_priors as bnn_priors
from baobab.sim_utils import Imager, Selection

[docs]def parse_args():
    """Parse command-line arguments

    """
    parser = argparse.ArgumentParser()
    parser.add_argument('config', help='Baobab config file path')
    parser.add_argument('--n_data', default=None, dest='n_data', type=int,
                        help='size of dataset to generate (overrides config file)')
    parser.add_argument('--dest_dir', default=None, dest='dest_dir', type=str,
                        help='destination for output folder (overrides config file)')
    args = parser.parse_args()
    # sys.argv rerouting for setuptools entry point
    if args is None:
        args = SimpleNamespace()
        args.config = sys.argv[0]
        args.n_data = sys.argv[1]
        args.dest_dir = sys.argv[2]
    return args


[docs]def main():
    args = parse_args()
    cfg = BaobabConfig.from_file(args.config)
    if args.n_data is not None:
        cfg.n_data = args.n_data
    if args.dest_dir is not None:
        cfg.destination_dir = args.dest_dir
    # Seed for reproducibility
    np.random.seed(cfg.seed)
    random.seed(cfg.seed)
    # Create data directory
    save_dir = cfg.out_dir
    if not os.path.exists(save_dir):
        os.makedirs(save_dir)
        print("Destination folder path: {:s}".format(save_dir))
    else:
        raise OSError("Destination folder already exists.")
    # Instantiate density models
    kwargs_model = dict(
                    lens_model_list=[cfg.bnn_omega.lens_mass.profile, cfg.bnn_omega.external_shear.profile],
                    source_light_model_list=[cfg.bnn_omega.src_light.profile],
                    )       
    lens_mass_model = LensModel(lens_model_list=kwargs_model['lens_model_list'])
    src_light_model = LightModel(light_model_list=kwargs_model['source_light_model_list'])
    if 'lens_light' in cfg.components:
        kwargs_model['lens_light_model_list'] = [cfg.bnn_omega.lens_light.profile]
        lens_light_model = LightModel(light_model_list=kwargs_model['lens_light_model_list'])
    else:
        lens_light_model = None
    if 'agn_light' in cfg.components:
        kwargs_model['point_source_model_list'] = [cfg.bnn_omega.agn_light.profile]
        ps_model = PointSource(point_source_type_list=kwargs_model['point_source_model_list'], fixed_magnification_list=[False])
    else:
        ps_model = None
    # Instantiate Selection object
    selection = Selection(cfg.selection, cfg.components)
    # Instantiate Imager object
    if cfg.bnn_omega.kinematics.calculate_vel_disp or cfg.bnn_omega.time_delays.calculate_time_delays:
        for_cosmography = True
    else:
        for_cosmography = False
    imager = Imager(cfg.components, lens_mass_model, src_light_model, lens_light_model=lens_light_model, ps_model=ps_model, kwargs_numerics=cfg.numerics, min_magnification=cfg.selection.magnification.min, for_cosmography=for_cosmography, magnification_frac_err=cfg.bnn_omega.magnification.frac_error_sigma)
    # Initialize BNN prior
    if for_cosmography:
        kwargs_lens_eqn_solver = {'min_distance': 0.05, 'search_window': cfg.instrument['pixel_scale']*cfg.image['num_pix'], 'num_iter_max': 100}
        bnn_prior = getattr(bnn_priors, cfg.bnn_prior_class)(cfg.bnn_omega, cfg.components, kwargs_lens_eqn_solver)
    else:
        kwargs_lens_eqn_solver = {}
        bnn_prior = getattr(bnn_priors, cfg.bnn_prior_class)(cfg.bnn_omega, cfg.components)
    # Initialize empty metadata dataframe
    metadata = pd.DataFrame()
    metadata_path = os.path.join(save_dir, 'metadata.csv')
    current_idx = 0 # running idx of dataset
    pbar = tqdm(total=cfg.n_data)
    while current_idx < cfg.n_data:
        sample = bnn_prior.sample() # FIXME: sampling in batches
        if selection.reject_initial(sample): # select on sampled model parameters
            continue
        # Generate the image
        img, img_features = imager.generate_image(sample, cfg.image.num_pix, cfg.survey_object_dict)
        if img is None: # select on stats computed while rendering the image
            continue
        # Save image file
        if cfg.image.squeeze_bandpass_dimension:
            img = np.squeeze(img)
        img_filename = 'X_{0:07d}.npy'.format(current_idx)
        img_path = os.path.join(save_dir, img_filename)
        np.save(img_path, img)
        # Save labels
        meta = {}
        for comp in cfg.components: # Log model parameters
            for param_name, param_value in sample[comp].items():
                meta['{:s}_{:s}'.format(comp, param_name)] = param_value  
        if cfg.bnn_prior_class in ['EmpiricalBNNPrior', 'DiagonalCosmoBNNPrior']: # Log other stats
            for misc_name, misc_value in sample['misc'].items():
                meta['{:s}'.format(misc_name)] = misc_value
        meta.update(img_features)
        if 'agn_light' in cfg.components:
            meta['x_image'] = img_features['x_image'].tolist()
            meta['y_image'] = img_features['y_image'].tolist()
            meta['n_img'] = len(img_features['y_image'])
            meta['magnification'] = img_features['magnification'].tolist()
            meta['measured_magnification'] = img_features['measured_magnification'].tolist()
        meta['img_filename'] = img_filename
        metadata = metadata.append(meta, ignore_index=True)
        # Export metadata.csv for the first time
        if current_idx == 0:
            metadata = metadata.reindex(sorted(metadata.columns), axis=1) # sort columns lexicographically
            metadata.to_csv(metadata_path, index=None) # export to csv
            metadata = pd.DataFrame() # init empty df for next checkpoint chunk
            gc.collect()
        # Export metadata every checkpoint interval
        if (current_idx + 1)%cfg.checkpoint_interval == 0:
            metadata.to_csv(metadata_path, index=None, mode='a', header=None) # export to csv
            metadata = pd.DataFrame() # init empty df for next checkpoint chunk
            gc.collect()
        # Update progress
        current_idx += 1
        pbar.update(1)
    # Export to csv
    metadata.to_csv(metadata_path, index=None, mode='a', header=None)
    pbar.close()

    
if __name__ == '__main__':
    main()




          

      

      

    

  

    
      
          
            
  Source code for baobab.to_hdf5

# -*- coding: utf-8 -*-
"""Converting .npy image files and metadata into HDF5

This script converts the baobab data into the HDF5 format.

Example
-------
To run this script, pass in the baobab out_dir path as the first argument and the framework format as the second, e.g.::

    $ to_hdf5 out_data/tdlmc_train_EmpiricalBNNPrior_seed1113 --format 'tf'

The output file will be named `tdlmc_train_EmpiricalBNNPrior_seed1113.h5` and can be found inside the directory provided as the first argument.

See the demo notebook `demo/Read_hdf5_file.ipynb` for instructions on how to access the datasets in this file.

"""

import os, sys
import numpy as np
import pandas as pd
import argparse
import h5py
from addict import Dict
from tqdm import tqdm

[docs]def parse_args():
    """Parses command-line arguments

    """
    parser = argparse.ArgumentParser()
   
    parser.add_argument('npy_dir', 
                        help='directory containing .npy files and metadata (path of out_dir in the baobab config)')
    parser.add_argument('--format', 
                        default='tf', 
                        dest='format', 
                        type=str,
                        choices=['tf', 'theano'],
                        help='format of image. Default: tf.')
    args = parser.parse_args()
    # sys.argv rerouting for setuptools entry point
    if args is None:
        args = Dict()
        args.npy_dir = sys.argv[0]
        args.format = sys.argv[1]

    #base, ext = os.path.splitext(save_path)
    #if ext.lower() not in ['.h5', '.hdf5']:
    #    raise argparse.ArgumentTypeError('out_filepath must have a valid HDF5 extension.')
    return args


[docs]def main():
    args = parse_args()
    baobab_out_dir = os.path.basename(os.path.normpath(args.npy_dir))
    save_path = os.path.join(args.npy_dir, '{:s}.h5'.format(baobab_out_dir))
    print("Destination path: {:s}".format(save_path))

    metadata_path = os.path.join(args.npy_dir, 'metadata.csv')
    metadata_df = pd.read_csv(metadata_path, index_col=None)

    img_path_list = metadata_df['img_filename'].values
    first_img_filepath = os.path.join(args.npy_dir, img_path_list[0])
    img_shape = np.load(first_img_filepath).shape # image dimensions
    n_x, n_y = img_shape[-2], img_shape[-1]
    n_data, n_cols = metadata_df.shape

    # Initialize hdf5 file
    hdf_file = h5py.File(save_path, mode='w', driver=None)

    # Create dataset for images
    if args.format == 'tf':
        img_shape = (n_x, n_y, 1) # tf data shape
    elif args.format == 'theano':
        img_shape = (1, n_x, n_y) # theano data shape
    else:
        raise NotImplementedError
    
    # Initialize mean and std of images, and quantities required to compute them online
    hdf_file.create_dataset('pixels_mean', img_shape, np.float32)
    hdf_file.create_dataset('pixels_std', img_shape, np.float32)
    mean = np.zeros(img_shape, np.float32)
    std = np.zeros(img_shape, np.float32)
    sum_sq = np.zeros(img_shape, np.float32) 
    ddof = 0 # degree of freedom

    print("Saving images...")
    current_idx = 0 # running idx of dataset
    pbar = tqdm(total=n_data)
    while current_idx < n_data:

        # Read in image
        img_path = os.path.join(args.npy_dir, img_path_list[current_idx])
        img = np.load(img_path).reshape(img_shape)
        # Change axis order for theano
        if format=='theano':
            img = np.rollaxis(img, 2)

        # Populate images dataset
        dataset_name = 'image_{:d}'.format(current_idx)
        hdf_file.create_dataset(dataset_name, img_shape, np.float32)
        hdf_file[dataset_name][...] = img[None]

        # Update running mean and std (Welford's algorithm)
        current_idx += 1        
        delta = img - mean
        mean += delta / current_idx
        sum_sq += delta * (img - mean)

        # Update progress
        pbar.update(1)
    pbar.close()
    # Populate mean, std datasets
    std = np.sqrt(sum_sq / (n_data - ddof))
    hdf_file['pixels_mean'][...] = mean
    hdf_file['pixels_std'][...] = std
    hdf_file.close()

    # Create dataset for metadata df
    metadata_df.to_hdf(save_path, key='metadata', mode='a', format='table')

    # TODO: serialize or subgroup each row so the whole dataframe isn't read into memory

if __name__ == '__main__':
    main()




          

      

      

    

  

    
      
          
            
  Source code for baobab.bnn_priors.base_bnn_prior

from abc import ABC, abstractmethod
import baobab.distributions

[docs]class BaseBNNPrior(ABC):
    """Abstract base class equipped with PDF evaluation and sampling utility functions for various lens/source macromodels

    """
    def __init__(self, bnn_omega, components):
        self.components = components
        for comp in bnn_omega:
            setattr(self, comp, bnn_omega[comp])
        self._set_required_parameters()
        self._define_kwargs_model()

[docs]    def set_params_list(self, params_to_exclude):
        """Set the list of tuples, each tuple specifying the component and parameter name, to be realized independently as well as the list of tuples to be converted from the q, phi convention to the e1, e2 convention

        """
        params_to_realize = []
        for comp in self.components:
            comp_omega = getattr(self, comp).copy()
            profile = comp_omega.pop('profile') # e.g. 'PEMD'
            profile_params = comp_omega.keys()
            for param_name in profile_params:
                if (comp, param_name) not in params_to_exclude:
                    params_to_realize.append((comp, param_name))
        self.params_to_realize = params_to_realize


    def _define_kwargs_model(self):
        """Define the dictionary of profile list for each component

        """
        self.kwargs_model = {'lens_model_list': [self.lens_mass.profile, self.external_shear.profile],
                'source_light_model_list': [self.src_light.profile],
               #'point_source_model_list' : ['LENSED_POSITION']
            }
        if 'lens_light' in self.components:
            self.kwargs_model['lens_light_model_list'] = [self.lens_light.profile]
        if 'agn_light' in self.components:
            self.kwargs_model['point_source_model_list'] = ['SOURCE_POSITION']

[docs]    def set_comps_qphi_to_e1e2(self):
        comps_qphi_to_e1e2 = []
        for comp in self.components:
            comp_omega = getattr(self, comp).copy()
            profile = comp_omega.pop('profile') # e.g. 'PEMD'
            profile_params = comp_omega.keys()
            if ('e1' in self.params[profile]) and ((comp, 'e1') not in self.params_to_realize):
                comps_qphi_to_e1e2.append(comp)
        self.comps_qphi_to_e1e2 = comps_qphi_to_e1e2


    def _set_required_parameters(self):
        """Defines a dictionary of the list of parameters (value) corresponding to each profile (key).

        The parameter names follow the lenstronomy convention.
        The dictionary will be updated as more profiles are supported.

        """
        params = dict(PEMD=['center_x', 'center_y', 'gamma', 'theta_E', 'e1', 'e2'],
                          SHEAR_GAMMA_PSI=['gamma_ext', 'psi_ext'],
                          SERSIC_ELLIPSE=['magnitude', 'center_x', 'center_y', 'n_sersic', 'R_sersic', 'e1', 'e2'],
                          LENSED_POSITION=['magnitude'],
                          SOURCE_POSITION=['ra_source', 'dec_source', 'magnitude'],)
        setattr(self, 'params', params)

    def _raise_config_error(self, missing_key, parent_config_key, bnn_prior_class):
        """Convenience function for raising errors related to config values

        """
        raise ValueError("{:s} must be specified in the config inside {:s} for {:s}".format(missing_key, parent_config_key, bnn_prior_class))

[docs]    def sample_param(self, hyperparams):
        """Assigns a sampling distribution

        """
        hyperparams = hyperparams.copy()
        dist = hyperparams.pop('dist')
        return getattr(baobab.distributions, 'sample_{:s}'.format(dist))(**hyperparams)


[docs]    def eval_param_pdf(self, eval_at, hyperparams):
        """Assigns and evaluates the PDF 

        """
        hyperparams = hyperparams.copy()
        dist = hyperparams.pop('dist')
        return getattr(baobab.distributions, 'eval_{:s}_pdf'.format(dist))(eval_at, **hyperparams)


[docs]    @abstractmethod
    def sample(self):
        """Gets kwargs of sampled parameters to be passed to lenstronomy

        Overridden by subclasses.

        """
        return NotImplemented






          

      

      

    

  

    
      
          
            
  Source code for baobab.bnn_priors.cov_bnn_prior

import numpy as np
from addict import Dict
import lenstronomy.Util.param_util as param_util
from .base_bnn_prior import BaseBNNPrior
from baobab.distributions import sample_multivar_normal

[docs]class CovBNNPrior(BaseBNNPrior):
    """BNN prior with marginally covariant parameters

    Note
    ----
    This BNNPrior is cosmology-agnostic. For a version that's useful for H0 inference, see `CovCosmoBNNPrior`.

    """
    def __init__(self, bnn_omega, components):
        """
        Note
        ----
        The dictionary attributes are copies of the config corresponding to each component.
        The number of attributes depends on the number of components.

        Attributes
        ----------
        components : list
            list of components, e.g. `lens_mass`
        lens_mass : dict
            profile type and parameters of the lens mass
        src_light : dict
            profile type and parameters of the source light
        """
        BaseBNNPrior.__init__(self, bnn_omega, components)
        
        if 'cov_info' not in bnn_omega:
            raise self._raise_config_error('cov_info', 'bnn_omega', cls.__name__)
        self._check_cov_info_validity(bnn_omega['cov_info'])

        self.params_to_exclude = self.cov_info['cov_params_list']
        self.set_params_list(self.params_to_exclude)
        self.set_comps_qphi_to_e1e2()

    def _check_cov_info_validity(self, cov_info):
        """Checks whether the information passed into cov_info is valid.

        """
        n_cov_params = len(cov_info['cov_params_list'])
        cov_omega = cov_info['cov_omega']
        if len(cov_omega['mu']) != n_cov_params:
            raise ValueError("mu value in cov_omega should have same length as number of cov params in cov_params_list, {:d}, but instead found {:d}".format(n_cov_params, len(cov_omega['mu'])))
        if cov_omega['is_log'] is not None:
            if len(cov_omega['is_log']) != n_cov_params:
                raise ValueError("is_log value in cov_omega should have same length as number of cov params in cov_params_list, {:d}, but instead found {:d}".format(n_cov_params, len(cov_omega['is_log'])))
        if not np.array_equal(np.array(cov_omega['cov_mat']).shape, [n_cov_params, n_cov_params]):
            raise ValueError("cov_mat value in cov_omega should have shape [n_cov_params, n_cov_params]")

[docs]    def sample(self):
        """Gets kwargs of sampled parameters to be passed to lenstronomy

        Returns
        -------
        dict
            dictionary of config-specified components (e.g. lens mass), itself
            a dictionary of sampled parameters corresponding to the config-specified
            profile of that component

        """
        # Initialize nested dictionary of kwargs
        kwargs = Dict()

        # Realize samples
        for comp, param_name in self.params_to_realize:
            hyperparams = getattr(self, comp)[param_name].copy()
            kwargs[comp][param_name] = self.sample_param(hyperparams)

        # Fill in sampled values of covariant parameters
        cov_sample = sample_multivar_normal(**self.cov_info['cov_omega'])
        for i, (comp, param_name) in enumerate(self.cov_info['cov_params_list']):
            kwargs[comp][param_name] = cov_sample[i]

        # Convert any q, phi into e1, e2 as required by lenstronomy
        for comp in self.comps_qphi_to_e1e2: # e.g. 'lens_mass'
            q = kwargs[comp].pop('q')
            phi = kwargs[comp].pop('phi')
            e1, e2 = param_util.phi_q2_ellipticity(phi, q)
            kwargs[comp]['e1'] = e1
            kwargs[comp]['e2'] = e2
                
        # Source pos is defined wrt the lens pos
        kwargs['src_light']['center_x'] += kwargs['lens_mass']['center_x']
        kwargs['src_light']['center_y'] += kwargs['lens_mass']['center_y']

        # Ext shear is defined wrt the lens center
        kwargs['external_shear']['ra_0'] = kwargs['lens_mass']['center_x']
        kwargs['external_shear']['dec_0'] = kwargs['lens_mass']['center_y']

        if 'lens_light' in self.components:
            # Lens light shares center with lens mass
            kwargs['lens_light']['center_x'] = kwargs['lens_mass']['center_x']
            kwargs['lens_light']['center_y'] = kwargs['lens_mass']['center_y']
        return kwargs








          

      

      

    

  

    
      
          
            
  Source code for baobab.bnn_priors.diagonal_bnn_prior

from addict import Dict
import lenstronomy.Util.param_util as param_util
from .base_bnn_prior import BaseBNNPrior

[docs]class DiagonalBNNPrior(BaseBNNPrior):
    """BNN prior with independent parameters

    Note
    ----
    This BNNPrior is cosmology-agnostic. For a version that's useful for H0 inference, see `DiagonalCosmoBNNPrior`.

    """
    def __init__(self, bnn_omega, components):
        """
        Note
        ----
        The dictionary attributes are copies of the config corresponding to each component.
        The number of attributes depends on the number of components.

        Attributes
        ----------
        components : list
            list of components, e.g. `lens_mass`
        lens_mass : dict
            profile type and parameters of the lens mass
        src_light : dict
            profile type and parameters of the source light
            
        """
        BaseBNNPrior.__init__(self, bnn_omega, components)
        self.params_to_exclude = []
        self.set_params_list(self.params_to_exclude)
        self.set_comps_qphi_to_e1e2()

[docs]    def sample(self):
        """Gets kwargs of sampled parameters to be passed to lenstronomy

        Returns
        -------
        dict
            dictionary of config-specified components (e.g. lens mass), itself
            a dictionary of sampled parameters corresponding to the config-specified
            profile of that component

        """
        # Initialize nested dictionary of kwargs
        kwargs = Dict()

        # Realize samples
        for comp, param_name in self.params_to_realize:
            hyperparams = getattr(self, comp)[param_name].copy()
            kwargs[comp][param_name] = self.sample_param(hyperparams)

        # Convert any q, phi into e1, e2 as required by lenstronomy
        for comp in self.comps_qphi_to_e1e2: # e.g. 'lens_mass'
            q = kwargs[comp].pop('q')
            phi = kwargs[comp].pop('phi')
            e1, e2 = param_util.phi_q2_ellipticity(phi, q)
            kwargs[comp]['e1'] = e1
            kwargs[comp]['e2'] = e2

        # Source pos is defined wrt the lens pos
        kwargs['src_light']['center_x'] += kwargs['lens_mass']['center_x']
        kwargs['src_light']['center_y'] += kwargs['lens_mass']['center_y']

        # Ext shear is defined wrt the lens center
        kwargs['external_shear']['ra_0'] = kwargs['lens_mass']['center_x']
        kwargs['external_shear']['dec_0'] = kwargs['lens_mass']['center_y']
        
        if 'lens_light' in self.components:
            # Lens light shares center with lens mass
            kwargs['lens_light']['center_x'] = kwargs['lens_mass']['center_x']
            kwargs['lens_light']['center_y'] = kwargs['lens_mass']['center_y']
        return kwargs








          

      

      

    

  

    
      
          
            
  Source code for baobab.bnn_priors.empirical_bnn_prior

import numpy as np
import scipy.stats as stats
import astropy.units as u
from addict import Dict
import lenstronomy.Util.param_util as param_util
from .base_bnn_prior import BaseBNNPrior
from .base_cosmo_bnn_prior import BaseCosmoBNNPrior
from . import kinematics_models, parameter_models

[docs]class EmpiricalBNNPrior(BaseBNNPrior, BaseCosmoBNNPrior):
    """BNN prior that encodes physical correlations between parameters

    """
    def __init__(self, bnn_omega, components):
        """
        Note
        ----
        The dictionary attributes are copies of the config corresponding to each component.
        The number of attributes depends on the number of components.

        Attributes
        ----------
        bnn_omega : dict
            copy of `cfg.bnn_omega`
        components : list
            list of components, e.g. `lens_mass`

        """
        BaseBNNPrior.__init__(self, bnn_omega, components)
        BaseCosmoBNNPrior.__init__(self, bnn_omega)

        self.params_to_exclude = [('lens_mass', 'theta_E'), ('lens_mass', 'gamma'), ('lens_mass', 'q'), ('lens_light', 'magnitude'), ('lens_light', 'R_sersic'), ('lens_light', 'q'),
        ('src_light', 'magnitude'), ('src_light', 'R_sersic'),
        ('agn_light', 'magnitude')
        ]
        self.set_params_list(self.params_to_exclude)
        self.set_comps_qphi_to_e1e2()

        # TODO: AGN parameters are sampled even when it's not rendered on image (not in self.components)
        self._define_kinematics_models(self.kinematics)
        self._define_parameter_models(self.lens_mass, self.lens_light, self.src_light, self.agn_light)

    def _define_kinematics_models(self, kinematics_cfg):
        """Set the empirical models related to the kinematics, based on the config

        Parameters
        ----------
        kinematics_cfg : dict
            Copy of `cfg.bnn_omega.kinematics`

        """
        self.vel_disp_function = getattr(kinematics_models, kinematics_cfg.vel_disp.model)

    def _define_parameter_models(self, lens_mass_cfg, lens_light_cfg, src_light_cfg, agn_light_cfg):
        """Set the empirical models, with which to generate all the training samples,
        based on each component key in `cfg.bnn_omega`

        Parameters
        ----------
        lens_mass_cfg : dict
            Copy of `cfg.bnn_omega.lens_mass`
        lens_light_cfg : dict
            Copy of `cfg.bnn_omega.lens_light`
        src_light_cfg : dict
            Copy of `cfg.bnn_omega.src_light`
        agn_light_cfg : dict
            Copy of `cfg.bnn_omega.agn_light`

        """
        # lens_mass
        self.gamma_model = getattr(parameter_models, lens_mass_cfg.gamma.model)(**lens_mass_cfg.gamma.model_kwargs).get_gamma_from_vel_disp
        self.theta_E_model = getattr(parameter_models, lens_mass_cfg.theta_E.model)
        self.lens_axis_ratio_model = getattr(parameter_models, lens_light_cfg.q.model)(**lens_light_cfg.q.model_kwargs).get_axis_ratio

        # lens_light
        self.lens_luminosity_model = getattr(parameter_models, lens_light_cfg.magnitude.model)(**lens_light_cfg.magnitude.model_kwargs).get_luminosity
        self.lens_light_size_model = getattr(parameter_models, lens_light_cfg.R_sersic.model)(**lens_light_cfg.R_sersic.model_kwargs).get_effective_radius
        #self.lens_axis_ratio_model = getattr(parameter_models, lens_light_cfg.q.model)(**lens_light_cfg.q.model_kwargs).get_axis_ratio

        # src_light
        self.src_luminosity_model = getattr(parameter_models, src_light_cfg.magnitude.model)
        self.src_light_size_model = getattr(parameter_models, src_light_cfg.R_sersic.model)

        # agn_light
        self.agn_luminosity_model = getattr(parameter_models, agn_light_cfg.magnitude.model)(**agn_light_cfg.magnitude.model_kwargs).sample_agn_luminosity

[docs]    def sample_vel_disp(self, vel_disp_cfg):
        """Sample velocity dispersion from the config-specified model,
        on a grid with the range and resolution specified in the config

        Parameters
        ----------
        vel_disp_cfg : dict
            Copy of `cfg.bnn_omega.kinematics.vel_disp`

        Returns
        -------
        float
            a realization of velocity dispersion

        """
        vel_disp_grid = np.arange(**vel_disp_cfg.grid)
        dn = self.vel_disp_function(vel_disp_grid)
        dn_normed = dn/np.sum(dn)
        sampled_vel_disp = np.random.choice(vel_disp_grid, None, replace=True, p=dn_normed)
        return sampled_vel_disp


[docs]    def get_lens_absolute_magnitude(self, vel_disp):
        """Get the lens absolute magnitude from the Faber-Jackson relation
        given the realized velocity dispersion, with some scatter

        Parameters
        ----------
        vel_disp : float
            the velocity dispersion in km/s

        Returns
        -------
        float
            the V-band absolute magnitude

        """
        log_L_V = self.lens_luminosity_model(vel_disp)
        M_V_sol = 4.84
        M_V = -2.5 * log_L_V + M_V_sol
        return M_V        


[docs]    def get_lens_apparent_magnitude(self, M_lens, z_lens):
        """Get the lens apparent magnitude from the Faber-Jackson relation
        given the realized velocity dispersion, with some scatter

        Parameters
        ----------
        M_lens : float
            the V-band absolute magnitude of lens
        z_lens : float
            the lens redshift

        Note
        ----
        Does not account for peculiar velocity or dust. K-correction is approximate and implicit,
        as the absolute magnitude is in the V-band (480nm ~ 650nm) and, for z ~ 2-3, this portion 
        of the SED roughly lands in the IR.

        Returns
        -------
        float
            the apparent magnitude in the IR

        """
        # FIXME: I could grab some template SEDs and K-correct explicitly, accounting for band throughput
        # for IR WF F140W. Should I do this?
        dist_mod = self.cosmo.distmod(z_lens).value
        # FIXME: Enter good model for dust?
        A_V = 0.0 # V-band dust attenuation along LOS
        apmag = M_lens + dist_mod - A_V
        return apmag


[docs]    def get_lens_size(self, vel_disp, z_lens, m_V):
        """Get the lens V-band efefctive radius from the Fundamental Plane relation
        given the realized velocity dispersion and apparent magnitude, with some scatter

        Parameters
        ----------
        vel_disp : float
            the velocity dispersion in km/s
        z_lens : float
            redshift
        m_V : float
            V-band apparent magnitude

        Returns
        -------
        tuple
            the effective radius in kpc and arcsec

        """
        R_eff = self.lens_light_size_model(vel_disp, m_V) # in kpc
        r_eff = R_eff * self.cosmo.arcsec_per_kpc_comoving(z_lens).value # in arcsec
        return R_eff, r_eff


[docs]    def get_src_absolute_magnitude(self, z_src):
        """Sample the UV absolute magnitude from the luminosity function for the given redshift
        and convert into apparent magnitude

        Parameters
        ----------
        z_src : float
            the source redshift

        Returns
        -------
        float
            the absolute magnitude at 1500A

        """
        M_grid = np.arange(-23.0, -17.8, 0.2)
        nM_dM1500 = self.src_luminosity_model(z_src, M_grid)
        nM_dM1500_normed = nM_dM1500/np.sum(nM_dM1500)
        M1500_src = np.random.choice(M_grid, None, replace=True, p=nM_dM1500_normed)
        return M1500_src


[docs]    def get_src_apparent_magnitude(self, M_src, z_src):
        """Convert the souce absolute magnitude into apparent magnitude

        Parameters
        ----------
        M_src : float
            the source absolute magnitude
        z_src : float
            the source redshift

        Note
        ----
        Does not account for peculiar velocity or dust. K-correction is approximate and implicit,
        as the absolute magnitude is at 150nm and, for z ~ 5-9, this portion 
        of the SED roughly lands in the IR.

        Returns
        -------
        float
            the apparent magnitude in the IR

        """
        dust = 0.0
        dist_mod = self.cosmo.distmod(z_src).value
        m_src = M_src + dist_mod - dust
        return m_src


[docs]    def get_src_size(self, z_src, M_V_src):
        """Get the effective radius of the source from its empirical relation with V-band absolute
        magnitude and redshift

        Parameters
        ----------
        M_V_src : float
            V-band absolute magnitude of the source
        z_src : float
            source redshift

        Returns
        -------
        tuple
            tuple of the effective radius in kpc and arcsec

        """
        R_eff = self.src_light_size_model(z_src, M_V_src)
        r_eff = R_eff * self.cosmo.arcsec_per_kpc_comoving(z_src).value # in arcsec
        return R_eff, r_eff


[docs]    def get_agn_absolute_magnitude(self, z_src):
        """Get the AGN absolute magnitude at 1450A, sampled from the luminosity function for its redshift bin

        Parameters
        ----------
        z_src : float
            the AGN redshift

        Returns
        -------
        float
            AGN absolute magnitude at 1450A

        """
        M_agn = self.agn_luminosity_model(z_src)
        return M_agn


[docs]    def sample(self):
        """Gets kwargs of sampled parameters to be passed to lenstronomy

        Returns
        -------
        dict
            dictionary of config-specified components (e.g. lens mass), itself
            a dictionary of sampled parameters corresponding to the config-specified
            profile of that component

        """
        kwargs = Dict()
        # Sample redshifts
        z_lens, z_src = self.sample_redshifts(redshifts_cfg=self.redshift)
        # Sample velocity dispersion
        vel_disp_iso = self.sample_vel_disp(vel_disp_cfg=self.kinematics.vel_disp)
        # Sample lens_mass and lens_light parameters
        abmag_lens = self.get_lens_absolute_magnitude(vel_disp_iso)
        apmag_lens = self.get_lens_apparent_magnitude(abmag_lens, z_lens)
        theta_E = self.theta_E_model(vel_disp_iso, z_lens, z_src, self.cosmo)
        R_eff_lens, r_eff_lens = self.get_lens_size(vel_disp_iso, z_lens, apmag_lens)
        gamma = self.gamma_model(R_eff_lens)
        kwargs['lens_mass'] = dict(
                                   theta_E=theta_E,
                                   gamma=gamma,
                                   q=self.lens_axis_ratio_model(vel_disp_iso),
                                   )
        kwargs['lens_light'] = dict(
                                    magnitude=apmag_lens,
                                    R_sersic=r_eff_lens,
                                    q=self.lens_axis_ratio_model(vel_disp_iso),
                                    )
        kwargs['external_shear'] = {}

        # Sample src_light parameters
        abmag_src = self.get_src_absolute_magnitude(z_src)
        apmag_src = self.get_src_apparent_magnitude(abmag_src, z_src)
        R_eff_src, r_eff_src = self.get_src_size(z_src, abmag_src)
        kwargs['src_light'] = dict(
                                   magnitude=apmag_src,
                                   R_sersic=r_eff_src,
                                   )

        # Sample AGN_light parameters
        if 'agn_light' in self.components:
            abmag_agn = self.get_agn_absolute_magnitude(z_src)
            apmag_agn = self.get_src_apparent_magnitude(abmag_agn, z_src) 
            kwargs['agn_light'] = dict(
                                       magnitude=apmag_agn,
                                       )

        # Miscellaneous other parameters to export
        kwargs['misc'] = dict(
                              z_lens=z_lens,
                              z_src=z_src,
                              vel_disp_iso=vel_disp_iso,
                              lens_light_R_eff=R_eff_lens,
                              src_light_R_eff=R_eff_src,
                              lens_light_abmag=abmag_lens,
                              src_light_abmag=abmag_src,
                              )

        # Sample remaining parameters, not constrained by the above empirical relations,
        # independently from their (marginally) diagonal BNN prior
        for comp, param_name in self.params_to_realize:
            hyperparams = getattr(self, comp)[param_name].copy()
            kwargs[comp][param_name] = self.sample_param(hyperparams)

        # Convert any q, phi into e1, e2 as required by lenstronomy
        for comp in self.comps_qphi_to_e1e2: # e.g. 'lens_mass'
            q = kwargs[comp].pop('q')
            phi = kwargs[comp].pop('phi')
            e1, e2 = param_util.phi_q2_ellipticity(phi, q)
            kwargs[comp]['e1'] = e1
            kwargs[comp]['e2'] = e2

        # Source pos is defined wrt the lens pos
        kwargs['src_light']['center_x'] += kwargs['lens_mass']['center_x']
        kwargs['src_light']['center_y'] += kwargs['lens_mass']['center_y']

        # Ext shear is defined wrt the lens center
        kwargs['external_shear']['ra_0'] = kwargs['lens_mass']['center_x']
        kwargs['external_shear']['dec_0'] = kwargs['lens_mass']['center_y']

        if 'lens_light' in self.components:
            # Lens light shares center with lens mass
            kwargs['lens_light']['center_x'] = kwargs['lens_mass']['center_x']
            kwargs['lens_light']['center_y'] = kwargs['lens_mass']['center_y']

        return kwargs






          

      

      

    

  

    
      
          
            
  Source code for baobab.bnn_priors.kinematics_models

import numpy as np

[docs]def vel_disp_function_CPV2007(vel_disp_grid):
    """Evaluate the velocity dispersion function from the fit on SDSS DR6
    by [1]_ on a provided grid and normalizes the result to unity, so it can 
    be used as a PMF from which to draw the velocity dispersion.

    Parameters
    ----------
    vel_disp_grid : array-like
        a grid of velocity dispersion values in km/s

    Note
    ----
    The returned array is normalized to unity and we treat it as a PMF from which to sample
    the velocity dispersion. We also use the exact fit values also used in LensPop ([2]_).

    References
    ----------
    .. [1] Choi, Yun-Young, Changbom Park, and Michael S. Vogeley. "Internal and collective properties of galaxies in the Sloan Digital Sky Survey." The Astrophysical Journal 658.2 (2007): 884.

    .. [2] Collett, Thomas E. "The population of galaxy–galaxy strong lenses in forthcoming optical imaging surveys." The Astrophysical Journal 811.1 (2015): 20.

    Returns
    -------
    array-like, same shape as `vel_disp_grid`
        the velocity dispersion function evaluated at `vel_disp_grid`
    
    """
    #h = true_H0/100.0
    #phi_star = 8.0*1.e-3
    sig_star = 161.0 # km/s
    alpha = 2.32
    beta = 2.67
    #beta_over_gamma = 2.43827086163172 # beta/gamma(alpha/beta) for alpha=2.32, beta=2.67
    dn = (vel_disp_grid/sig_star)**alpha
    dn *= np.exp(-(vel_disp_grid/sig_star)**beta)
    #dn *= beta_over_gamma
    dn *= 1.0/vel_disp_grid
    #dn *= phi_star * h**3.0
    return dn





          

      

      

    

  

    
      
          
            
  Source code for baobab.bnn_priors.parameter_models

import numpy as np
from scipy.special import gamma
import astropy.units as u
from lenstronomy.Cosmo.lens_cosmo import LensCosmo

__all__ = ['approximate_theta_E_for_SIS', 'FaberJackson', 'FundamentalPlane', 'FundamentalMassHyperplane', 'AxisRatioRayleigh', 'redshift_binned_luminosity_function', 'size_from_luminosity_and_redshift_relation', 'AGNLuminosityFunction']

[docs]def approximate_theta_E_for_SIS(vel_disp_iso, z_lens, z_src, cosmo):
    r"""Compute the Einstein radius for a given isotropic velocity dispersion
    assuming a singular isothermal sphere (SIS) mass profile

    Parameters
    ----------
    vel_disp_iso : float 
        isotropic velocity dispersion, or an approximation to it, in km/s
    z_lens : float
        the lens redshift
    z_src : float
        the source redshift
    cosmo : astropy.cosmology object
    	the cosmology

    Note
    ----
    The computation is purely analytic.

    .. math::\theta_E = 4 \pi \frac{\sigma_V^2}{c^2} \frac{D_{ls}}{D_s}

    Returns
    -------
    float
        the Einstein radius for an SIS in arcsec

    """
    lens_cosmo = LensCosmo(z_lens, z_src, cosmo=cosmo)
    theta_E_SIS = lens_cosmo.sis_sigma_v2theta_E(vel_disp_iso)
    return theta_E_SIS


[docs]class FaberJackson:
	"""Represents the Faber-Jackson (FJ) relation between velocity dispersion and luminosity
	of elliptical galaxies.

	FJ is a projection of the Fundamental Plane (FP) relation.

	"""
	def __init__(self, slope=None, intercept=None, fit_data=None):
		"""
		Parameters
		----------
		slope : float
			linear slope of the log(L_V/L_solar) vs. log(vel_disp/(km/s)) relation
		intercept : float
			intercept of the log(L_V/L_solar) vs. log(vel_disp/(km/s)) relation, i.e.
			the value of log(L_V/L_solar) at vel_disp = 1 km/s.
		fit_data : float
			sample on which the slope and intercept were fit (one of ['ETGS']). Default: None

		"""
		if fit_data is None and (slope is None or intercept is None):
			raise ValueError("Either all the fit parameters or fit_data must be specified.")
		if not (fit_data is None or slope is None or intercept is None):
			raise ValueError("Cannot specify fit parameters when fit_data is specified.")

		self.slope = slope
		self.intercept = intercept
		if fit_data == 'ETGs':
			self._define_ETG_fit_params()
		else:
			raise NotImplementedError

	def _define_ETG_fit_params(self):
		"""Set the slope and intercept values fit on a sample of ETGs

		Note
		----
		The slope and intercept were read off from Fig 7 of [1]_.
		Values binned by magnitudes are available in [2]_.

		References
		----------
		.. [1] D’Onofrio, Mauro, et al. "On the Origin of the Fundamental Plane and Faber–Jackson Relations: Implications for the Star Formation Problem." The Astrophysical Journal 838.2 (2017): 163.

		.. [2] Nigoche-Netro, A., et al. "The Faber-Jackson relation for early-type galaxies: dependence on the magnitude range." Astronomy & Astrophysics 516 (2010): A96.

		"""
		self.slope = 2.0
		self.intercept = 5.8   

[docs]	def get_luminosity(self, vel_disp):
		"""Evaluate the V-band luminosity L_V expected from the FJ relation
		for a given velocity dispersion

		Parameters
		----------
		vel_disp : float
			the velocity dispersion in km/s

		Returns
		-------
		float
			log(L_V/L_solar)

		"""
		log_L_V = self.slope*np.log10(vel_disp) + self.intercept
		return log_L_V



[docs]class FundamentalPlane:
	"""Represents the Fundamental Plane (FP) relation between the velocity dispersion,
	luminosity, and effective radius for elliptical galaxies

	Luminosity is expressed as apparent magnitude in this form.

	"""
	def __init__(self, a=None, b=None, c=None, intrinsic_scatter=0.0, fit_data=None):
		"""
		Parameters
		----------
		a : float
			linear slope on the log velocity dispersion, log(vel_disp/(km/s))
		b : float
			linear slope on the V-band apparent magnitude, or m_V/mag
		c : float
			intercept, i.e. the log effective radius, or log(R_eff/kpc), when vel_disp = m_V = 0
		fit_data : str
			sample on which a, b, c were fit (one of ['SDSS']). Default: None

		"""
		if fit_data is None and (a is None or b is None or c is None):
			raise ValueError("Either all the fit parameters or fit_data must be specified.")
		if not (fit_data is None or a is None or b is None or c is None):
			raise ValueError("Cannot specify fit parameters when fit_data is specified.")

		self.a = a
		self.b = b
		self.c = c
		self.intrinsic_scatter = 0.0

		if fit_data == 'SDSS':
			self._define_SDSS_fit_params()
		else:
			raise NotImplementedError

	def _define_SDSS_fit_params(self):
		"""Set the parameters fit on SDSS DR4

		Note
		----
		The values of slope and intercept are taken from the r-band orthogonal fit
		on SDSS DR4. See Table 2 of [1]_.
		
		References
		----------
		.. [1] Hyde, Joseph B., and Mariangela Bernardi. 
		"The luminosity and stellar mass Fundamental Plane of early-type galaxies." 
		Monthly Notices of the Royal Astronomical Society 396.2 (2009): 1171-1185.

		"""
		self.a = 1.4335
		self.b = 0.3150 
		self.c = -8.8979
		self.intrinsic_scatter = 0.0578
		#self.delta_a = 0.02
		#self.delta_b = 0.01

[docs]	def get_effective_radius(self, vel_disp, m_V):
		"""Evaluate the size expected from the FP relation
		for a given velocity dispersion and V-band apparent magnitude

		Parameters
		----------
		vel_disp : float
			the velocity dispersion in km/s
		m_V : float
			the apparent V-band magnitude

		Returns
		-------
		float
			the effective radius in kpc

		"""
		log_vel_disp = np.log10(vel_disp)
		log_R_eff = self.a*log_vel_disp + self.b*m_V + self.c + np.random.randn()*self.intrinsic_scatter
		R_eff = 10**log_R_eff
		return R_eff



[docs]class FundamentalMassHyperplane:
	"""Represents bivariate relations (projections) within the Fundamental Mass Hyperplane (FMHP) relation 
	between the stellar mass, stellar mass density, effective radius, and velocity dispersion of massive ETGs.

	Only the relation between the power-law mass slope (gamma) and effective radius is currently supported.

	"""
	def __init__(self, a=None, b=None, intrinsic_scatter=0.0, fit_data=None):
		"""
		Parameters
		----------
		a : float
		the linear slope of the log(gamma) vs. log(R_eff/kpc) relation
		b : float
			the intercept of the log(gamma) vs. log(R_eff/kpc) relation, i.e.
			the value of log(gamma) at R_eff = 1 kpc
		intrinsic_scatter : float
			1-sigma intrinsic scatter, i.e. error on the log(R_eff/kpc) measurements. Default: 0
		fit_data : str
			sample on which a, b were fit (one of ['SLACS']). Default: None

		"""
		if fit_data is None and (a is None or b is None):
			raise ValueError("Either all the fit parameters or fit_data must be specified.")
		if not (fit_data is None or a is None or b is None):
			raise ValueError("Cannot specify fit parameters when fit_data is specified.")

		self.a = a
		self.b = b
		self.intrinsic_scatter = intrinsic_scatter

		if fit_data == 'SLACS':
			self._define_SLACS_fit_params()
		else:
			raise NotImplementedError

	def _define_SLACS_fit_params(self):
		"""Set the parameters fit on the Sloan Lens Arcs Survey (SLACS) sample of 73 ETGs

		Note
		----
		See Table 4 of [1]_ for the fit values, taken from the empirical correlation derived 
		from the SLACS lens galaxy sample.

		References
		----------
		.. [1] Auger, M. W., et al. "The Sloan Lens ACS Survey. X. Stellar, dynamical, and total mass correlations of massive early-type galaxies." The Astrophysical Journal 724.1 (2010): 511.

		"""
		# Fit params from R_eff
		self.a = -0.41
		self.b = 0.39
		#self.delta_a = 0.12
		#self.delta_b = 0.10
		self.intrinsic_scatter = 0.14
		# Fit params from vel_disp
		self.a_v = 0.07
		self.b_v = -0.12
		self.int_v = 0.17

[docs]	def get_gamma_from_R_eff(self, R_eff):
		"""Evaluate the power-law slope of the mass profile from its power-law relation with effective radius

		Parameters
		----------
		R_eff : float
			the effective radius in kpc

		Returns
		-------
		float
			the power-law slope, gamma

		"""
		log_R_eff = np.log10(R_eff)
		gam_minus_2 = log_R_eff*self.a + self.b + np.random.randn()*self.intrinsic_scatter
		return gam_minus_2 + 2.0


[docs]	def get_gamma_from_vel_disp(self, vel_disp):
		"""Evaluate the power-law slope of the mass profile from its power-law relation with effective radius

		Parameters
		----------
		vel_disp : float
			the velocity dispersion in km/s

		Returns
		-------
		float
			the power-law slope, gamma

		"""
		gam_minus_2 = vel_disp*self.a_v + self.b_v + np.random.randn()*self.int_v
		return gam_minus_2 + 2.0



[docs]class AxisRatioRayleigh:
	"""Represents various scaling relations that the axis ratio can follow with 
	quantities like velocity dispersion, when its PDF is assumed to be a Rayleigh distribution

	Only the relation with velocity dispersion is currently supported.

	"""
	def __init__(self, a=None, b=None, lower=0.2, fit_data=None):
		"""
		Parameters
		----------
		a : float
			linear slope of the scale vs. velocity dispersion relation, in (km/s)^-1, i.e.
			how much the velocity dispersion contributes to average flattening 
		b : float
			intercept of the scale vs. velocity dispersion relation, i.e.
			the mean flattening independent of velocity dispersion
		lower : float
			minimum allowed value of the axis ratio. Default: 0.2
		fit_data : str
			sample on which a, b were fit (one of ['SDSS']). Default: None

		"""
		if fit_data is None and (a is None or b is None):
			raise ValueError("Either all the fit parameters or fit_data must be specified.")
		if not (fit_data is None or a is None or b is None):
			raise ValueError("Cannot specify fit parameters when fit_data is specified.")

		self.a = a
		self.b = b
		self.lower = lower

		if fit_data == 'SDSS':
			self._define_SDSS_fit_params()
		else:
			raise NotImplementedError

	def _define_SDSS_fit_params(self):
		"""Set the parameters fit on the SDSS data

		Note
		----
		The shape of the distribution arises because more massive galaxies are closer to spherical than 
		less massive ones. The truncation excludes highly-flattened profiles. 
		The default fit values have been derived by [1]_ from the SDSS data. 

		References
		----------
		.. [1] Collett, Thomas E. "The population of galaxy–galaxy strong lenses in forthcoming optical imaging surveys." The Astrophysical Journal 811.1 (2015): 20.

		"""
		self.a = 5.7*1.e-4
		self.b = 0.38
		self.lower = 0.2

[docs]	def get_axis_ratio(self, vel_disp):
		"""Sample (one minus) the axis ratio of the lens galaxy from the Rayleigh distribution with scale
		that depends on velocity dispersion

		Parameters
		----------
		vel_disp : float
			velocity dispersion in km/s

		Returns
		-------
		float
			the axis ratio q

		"""
		scale = self.a*vel_disp + self.b
		q = 0.0
		while q < self.lower:
			q = 1.0 - np.random.rayleigh(scale, size=None)
		return q



[docs]def redshift_binned_luminosity_function(z, M_grid):
	"""Sample FUV absolute magnitude from the redshift-binned luminosity function

	Parameters
	----------
	z : float
		galaxy redshift
	M_grid : array-like
		grid of FUV absolute magnitudes at which to evaluate luminosity function

	Note
	----
	For z < 4, we use the Schechter function fits in Table 1 of [1]_ and,
	for 4 < z < 8, those in Table 4 of [2]_.
	z > 8 are binned into the z=8 bin. I might add high-redshift models, e.g. from [3]_.

	References
	----------
	.. [1] Arnouts, Stephane, et al. "The GALEX VIMOS-VLT Deep Survey* Measurement of the Evolution of the 1500 Å Luminosity Function." The Astrophysical Journal Letters 619.1 (2005): L43.

	.. [2] Finkelstein, Steven L., et al. "The evolution of the galaxy rest-frame ultraviolet luminosity function over the first two billion years." The Astrophysical Journal 810.1 (2015): 71.

	.. [3] Kawamata, Ryota, et al. "Size–Luminosity Relations and UV Luminosity Functions at z= 6–9 Simultaneously Derived from the Complete Hubble Frontier Fields Data." The Astrophysical Journal 855.1 (2018): 4.

	Returns
	-------
	array-like
		unnormalized function of the absolute magnitude at 1500A

	"""
	#prefactor = np.log(10)*phi_star # just normalization
	# Define redshift bins by right edge of bin
	z_bins = np.array([0.2, 0.4, 0.6, 0.8, 1.2, 2.25, 3.4, 4.5, 5.5, 6.5, 7.5, np.inf])
	alphas = np.array([-1.21, -1.19, -1.55, -1.60, -1.63, -1.49, -1.47, -1.56, -1.67, -2.02, -2.03, -2.36])
	M_stars = np.array([-18.05, -18.38, -19.49, -19.84, -20.11, -20.33, -21.08, -20.73, -20.81, -21.13, -21.03, -20.89])
	alpha = alphas[z < z_bins][0]
	M_star = M_stars[z < z_bins][0]

	# Note phi_star is ignored as normalization
	# Schechter kernel
	exponent = 10.0**(0.4*(M_star - M_grid))
	density = np.exp(-exponent) * exponent**(alpha + 1.0)
	return density


[docs]def size_from_luminosity_and_redshift_relation(z, M_V):
	"""Sample the effective radius of Lyman break galaxies from the relation with luminosity and redshift

	Parameters
	----------
	z : float
		galaxy redshift
	M_V : float
		V-band absolute magnitude

	Note
	----
	The relation and scatter agree with [1]_ and [2]_, which both show that size decreases
	with higher redshift. They have been used in LensPop ([3]_) for source galaxies.

	References
	----------
	.. [1] Mosleh, Moein, et al. "The evolution of mass-size relation for Lyman break galaxies from z= 1 to z= 7." 	The Astrophysical Journal Letters 756.1 (2012): L12.

	.. [2] Huang, Kuang-Han, et al. "The bivariate size-luminosity relations for Lyman break galaxies at z∼ 4-5." The Astrophysical Journal 765.1 (2013): 68.

	.. [3] Collett, Thomas E. "The population of galaxy–galaxy strong lenses in forthcoming optical imaging surveys." The Astrophysical Journal 811.1 (2015): 20.

	Returns
	-------
	float
		a sampled effective radius in kpc

	"""
	log_R_eff = (M_V/-19.5)**-0.22 * ((1.0 + z)/5.0)**-1.2
	scatter = np.random.randn()*0.3
	log_R_eff += scatter
	R_eff = 10.0**log_R_eff
	return R_eff


[docs]class AGNLuminosityFunction:
	"""Redshift-binned AGN luminosity function parameterized as a double power-law

	"""

	def __init__(self, M_grid, z_bins=None, alphas=None, betas=None, M_stars=None, fit_data=None):
		"""
		Parameters
		----------
		M_grid : array-like
			grid of absolute magnitude at 1450A on which to evaluate the luminosity function
		z_bins : array-like
			redshift bins defined by their right edges. Default: None
		alphas : array-like, same shape as `z_bins`
			fits to alpha (bright-end slope of the double power-law luminosity function) corresponding element-wise to the `z_bins`. Default: None
		betas : array-like, same shape as `z_bins`
			fits to beta (faint-end slope of the double power-law luminosity function) corresponding element-wise to the `z_bins`. Default: None
		M_stars : array-like, same shape as `z_bins`
			fits to M_star (break magnitude) corresponding element-wise to the `z_bins`. Default: None
		fit_data : str
			sample on which alphas, betas, and M_stars were fit (one of ['combined']). Default: None

		"""
		if fit_data is None and (z_bins is None or alphas is None or betas is None or M_stars is None):
			raise ValueError("Either all the fit parameters or fit_data must be specified.")
		if not (fit_data is None or alphas is None or betas is None or M_stars is None):
			raise ValueError("Cannot specify fit parameters when fit_data is specified.")

		self.M_grid = M_grid
		self.z_bins = z_bins
		self.alphas = alphas
		self.betas = betas
		self.M_stars = M_stars

		if fit_data == 'combined':
			self._define_combined_fit_params()
		else:
			raise NotImplementedError

		n_bins = len(self.z_bins)
		if len(self.alphas) != n_bins:
			raise ValueError("z_bins and alphas should have the same length.")
		if len(self.betas) != n_bins:
			raise ValueError("z_bins and betas should have the same length.")
		if len(self.M_stars) != n_bins:
			raise ValueError("z_bins and M_stars should have the same length.")


	def _define_combined_fit_params(self):
		r"""Set the parameters fit on the combined sample of more than >80,000 color-selected AGN from ~14 datasets

		Note
		----
		The joint fit was done by [1]_ on the double power-law quasar luminosity function, e.g. [2]_. Note that the normalization (:math:`\phi^*`) is ignored because the luminosity function evaluated at the redshift bins is only used as a PMF from which to sample the luminosities, i.e. it's normalized to unity anyway.

		References
		----------
		.. [1] Kulkarni, Girish, Gábor Worseck, and Joseph F. Hennawi. "Evolution of the AGN UV luminosity function from redshift 7.5." Monthly Notices of the Royal Astronomical Society 488.1 (2019): 1035-1065.

		.. [2] Boyle, Brian John, et al. "The 2dF QSO Redshift Survey—I. The optical luminosity function of quasi-stellar objects." Monthly Notices of the Royal Astronomical Society 317.4 (2000): 1014-1022.

		"""
		self.z_bins = np.array([0.40, 0.60, 0.80, 1.00, 1.20,
		                       1.40, 1.60, 1.80, 2.20, 2.40, 
		                       2.50, 2.60, 2.70, 2.80, 2.90,
		                       3.00, 3.10, 3.20, 3.30, 3.40,
		                       3.50, 4.10, 4.70, 5.50, np.inf])
		self.alphas = -np.array([2.74, 3.49, 3.55, 3.69, 4.24,
		                        4.02, 4.35, 3.94, 4.26, 3.34,
		                        3.61, 3.31, 3.13, 3.78, 3.61, 
		                        5.01, 4.72, 4.39, 4.39, 4.76, 
		                        3.72, 4.84, 4.19, 4.55, 5.00])
		self.betas = -np.array([1.07, 1.55, 1.89, 1.88, 1.84, 
		                       1.88, 1.87, 1.69, 1.98, 1.61, 
		                       1.60, 1.38, 1.05, 1.34, 1.46, 
		                       1.71, 1.70, 1.96, 1.93, 2.08, 
		                       1.25, 2.07, 2.20, 2.31, 2.40])
		self.M_stars = -np.array([21.30, 23.38, 24.21, 24.60, 25.24,
		                         25.41, 25.77, 25.56, 26.35, 25.50,
		                         25.86, 25.33, 25.16, 25.94, 26.22,
		                         26.52, 26.48, 27.10, 27.19, 27.39,
		                         26.65, 27.26, 27.37, 27.89, 29.19])

[docs]	def get_double_power_law(self, alpha, beta, M_star):
		"""Evaluate the double power law at the given grid of absolute magnitudes

		Parameters
		----------
		alpha : float
			bright-end slope of the double power-law luminosity function
		beta : float
			faint-end slope of the double power-law luminosity function
		M_star : float
			break magnitude

		Note
		----
		Returned luminosity function is normalized to unity. See Note under `slope of the double power-law luminosity function`.

		Returns
		-------
		array-like
			the luminosity function evaluated at `self.M_grid` and normalized to unity

		"""
		denom = 10.0**(0.4*(alpha + 1.0)*(self.M_grid - M_star))
		denom += 10.0**(0.4*(beta + 1.0)*(self.M_grid - M_star))
		dn = 1.0/denom
		dn /= np.sum(dn)
		return dn


[docs]	def sample_agn_luminosity(self, z):
		"""Sample the AGN luminosity from the redshift-binned luminosity function

		Parameters
		----------
		z : float
			the AGN redshift

		Returns
		-------
		float
			sampled AGN luminosity at 1450A in mag
		
		"""
		# Assign redshift bin
		is_less_than_right_edge = (z < self.z_bins)
		alpha = self.alphas[is_less_than_right_edge][0]
		beta = self.betas[is_less_than_right_edge][0]
		M_star = self.M_stars[is_less_than_right_edge][0]

		# Evaluate function
		pmf = self.get_double_power_law(alpha, beta, M_star)

		# Sample luminosity
		sampled_M = np.random.choice(self.M_grid, None, replace=True, p=pmf)
		return sampled_M






          

      

      

    

  

    
      
          
            
  Source code for baobab.configs.parser

import os, sys
from datetime import datetime
import warnings
from importlib import import_module
from addict import Dict
import json
from collections import OrderedDict 
import lenstronomy.SimulationAPI.ObservationConfig as obs_cfg

[docs]class BaobabConfig:
    """Nested dictionary representing the configuration for Baobab data generation
    
    """
    def __init__(self, user_cfg):
        """
        Parameters
        ----------
        user_cfg : dict or Dict
            user-defined configuration
        
        """
        self.__dict__ = Dict(user_cfg)
        if not hasattr(self, 'out_dir'):
            # Default out_dir path if not specified
            self.out_dir = os.path.join(self.destination_dir, '{:s}_{:s}_prior={:s}_seed={:d}'.format(self.name, self.train_vs_val, self.bnn_prior_class, self.seed))
        self.out_dir = os.path.abspath(self.out_dir)
        if not hasattr(self, 'checkpoint_interval'):
            self.checkpoint_interval = max(100, self.n_data // 100)
        self.get_survey_info(self.survey_info, self.psf.type)
        self.interpret_magnification_cfg()
        self.interpret_kinematics_cfg()
        self.log_filename = datetime.now().strftime("log_%m-%d-%Y_%H:%M_baobab.json")
        self.log_path = os.path.join(self.out_dir, self.log_filename)

[docs]    @classmethod
    def from_file(cls, user_cfg_path):
        """Alternative constructor that accepts the path to the user-defined configuration python file
        Parameters
        ----------
        user_cfg_path : str or os.path object
            path to the user-defined configuration python file
        """
        dirname, filename = os.path.split(os.path.abspath(user_cfg_path))
        module_name, ext = os.path.splitext(filename)
        sys.path.insert(0, dirname)
        if ext == '.py':
            #user_cfg_file = map(__import__, module_name)
            #user_cfg = getattr(user_cfg_file, 'cfg')
            user_cfg_script = import_module(module_name)
            user_cfg = getattr(user_cfg_script, 'cfg').deepcopy()
            return cls(user_cfg)
        elif ext == '.json':
            with open(user_cfg_path, 'r') as f:
                user_cfg_str = f.read()
            user_cfg = Dict(json.loads(user_cfg_str)).deepcopy()
            return cls(user_cfg)
        else:
            raise NotImplementedError("This extension is not supported.")


[docs]    def export_log(self):
        """Export the baobab log to the current working directory

        """
        with open(self.log_path, 'w') as f:
            json.dump(self.__dict__, f)
            print("Exporting baobab log to {:s}".format(self.log_path))


[docs]    def interpret_magnification_cfg(self):
        if 'agn_light' not in self.components:
            if len(self.bnn_omega.magnification.frac_error_sigma) != 0: # non-empty dictionary
                warnings.warn("`bnn_omega.magnification.frac_error_sigma` field is ignored as the images do not contain AGN.")
                self.bnn_omega.magnification.frac_error_sigma = 0.0
        else:
            if 'magnification' not in self.bnn_omega:
                self.bnn_omega.magnification.frac_error_sigma = 0.0
            elif self.bnn_omega.magnification is None:
                self.bnn_omega.magnification.frac_error_sigma = 0.0
            
        if ('magnification' not in self.bnn_omega) and 'agn_light' in self.components:
            self.bnn_omega.magnification.frac_error_sigma = 0.0


[docs]    def interpret_kinematics_cfg(self):
        """Validate the kinematics config

        """
        kinematics_cfg = self.bnn_omega.kinematics_cfg
        if kinematics_cfg.anisotropy_model == 'analytic':
            warnings.warn("Since velocity dispersion computation is analytic, any entry other than `sampling_number` in `kinematics.numerics_kwargs` will be ignored.")


[docs]    def get_survey_info(self, survey_info, psf_type):
        """Fetch the camera and instrument information corresponding to the survey string identifier

        """
        sys.path.insert(0, obs_cfg.__path__[0])
        survey_module = import_module(survey_info['survey_name'])
        survey_class = getattr(survey_module, survey_info['survey_name'])
        coadd_years = survey_info['coadd_years'] if 'coadd_years' in survey_info else None

        self.survey_object_dict = OrderedDict()
        for bp in survey_info['bandpass_list']:
            survey_object = survey_class(band=bp, psf_type=psf_type, coadd_years=coadd_years)
            # Overwrite ObservationConfig PSF type with user-configured PSF type
            if hasattr(self, 'psf'):
                survey_object.obs['psf_type'] = self.psf.type
            if survey_object.obs['psf_type'] == 'PIXEL':
                if hasattr(self, 'psf'):
                    if hasattr(self.psf, 'psf_kernel_size'):
                        survey_object.psf_kernel_size = self.psf.kernel_size
                    else:
                        raise ValueError("Observation dictionary must specify PSF kernel size if psf_type is PIXEL.")
                    if hasattr(self.psf, 'which_psf_maps'):
                        survey_object.which_psf_maps = self.psf.which_psf_maps
                    else:
                        raise ValueError("Observation dictionary must specify indices of PSF kernel maps if psf_type is PIXEL.")
                else:
                    raise ValueError("User must supply PSF kwargs in the Baobab config if PSF type is PIXEL.")
            else: # 'GAUSSIAN'
                survey_object.psf_kernel_size = None
                survey_object.which_psf_maps = None
            # Override default survey specs with user-specified kwargs
            survey_object.camera.update(survey_info['override_camera_kwargs'])
            survey_object.obs.update(survey_info['override_obs_kwargs'])
            self.survey_object_dict[bp] = survey_object
        # Camera dict is same across bands, so arbitrarily take the last band
        self.instrument = survey_object.camera


[docs]    def get_noise_kwargs(self,bandpass):
        """
        Return the noise kwargs defined in the babobab config, e.g. for passing to the noise model for online data augmentation

        Returns
        -------
            (dict): A dict containing the noise kwargs to be passed to the noise
                model.
            (str): The bandpass to pull the noise information for

        """
        # Go through the baobab config and pull out the noise kwargs one by one.
        noise_kwargs = {}
        noise_kwargs.update(self.instrument)
        noise_kwargs.update(self.survey_object_dict[bandpass].kwargs_single_band())
        return noise_kwargs






          

      

      

    

  

    
      
          
            
  Source code for baobab.data_augmentation.noise_lenstronomy

import numpy as np
from lenstronomy.SimulationAPI.observation_api import SingleBand
import lenstronomy.Util.data_util as data_util
__all__ = ['get_noise_sigma2_lenstronomy', 'NoiseModelNumpy']

[docs]def get_noise_sigma2_lenstronomy(img, pixel_scale, exposure_time, magnitude_zero_point, read_noise=None, ccd_gain=None, sky_brightness=None, seeing=None, num_exposures=1, psf_type='GAUSSIAN', kernel_point_source=None, truncation=5, data_count_unit='ADU', background_noise=None):
    """Get the variance of sky, readout, and Poisson flux noise sources using lenstronomy

    Parameters
    ----------
    img : 2D numpy array
        image on which the noise will be evaluated
    pixel_scale : float
        pixel scale in arcsec/pixel
    exposure_time : float
        exposure time per image in seconds
    magnitude_zero_point : float
        magnitude at which 1 count per second per arcsecond square is registered
    read_noise : float
        std of noise generated by readout (in units of electrons)
    ccd_gain : float
        electrons/ADU (analog-to-digital unit). A gain of 8 means that the camera digitizes the CCD signal so that each ADU corresponds to 8 photoelectrons
    sky_brightness : float
         sky brightness (in magnitude per square arcsec)
    seeing : float
        fwhm of PSF
    num_exposures : float
        number of exposures that are combined
    psf_type : str
        type of PSF ('GAUSSIAN' and 'PIXEL' supported)
    kernel_point_source : 2d numpy array
        model of PSF centered with odd number of pixels per axis(optional when psf_type='PIXEL' is chosen)
    truncation : float
        Gaussian truncation (in units of sigma), only required for 'GAUSSIAN' model
    data_count_unit : str
        unit of the data (and other properties), 'e-': (electrons assumed to be IID), 'ADU': (analog-to-digital unit)
    background_noise : float
        sqrt(variance of background) as a total contribution from read noise, sky brightness, etc. in units of the data_count_units
        If you set this parameter, it will override read_noise, sky_brightness. Default: None

    Returns
    -------
    dict
        variance in the poisson, sky, and readout noise sources

    """
    single_band = SingleBand(pixel_scale, exposure_time, magnitude_zero_point, read_noise=read_noise, ccd_gain=ccd_gain, sky_brightness=sky_brightness, seeing=seeing, num_exposures=num_exposures, psf_type=psf_type, kernel_point_source=kernel_point_source, truncation=truncation, data_count_unit=data_count_unit, background_noise=background_noise)
    noise_sigma2 = {}
    poisson = single_band.flux_noise(img)**2.0
    exposure_time_tot = single_band._num_exposures * single_band._exposure_time
    readout_noise_tot = single_band._num_exposures * single_band._read_noise**2.0
    sky_per_pixel = single_band._sky_brightness_cps * single_band.pixel_scale ** 2
    sky = sky_per_pixel**2.0/exposure_time_tot
    readout = readout_noise_tot / exposure_time_tot**2.0
    sky_plus_readout = single_band.background_noise**2.0
    if data_count_unit == 'ADU':
        sky /= ccd_gain**2.0 # squared because sky here is noise variance, not std
        readout /= ccd_gain**2.0

    noise_sigma2['poisson'] = poisson
    noise_sigma2['sky'] = sky
    noise_sigma2['readout'] = readout
    noise_sigma2['sky_plus_readout'] = sky_plus_readout
    return noise_sigma2


[docs]class NoiseModelNumpy:
    """A combination of sky, readout, and Poisson flux noise to be added to the image

    Note
    ----
    This is a wrapper around the functionality provided by the `SingleBand` class in lenstronomy.

    """
    def __init__(self, pixel_scale, exposure_time, magnitude_zero_point, read_noise=None, ccd_gain=None, sky_brightness=None, seeing=None, num_exposures=1, psf_type='GAUSSIAN', kernel_point_source=None, truncation=5, data_count_unit='ADU', background_noise=None):
        """

        Parameters
        ----------
        pixel_scale : float
            pixel scale in arcsec/pixel
        exposure_time : float
            exposure time per image in seconds
        magnitude_zero_point : float
            magnitude at which 1 count per second per arcsecond square is registered
        read_noise : float
            std of noise generated by readout (in units of electrons)
        ccd_gain : float
            electrons/ADU (analog-to-digital unit). A gain of 8 means that the camera digitizes the CCD signal so that each ADU corresponds to 8 photoelectrons
        sky_brightness : float
             sky brightness (in magnitude per square arcsec)
        seeing : float
            fwhm of PSF
        num_exposures : float
            number of exposures that are combined
        psf_type : str
            type of PSF ('GAUSSIAN' and 'PIXEL' supported)
        kernel_point_source : 2d numpy array
            model of PSF centered with odd number of pixels per axis(optional when psf_type='PIXEL' is chosen)
        truncation : float
            Gaussian truncation (in units of sigma), only required for 'GAUSSIAN' model
        data_count_unit : str
            unit of the data (and other properties), 'e-': (electrons assumed to be IID), 'ADU': (analog-to-digital unit)
        background_noise : float
            sqrt(variance of background) as a total contribution from read noise, sky brightness, etc. in units of the data_count_units
            If you set this parameter, it will override readout_noise, sky_brightness. Default: None

        """
        self.pixel_scale = pixel_scale
        self.exposure_time = exposure_time
        self.magnitude_zero_point = magnitude_zero_point
        self.ccd_gain = ccd_gain
        self.sky_brightness = sky_brightness
        self.seeing = seeing
        self.num_exposures = num_exposures
        self.psf_type = psf_type
        self.kernel_point_source = kernel_point_source
        self.truncation = truncation
        self.data_count_unit = data_count_unit
        self.background_noise = background_noise

        #FIXME: seeing, psf_type, kernel_point_source, and truncation do not seem to be used at all.
        if self.background_noise is None:
            self.readout_noise = read_noise
            if self.data_count_unit == 'ADU':
                self.readout_noise /= self.ccd_gain

            self.sky_brightness = data_util.magnitude2cps(self.sky_brightness, self.magnitude_zero_point)
            if self.data_count_unit == 'ADU':
                self.sky_brightness /= self.ccd_gain

            self.exposure_time_tot = self.num_exposures * self.exposure_time
            self.readout_noise_tot = self.num_exposures * self.readout_noise**2.0
            self.sky_per_pixel = self.sky_brightness * pixel_scale**2.0

        self.get_background_noise_sigma2 = getattr(self, 'get_background_noise_sigma2_composite') if self.background_noise is None else getattr(self, 'get_background_noise_sigma2_simple')

        # For Poisson noise
        self.scaled_exposure_time = self.exposure_time_tot
        if self.data_count_unit == 'ADU':
            self.scaled_exposure_time *= self.ccd_gain

[docs]    def get_sky_noise_sigma2(self):
        """Compute the variance in sky noise

        Returns
        -------
        float
            variance of the sky noise, in cps^2

        """
        return self.sky_per_pixel**2.0 / self.exposure_time_tot


[docs]    def get_readout_noise_sigma2(self):
        """Compute the variance in readout noise

        Returns
        -------
        float
            variance of the readout noise, in cps^2

        """
        return self.readout_noise_tot / self.exposure_time_tot**2.0


[docs]    def get_background_noise_sigma2_simple(self):
        """Get the variance in background noise from the specified estimate of the background noise, rather than computing it from the sky brightness and read noise

        Returns
        -------
        float
            variance of the background noise, in cps^2

        """
        return self.background_noise**2.0


[docs]    def get_background_noise_sigma2_composite(self):
        """Get the variance in background noise from the sky brightness and read noise

        Returns
        -------
        float
            variance of the background noise, in cps^2

        """
        return self.get_sky_noise_sigma2() + self.get_readout_noise_sigma2()


[docs]    def get_poisson_noise_sigma2(self, img):
        """Get the variance in Poisson flux noise from the image

        Parameters
        ----------
        img : 2D np.array
            the image of flux values in cps on which to evaluate the noise

        Returns
        -------
        float
            variance of the Poisson flux noise, in cps^2

        """
        return np.maximum(img, np.zeros_like(img))/self.scaled_exposure_time


[docs]    def get_noise_sigma2(self, img):
        """Get the variance of total noise due to the combined effects of sky, readout, and Poisson flux noise

        Parameters
        ----------
        img : 2D np.array
            the image of flux values in cps on which to evaluate the noise

        Returns
        -------
        2D np.array
            variance of total noise, in cps^2

        """
        return self.get_background_noise_sigma2() + self.get_poisson_noise_sigma2(img)


[docs]    def get_noise_map(self, img):
        """Get the total random noise map due to the combined effects of sky, readout, and Poisson flux noise

        Parameters
        ----------
        img : 2D np.array
            the image of flux values in cps on which to evaluate the noise

        Returns
        -------
        2D np.array
            the noise map in cps

        """
        return np.random.randn(*img.shape)*self.get_noise_sigma2(img)**0.5
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