

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	pysac v0.2.dev197 
 
      

    


    
      
          
            
  
Welcome to pySAC’s documentation!

PySAC is a python packaged designed to make it easier to analyse and plot
output from VAC and SAC in python.

pySAC currently supports routines for VAC and SAC Input / Output as well as 2D
plotting.

Contents:



	pySAC Guide
	Installation

	Input/Output





	pySAC Code Reference
	Contents
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pySAC Guide

pySAC is a python package that is designed to enable analysis and plotting of
VAC (Verstatile Advection Code) and SAC (Sheffield Advanced Code) as well as
smaug, the GPGPU port of SAC.


Installation

pySAC is contained inside a DVS version control system called git, with a
hosted repository on BitBucket [https://bitbucket.org/swatsheffield/pysac/]. To obtain the latest version of the source
code you can clone the git repository thus:

git clone git@bitbucket.org:swatsheffield/pysac.git





which you can then install using the included python setup script. There are
two options at this point, you can install the code permantly or you can
install it in ‘develop’ mode which enable you to edit the code in the directory
in which you have just cloned it.
To install in devlop mode do the following:

python setup.py develop





which, under linux you will need to run as root.

The following python packages are required to use pySAC:


	matplotlib >= 1.1

	h5py

	numpy

	scipy




Basic Usage

Once installed pySAC can be used by importing the component you wish to use in
a python script or interpreter:

>>> import pysac.io





to open a SAC file you can no do:

>>> myfile = pysac.io.SACdata("mysacfile.h5")





myfile now contains various routines to read the data in the file, as we shall
see in more detail later.






Input/Output

The first role of pySAC is to enable the reading and writing of SAC or VAC
files in either the VAC style fortran unformatted binary file type or the
newer HDF5 file structures.

The basic components of any VAC/SAC filetype are:


	x array: An array containing all coordinates at any point in the domain



	y array: An array containing all the computed variables



	
	header: A header, stored in some form consisting of at:

	
	filehead - A not so descriptive file string

	iteration number

	physical time

	number of dimensions

	number of constant parameters in the equations

	number of physcical varibles being solved for (in w array)

	nx

	the equation parameters

	names for the varibles in the w array











pySAC implements a ‘VACdata’ class that will read either the VAC fortran type
files or HDF5 files containing VAC/SAC data. There is a specification of
VACdata to SACdata for SAC files with magnetic field and pertubation and
background varibles in the w array.

SACdata implemetes methods to extract primative variables such as temperature
and pressure.


File Description


Header Contents

The header of VAC / SAC files contains the same information irrespective of the
file type. When saving a file using pySAC the routines will automatically
reformat the header to fit the file. The keys in the header and examples are
listed below:

header = {
            'filehead': '3Dmhd_33',
            'ndim': 3,
            'it': 0,
            't': 0,
            'nw': 13,
            'nx': [128,128,128],
            'varnames': ['z', 'x', 'y', 'h', 'm1', 'm2', 'm3', 'e', 'b1', 'b2', 'b3',
                         'eb', 'rhob', 'bg1', 'bg2', 'bg3', 'gamma', 'eta',
                         'grav1', 'grav2', 'grav3'],
            'neqpar': 7,
            'eqpar': [1.66666667, 0.0, 1.0, -274.0, 0.0, 0.0, 0.0]
            }





Some extra parameters can be added for HDF5 files, namely: ‘filedesc’ which is
a file desciption.

‘varnames’ should contain a label for each corrdinate dimension, a label for
each varible in the w array, followed by each equation parameter. So

len(header['varnames']) == nx + nw + neqpar





The above example is not consitent with this.




VAC File Description

The unformatted FORTRAN binary files have the following format
for each time step stored a header of the following form preceeds the data:


	‘filehead’ a string describing the file i.e. ‘2D_mhd22’



	
	‘params’ a list containing:

	iteration number, physical time, ndim, number of equation params, number of vars in w array
i.e. [10, 11.2541, 2, 7, 9], [int, float, int, int, int]







	nx coord dimensions e.g. [128,128,128]



	‘eqpar’ - equation parameters, neqpars floats.



	varnames a list of strings nw long. Holds the names for all the w vars.



	x array



	w array








SAC HDF5 File Specification

A new file format to replace the unformatted FORTRAN binary files has been developed.
The advantages of HDF5 are that it is a modern portable binary data format, that is well specified and has bany bindings for many different languages.
The structure of a HDF5 file is very similar to a UNIX file system, where you have constructs like directories, each can contain sub-directories and also have metadata associated with them.

Below is the file structure for a SAC HDF5 file, attributes (metadata) are indicated with a - and data arrays are indicated with a +.

/
    -filehead
    -filedesc

/SACdata
    -eqpar
    -final t
    -ndim
    -neqpar
    -nt
    -nx

    +x

        /SACdata/wseries
            -nw
            -varnames

            +w00001
            -it
            -t
            ...
            +w0000n
            -it
            -t
            ...





It should be noted that any code written for this file structure should not use the names of the w arrays for any reason, they should be read with the sequential operators of the HDF5 library because there is no specification reason why they have to be numbered, and could definatley exceed 99999.






Input

In this section we shall look at reading files using pySAC


VAC FORTRAN Files

These are the defualt binary file type that VAC/SAC uses.

WARNING: These files are compiler and machine dependant, they are not portable
and should not be used over the far superior HDF5 files.




SAC HDF5 Files

This file type has been added to SAC to make the output standard and portable,
also to enable parallel I/O.






Output

Output in pySAC.io is done by writing out the current state of the VACdata
object. To create a new file with data from elsewhere you would create a VACdata
object with mode=’w’ and then assign data and the header:

myfile = sacio.VACdata("myoutfile.h5")
myfile.header = header
myfile.w = w_arr
myfile.x = x_arr





Each time step can then be written by a call to write_step:

myfile.write_step()





remember to close the file when you are done:

myfile.close()





for hdf5 files, close writes extra meta information to the file, so it is
very important that it is called.

The output routines will automatically determine the file type.

It is also possible to save out to a different file, or file_type by first
reading in a file:

myfile = sacio.VACdata("myinfile.h5")





then calling init_file() and write_step() for each iteration in the file:

myfile.init_file("myoutfile.out")
for i in range(num_records):
    myfile.read_timestep(i)
    myfile.write_step()
myfile.close()













          

      

      

    


    
         Copyright 2015, Stuart Mumford.
      Last updated on 09 Jan 2015.
      Created using Sphinx 1.2.2.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	pysac v0.2.dev197 
 
      

    


    
      
          
            
  
pySAC Code Reference

This contains a very draft API reference for all the pySAC functions and
classes.


Contents



	Input / Output
	pysac.io Module

	pysac.io.yt_fields Module

	pysac.io.gdf_writer Module

	pysac.io.legacy Module





	pysac.plot Module
	Functions

	Classes

	Class Inheritance Diagram





	pysac.plot.mayavi_plotting_functions Module
	Functions





	pysac.plot.mayavi_seed_streamlines Module

	Analysis
	pysac.analysis Module

	pysac.analysis.tube3D.tvtk_tube_functions Module

	pysac.analysis.tube3D.process_utils Module
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Input / Output


pysac.io Module




pysac.io.yt_fields Module

A set of dervied fields for yt 2.x which combine pertubation and background components
and define magnitudes, as well as calculate things like charaistic speeds.

Note: These use yt 3.x like field naming conventions




pysac.io.gdf_writer Module

Routines for the writing of GDF files


Functions







	write_field(gdf_file,field[,field_shape,...])
	Write a field to an existing gdf file.


	write_field_u(gdf_file,data,field_title,...)
	Write a field to an existing gdf file.


	create_file(f,simulation_parameters,...[,...])
	Do all the structral creation of a gdf file.








Classes







	SimulationParameters(*args,**kwargs)
	








Class Inheritance Diagram


[image: Inheritance diagram of pysac.io.gdf_writer.SimulationParameters]










pysac.io.legacy Module


Classes







	SACdata(filename[,filetype])
	This adds specifications to VACdata designed for SAC simulations in 2D or 3D with magnetic field.


	VACdata(filename[,filetype])
	This is a file type independant class that should expose a VACfile or VACHDF5 file so it is transparent to the end user.


	VACfile(fname[,mode,buf])
	Base input class for VAC Unformatted binary files.


	VAChdf5(filename[,mode])
	Based on FortranFile has been modified to read VAC / SAC HDF5 files.








Class Inheritance Diagram


[image: Inheritance diagram of pysac.io.legacy.legacy.SACdata, pysac.io.legacy.legacy.VACdata, pysac.io.legacy.legacy.VACfile, pysac.io.legacy.legacy.VAChdf5]
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write_field


	
pysac.io.gdf_writer.write_field(gdf_file, field, field_shape=None, arr_slice=slice(None, None, None), collective=False, api='high')[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/io/gdf_writer.py#L192]

	Write a field to an existing gdf file.





	Parameters:	gdf_file: h5py.File


Open, writeable gdf file




field: dict



	A dict containing the following keys:

	‘field’: ndarray
‘field_title’: string
‘field_name’: string
‘field_units’: string
‘field_to_cgs’: float
‘staggering’: 0 or 1








arr_slice: (optional) np.s_


The slice of the whole dataset to write




staggering: (optional) int


The ‘staggering’ of the gdf field




collective: bool


Use MPI collective write




api: str


‘high’ or ‘low’ signifiyng the h5py API to use for write. Used for
benchmarking.
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write_field_u


	
pysac.io.gdf_writer.write_field_u(gdf_file, data, field_title, field_name, field_shape=None, arr_slice=slice(None, None, None), staggering=0, collective=False, api='high')[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/io/gdf_writer.py#L139]

	Write a field to an existing gdf file.





	Parameters:	gdf_file: h5py.File


Open, writeable gdf file




data: astropy.units.Quantity


The data to be written




field_tile: str


The name of the field dataset




field_name: str


The long name for the field




field_shape: (optional) tuple


The shape of the whole dataset, if not specified use data.shape.




arr_slice: (optional) np.s_


The slice of the whole dataset to write




staggering: (optional) int


The ‘staggering’ of the gdf field
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create_file


	
pysac.io.gdf_writer.create_file(f, simulation_parameters, grid_dimensions, data_author=None, data_comment=None)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/io/gdf_writer.py#L68]

	Do all the structral creation of a gdf file.

gdf files should be written in a x,y,z order, please swap them before
calling this function!!





	Parameters:	gdf_path: string or h5py instance


Filename to save out




simulation_parameters: dict


Key value pairs for attributes to be written to the 
simulation_parameters group.




grid_dimensions

data_author: (optional) string


Author to write to file




data_comment: (optional) string


A comment to write to file







	Returns:	h5py.File instance







Notes

GDF is defined here: https://bitbucket.org/yt_analysis/grid_data_format/
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SimulationParameters


	
class pysac.io.gdf_writer.SimulationParameters(*args, **kwargs)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/io/gdf_writer.py#L16]

	Bases: dict [http://docs.python.org/library/stdtypes.html#dict]
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SACdata


	
class pysac.io.legacy.SACdata(filename, filetype='auto')[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/io/legacy/legacy.py#L534]

	Bases: pysac.io.legacy.VACdata

This adds specifications to VACdata designed for SAC simulations in 2D or
3D with magnetic field.

This adds the background and pertubation varibles into a new w_sac dict.

Methods Summary







	convert_B()
	This function corrects for the scaling of the magentic field units.


	get_bgp()
	


	get_bgtemp()
	


	get_cs([p])
	


	get_temp([p])
	


	get_thermalp([beta])
	Calculate Thermal pressure from varibles


	get_total_p()
	


	get_va()
	


	get_w_yt()
	


	read_timestep(i)
	


	update_w_sac()
	This method creates the w_sac dictionary for the current timestep.





Methods Documentation


	
convert_B()[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/io/legacy/legacy.py#L601]

	This function corrects for the scaling of the magentic field units.

It will convert the magnetic field into Tesla for the current time
step.

WARNING: The conservative variable calculations are in SAC scaled
magnetic field units, this conversion should be run after accessing any
calculatuions involving the magnetic field






	
get_bgp()[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/io/legacy/legacy.py#L641]

	




	
get_bgtemp()[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/io/legacy/legacy.py#L679]

	




	
get_cs(p=None)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/io/legacy/legacy.py#L696]

	




	
get_temp(p=None)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/io/legacy/legacy.py#L673]

	




	
get_thermalp(beta=False)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/io/legacy/legacy.py#L621]

	Calculate Thermal pressure from varibles






	
get_total_p()[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/io/legacy/legacy.py#L657]

	




	
get_va()[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/io/legacy/legacy.py#L691]

	




	
get_w_yt()[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/io/legacy/legacy.py#L578]

	




	
read_timestep(i)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/io/legacy/legacy.py#L597]

	




	
update_w_sac()[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/io/legacy/legacy.py#L546]

	This method creates the w_sac dictionary for the current timestep.
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VACdata


	
class pysac.io.legacy.VACdata(filename, filetype='auto')[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/io/legacy/legacy.py#L446]

	Bases: object [http://docs.python.org/3/library/functions.html#object]

This is a file type independant class that should expose a VACfile or
VACHDF5 file so it is transparent to the end user.

Create a VACdata class.





	Parameters:	filename: str

filetype: str {‘auto’ | ‘fort’ | ‘hdf5’ }







Attributes Summary







	header
	


	num_records
	


	t_end
	


	t_start
	


	w
	


	w_
	


	w_dict
	


	x
	





Methods Summary







	read_timestep(i)
	Read in the specified time step





Attributes Documentation


	
header

	




	
num_records

	




	
t_end

	




	
t_start

	




	
w

	




	
w_

	




	
w_dict

	




	
x

	



Methods Documentation


	
read_timestep(i)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/io/legacy/legacy.py#L523]

	Read in the specified time step





	Parameters:	i: int


Time Step number
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VACfile


	
class pysac.io.legacy.VACfile(fname, mode='r', buf=0)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/io/legacy/legacy.py#L157]

	Base input class for VAC Unformatted binary files.
Based on FortranFile has been modified to read VAC / SAC output files.





	Parameters:	fname:    string


Input Filename




mode: {‘r’ | ‘w’}


I/O mode (only ‘r’ is fully supported)




buf: int


underlying I/O buffer size




Returns

——-

Reads a iteration into the following structure:

file.header: -Dictionary containging


-filehead: string at begging of file
-params: Iteration Parameters, it, t, ndim, neqpar, nw
-nx: Size of cordinate array [list]
-eqpar: eqpar_ parameters [list]
-varnames: list containg varible names for dimensions, nw and eqpar?




file.w : w array from file which is [params,[nx]] in size

file.w_: dict containing the {varname:index} pairs for the w array

file.x : x array from file which is [ndim,[nx]] in size







Methods Summary







	close()
	


	process_step()
	Does the raw file processing for each timestep


	read_timestep(i)
	


	write_step()
	





Methods Documentation


	
close()[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/io/legacy/legacy.py#L298]

	




	
process_step()[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/io/legacy/legacy.py#L216]

	Does the raw file processing for each timestep

Sets up the header and reads and reshapes the arrays






	
read_timestep(i)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/io/legacy/legacy.py#L212]

	




	
write_step()[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/io/legacy/legacy.py#L290]
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VAChdf5


	
class pysac.io.legacy.VAChdf5(filename, mode='r')[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/io/legacy/legacy.py#L301]

	Based on FortranFile has been modified to read VAC / SAC HDF5 files.

Reads a iteration into the following structure:

file.header: 
-Dictionary containging
-filehead: string at begging of file
-params: Iteration Parameters, it, t, ndim, neqpar, nw
-nx: Size of cordinate array [list]
-eqpar: eqpar_ parameters [list]
-varnames: list containg varible names for dimensions, nw and eqpar?
file.w : w array from file which is [params,[nx]] in size
file.w_: dict containing the {varname:index} pairs for the w array
file.x : x array from file which is [ndim,[nx]] in size

Also creates HDF5 specific attributes:

file.sac_group - Holds the x and time_group attributes.
file.time_group - Holds the series of w arrays.

Largely the HDF5 file is designed so the functionality mimics the VAC
binary file, i.e. all the vars are still in the W array etc.

Methods Summary







	close()
	


	read_timestep(i)
	


	write_step()
	Save step data into hdf5 file





Methods Documentation


	
close()[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/io/legacy/legacy.py#L434]

	




	
read_timestep(i)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/io/legacy/legacy.py#L372]

	




	
write_step()[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/io/legacy/legacy.py#L421]

	Save step data into hdf5 file
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pysac.plot Module


Functions







	fieldlines(v1,v2,seeds[,dS])
	Simple 2D Euler fieldline integrator.








Classes







	FixedCentre([vmin,vmax,clip])
	Normalise with a Fixed Centre     If vmin or vmax is not given, they are taken from the input’s minimum and maximum value respectively.








Class Inheritance Diagram


[image: Inheritance diagram of pysac.plot.helpers.FixedCentre]











pysac.plot.mayavi_plotting_functions Module

This module provides a set of helper functions to make mayavi scenes into 
nice plots. It also provides routines for the visualisation of flux surfaces.


Functions







	set_text(text_property)
	Set the text to sane defaults


	set_cbar_text(cbar[,lut_manager])
	


	add_axes(ranges[,obj])
	


	add_cbar_label(cbar,title)
	


	add_colourbar(module,position,position2,title)
	


	draw_surface(surf_poly,cmap[,scalar,...])
	Draw a mayavi surface from a PolyData object.


	change_surface_scalars(new_tube,...[,...])
	Change the surface scalars of an existing surface object, and change the associated colorbar and text objects.










pysac.plot.mayavi_seed_streamlines Module

This module contains a custom streamlining class derived from the MayaVi2
streamlining class, modified to accept an array of seed points for visulaisation
using mayavi.


Warning

The documentation for this class cannot be built on Read The Docs, it is possible to build it locally.



You can use this class thus:

Create a new Streamline instance and add it to a pipeline

>>> from pysac.plot.mayavi_seed_streamline import SeedStreamline
>>> field_lines = SeedStreamline(seed_points = np.array(seeds))
>>> myvectorfield.add_child(field_lines)









          

      

      

    


    
         Copyright 2015, Stuart Mumford.
      Last updated on 09 Jan 2015.
      Created using Sphinx 1.2.2.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	pysac v0.2.dev197 

          	pySAC Code Reference 

          	pysac.plot Module 
 
      

    


    
      
          
            
  
fieldlines


	
pysac.plot.fieldlines(v1, v2, seeds, dS=1)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/plot/helpers.py#L108]

	Simple 2D Euler fieldline integrator.





	Parameters:	v1,v2 : numpy.ndarray (2D)


y and x vector arrays




seeds : numpy.ndarray


array of coordinate (array indexes) pairs




dS : float


step size (default value is 1.0)
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FixedCentre


	
class pysac.plot.FixedCentre(vmin=None, vmax=None, clip=False)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/plot/helpers.py#L20]

	Bases: matplotlib.colors.Normalize [http://matplotlib.org/api/colors_api.html#matplotlib.colors.Normalize]

Normalise with a Fixed Centre

If vmin or vmax is not given, they are taken from the input’s
minimum and maximum value respectively.  If clip is True and
the given value falls outside the range, the returned value
will be 0 or 1, whichever is closer. Returns 0 if:

vmin==vmax





Works with scalars or arrays, including masked arrays.  If
clip is True, masked values are set to 1; otherwise they
remain masked.  Clipping silently defeats the purpose of setting
the over, under, and masked colors in the colormap, so it is
likely to lead to surprises; therefore the default is
clip = False.

Methods Summary







	__call__(value[,clip])
	





Methods Documentation


	
__call__(value, clip=None)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/plot/helpers.py#L24]
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set_text


	
pysac.plot.mayavi_plotting_functions.set_text(text_property)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/plot/mayavi_plotting_functions.py#L13]

	Set the text to sane defaults





	Parameters:	text_property: mayavi TextProperty object
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set_cbar_text


	
pysac.plot.mayavi_plotting_functions.set_cbar_text(cbar, lut_manager='scalar')[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/plot/mayavi_plotting_functions.py#L26]
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add_axes


	
pysac.plot.mayavi_plotting_functions.add_axes(ranges, obj=None)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/plot/mayavi_plotting_functions.py#L36]
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add_cbar_label


	
pysac.plot.mayavi_plotting_functions.add_cbar_label(cbar, title)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/plot/mayavi_plotting_functions.py#L53]
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add_colourbar


	
pysac.plot.mayavi_plotting_functions.add_colourbar(module, position, position2, title, label_fstring='%#4.2f', number_labels=5, orientation=1, lut_manager='scalar')[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/plot/mayavi_plotting_functions.py#L70]
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draw_surface


	
pysac.plot.mayavi_plotting_functions.draw_surface(surf_poly, cmap, scalar='vperp', lines=False, lim=None, log10=False, colorbar_label='Velocity Perpendicular\n    to Surface [km/s]', **colourbar_args)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/plot/mayavi_plotting_functions.py#L102]

	Draw a mayavi surface from a PolyData object.





	Parameters:	surf_poly: tvtk.PolyData Object


The polydata object containing the surface information.




cmap: ndarray or string


The colour map to scale the scalar data with.




scalar: string


The name of the tvtk scalar to plot.




lines: (optional) bool


If True then lines are not removed from the PolyData object and will be plotted.




lim: [None, float, int or [min,max]]


If lim is None symmetric limits will be created covering the whole dynamic range,
if the input is a number symmetric limts will e made with that as a maximum,
if a [min,max] pair is passed that will be the limits.




log10: bool


Scale the scalar with log scaling.




colorbar_label: string


Label the colorbar.




**colorar_args: dict


Other kwargs will be passed to mayavi_plotting_functions.add_colourbar()







	Returns:	new_tube: mayavi.modules.surface.Surface


The surface object




surf_bar: ScalarBarWidget


The colorbar object




surf_bar_label: mayavi.modules.text.Text


The object created to label the colorbar
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change_surface_scalars


	
pysac.plot.mayavi_plotting_functions.change_surface_scalars(new_tube, surf_bar_label, scalar_name, colorbar_label=None, lim=None, log10=False)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/plot/mayavi_plotting_functions.py#L189]

	Change the surface scalars of an existing surface object, and change the associated
colorbar and text objects. Note: This is hard coded to be easier for velocity surfaces.





	Parameters:	new_tube: mayavi.modules.surface.Surface


The Surface




surf_bar_label: mayavi.modules.text.Text


The text object




scalar_name: string


The name to set the scalar to.




colorbar_label: string


The string to set the colorbar tex object to, if None it will guess velocity ones.




lim:[None, float, int or [min,max]]


If lim is None symmetric limits will be created covering the whole dynamic range,
if the input is a number symmetric limts will e made with that as a maximum,
if a [min,max] pair is passed that will be the limits.




log10: bool


Scale the scalar with log scaling.







	Returns:	None
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Analysis


pysac.analysis Module

General routines for the analysis of HD and MHD simulations run with SAC


Functions







	get_wave_flux(f,pk)
	Calculate the wave energy flux from a SACData instance and the kinetic pressure


	get_wave_flux_yt(ds[,B_to_SI,V_to_SI,...])
	Calculate the wave energy flux from a yt dataset.










pysac.analysis.tube3D.tvtk_tube_functions Module

This submodule provides routines to generate and analyse “Flux Surfaces” as
described in (Mumford et. al. 2014).
Flux Surfaces are created by the tracing of a closed loop of fieldlines,
from which a surface is reconstructed by creating polygons between the 
pesudo parallel streamlines.


Functions







	move_seeds(seeds,vfield,dt)
	Move a list of seeds based on a velocity field.


	make_circle_seeds(n,r,**domain)
	Generate an array of n seeds evenly spaced in a circle at radius r.


	create_flux_surface(bfield,surf_seeds)
	Create a flux surface from an array of seeds and a tvtk vector field.


	update_flux_surface(surf_seeds,...)
	Update the flux surface streamlines and surface.


	make_poly_norms(poly_data)
	Extract the normal vectors from a PolyData instance (A surface).


	norms_sanity_check(poly_norms)
	Check that the normals are pointing radially outwards.


	get_surface_vectors(poly_norms,surf_bfield)
	Calculate the vector normal, vertically parallel and Azimuthally around


	interpolate_scalars(image_data,poly_data)
	Interpolate a imagedata scalars to a set points in polydata


	interpolate_vectors(image_data,poly_data)
	Interpolate a imagedata vectors to a set points in polydata


	update_interpolated_vectors(poly_data,...)
	


	update_interpolated_scalars(poly_data,...)
	


	get_surface_velocity_comp(...)
	


	get_the_line(bfield,surf_seeds,n)
	Generate the vertical line on the surface


	update_the_line(the_line,surf_seeds,seed,...)
	Updates the TD line at each time step, while making sure the length is fixed


	get_surface_indexes(surf_poly,the_line)
	


	write_step(file_name,surface,normals,...)
	Write out the surface vectors and velocity compnents.


	write_flux(file_name,surface,...)
	


	write_wave_flux(file_name,surface_poly,...)
	


	read_step(filename)
	Read back in a saved surface file


	get_data(poly_out,name)
	








Classes







	PolyDataWriter(filename,polydata)
	This class allows you to write tvtk polydata objects to a file, with as many or as few associated PointData arrays as you wish.








Class Inheritance Diagram


[image: Inheritance diagram of pysac.analysis.tube3D.tvtk_tube_functions.PolyDataWriter]










pysac.analysis.tube3D.process_utils Module

This module contains routines to convert from SACData and yt DataSets into
tvtk fields via mayavi.


Functions







	get_sacdata_mlab(f,cube_slice[,flux])
	Reads in useful variables from a hdf5 file to vtk data structures


	get_yt_mlab(ds,cube_slice[,flux])
	Reads in useful variables from yt to vtk data structures, converts into SI units before return.


	process_next_step_yt(ds,cube_slice,bfield,...)
	Update all mayavi sources using a yt dataset, in SI units.


	process_next_step_sacdata(f,cube_slice,...)
	Update all mayavi sources using a SACData instance


	yt_to_mlab_vector(ds,xkey,ykey,zkey[,...])
	Convert three yt keys to a mlab vector field   :Parameters:      ds : yt dataset          The dataset to get the data from.
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get_wave_flux


	
pysac.analysis.get_wave_flux(f, pk)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/analysis/wave_flux.py#L19]

	Calculate the wave energy flux from a SACData instance and the kinetic pressure





	Parameters:	f: VACdata instance


RAW data file




pk: np.ndarray


Thermal pressure







	Returns:	Fwave: np.ndarray


The wave energy flux
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get_wave_flux_yt


	
pysac.analysis.get_wave_flux_yt(ds, B_to_SI=1, V_to_SI=1, Pk_to_SI=1)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/analysis/wave_flux.py#L47]

	Calculate the wave energy flux from a yt dataset.





	Parameters:	ds: yt dataset


with derived fields







	Returns:	Fwave: np.ndarray


The wave energy flux
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move_seeds


	
pysac.analysis.tube3D.tvtk_tube_functions.move_seeds(seeds, vfield, dt)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/analysis/tube3D/tvtk_tube_functions.py#L21]

	Move a list of seeds based on a velocity field.


Warning

WARNING: THIS IS HARD CODED FOR GRID SIZE!







	Parameters:	seeds: tvtk.PolyData


Old seed points




vfield: mayavi.sources.array_source.ArraySource object


The velocity field




dt: float


The time step betweent the current and the previous step.







	Returns:	seeds_arr: ndarray


New Seed points
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make_circle_seeds


	
pysac.analysis.tube3D.tvtk_tube_functions.make_circle_seeds(n, r, **domain)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/analysis/tube3D/tvtk_tube_functions.py#L53]

	Generate an array of n seeds evenly spaced in a circle at radius r.





	Parameters:	n:  integer


Number of Seeds to Create




r:  float


Radius of the Circle in grid points




**domain: Dict


kwargs specifiying the properties of the domain.







	Returns:	surf_seeds: tvtk.PolyData


vtkPolyData containg point data with the seed locations.
Needs: xmax, ymax, zmax
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create_flux_surface


	
pysac.analysis.tube3D.tvtk_tube_functions.create_flux_surface(bfield, surf_seeds)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/analysis/tube3D/tvtk_tube_functions.py#L88]

	Create a flux surface from an array of seeds and a tvtk vector field.





	Parameters:	bfield: tvtk.ImageData


The vector field to use for streamline traceing




surf_seeds: numpy.ndarray


The array of seed points to start the fieldline tracing from







	Returns:	surf_field_lines: tvtk.StreamTracer instance


The fieldline tracer with the fieldlines stored inside it.




surface: tvtk.RuledSurfaceFilter instance


The surface built from the StreamTracer instance
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update_flux_surface


	
pysac.analysis.tube3D.tvtk_tube_functions.update_flux_surface(surf_seeds, surf_field_lines, surface)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/analysis/tube3D/tvtk_tube_functions.py#L132]

	Update the flux surface streamlines and surface.
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make_poly_norms


	
pysac.analysis.tube3D.tvtk_tube_functions.make_poly_norms(poly_data)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/analysis/tube3D/tvtk_tube_functions.py#L140]

	Extract the normal vectors from a PolyData instance (A surface).





	Parameters:	poly_data: tvtk.PolyData instance


The poly data to extract normal vectors from







	Returns:	poly_norms: tvtk.PolyDataNormals instance


The normal vectors


















          

      

      

    


    
         Copyright 2015, Stuart Mumford.
      Last updated on 09 Jan 2015.
      Created using Sphinx 1.2.2.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	pysac v0.2.dev197 

          	pySAC Code Reference 

          	Analysis 
 
      

    


    
      
          
            
  
norms_sanity_check


	
pysac.analysis.tube3D.tvtk_tube_functions.norms_sanity_check(poly_norms)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/analysis/tube3D/tvtk_tube_functions.py#L162]

	Check that the normals are pointing radially outwards.

..warning:: THIS IS HARD CODED to grid size and surface size





	Parameters:	poly_norms: tvtk.PolyDataNormals instance


The normals to check







	Returns:	poly_normals: tvtk.PolyDataNormals instance


The same normals but flipped if needed
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get_surface_vectors


	
pysac.analysis.tube3D.tvtk_tube_functions.get_surface_vectors(poly_norms, surf_bfield)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/analysis/tube3D/tvtk_tube_functions.py#L191]

	Calculate the vector normal, vertically parallel and Azimuthally around
the surface cont
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interpolate_scalars


	
pysac.analysis.tube3D.tvtk_tube_functions.interpolate_scalars(image_data, poly_data)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/analysis/tube3D/tvtk_tube_functions.py#L210]

	Interpolate a imagedata scalars to a set points in polydata
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interpolate_vectors


	
pysac.analysis.tube3D.tvtk_tube_functions.interpolate_vectors(image_data, poly_data)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/analysis/tube3D/tvtk_tube_functions.py#L220]

	Interpolate a imagedata vectors to a set points in polydata
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update_interpolated_vectors


	
pysac.analysis.tube3D.tvtk_tube_functions.update_interpolated_vectors(poly_data, surface_probe_filter)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/analysis/tube3D/tvtk_tube_functions.py#L230]
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update_interpolated_scalars


	
pysac.analysis.tube3D.tvtk_tube_functions.update_interpolated_scalars(poly_data, surface_probe_filter)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/analysis/tube3D/tvtk_tube_functions.py#L239]
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get_surface_velocity_comp


	
pysac.analysis.tube3D.tvtk_tube_functions.get_surface_velocity_comp(surface_velocities, normals, torsionals, parallels)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/analysis/tube3D/tvtk_tube_functions.py#L248]
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get_the_line


	
pysac.analysis.tube3D.tvtk_tube_functions.get_the_line(bfield, surf_seeds, n)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/analysis/tube3D/tvtk_tube_functions.py#L260]

	Generate the vertical line on the surface
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update_the_line


	
pysac.analysis.tube3D.tvtk_tube_functions.update_the_line(the_line, surf_seeds, seed, length)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/analysis/tube3D/tvtk_tube_functions.py#L277]

	Updates the TD line at each time step, while making sure the length is fixed
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get_surface_indexes


	
pysac.analysis.tube3D.tvtk_tube_functions.get_surface_indexes(surf_poly, the_line)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/analysis/tube3D/tvtk_tube_functions.py#L292]
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write_step


	
pysac.analysis.tube3D.tvtk_tube_functions.write_step(file_name, surface, normals, parallels, torsionals, vperp, vpar, vphi)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/analysis/tube3D/tvtk_tube_functions.py#L357]

	Write out the surface vectors and velocity compnents.
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write_flux


	
pysac.analysis.tube3D.tvtk_tube_functions.write_flux(file_name, surface, surface_density, surface_va, surface_beta, surface_cs, Fpar, Fperp, Fphi)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/analysis/tube3D/tvtk_tube_functions.py#L376]
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write_wave_flux


	
pysac.analysis.tube3D.tvtk_tube_functions.write_wave_flux(file_name, surface_poly, parallels, normals, torsionals, Fwpar, Fwperp, Fwphi)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/analysis/tube3D/tvtk_tube_functions.py#L411]
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read_step


	
pysac.analysis.tube3D.tvtk_tube_functions.read_step(filename)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/analysis/tube3D/tvtk_tube_functions.py#L434]

	Read back in a saved surface file
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get_data


	
pysac.analysis.tube3D.tvtk_tube_functions.get_data(poly_out, name)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/analysis/tube3D/tvtk_tube_functions.py#L440]
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PolyDataWriter


	
class pysac.analysis.tube3D.tvtk_tube_functions.PolyDataWriter(filename, polydata)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/analysis/tube3D/tvtk_tube_functions.py#L303]

	Bases: object [http://docs.python.org/3/library/functions.html#object]

This class allows you to write tvtk polydata objects to a file, with as
many or as few associated PointData arrays as you wish.

Methods Summary







	add_array(**kwargs)
	Add any number of arrays via keyword arguments.


	add_point_data([vectors,scalars,...])
	Add a vector comonent and a associated scalar


	write()
	





Methods Documentation


	
add_array(**kwargs)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/analysis/tube3D/tvtk_tube_functions.py#L336]

	Add any number of arrays via keyword arguments.

Examples

Add one scalar

>>> writer = PolyDataWriter(filename, polydata)
>>> writer.add_array(myscalar=myarray)
>>> writer.write










	
add_point_data(vectors=None, scalars=None, vector_name=None, scalar_name=None)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/analysis/tube3D/tvtk_tube_functions.py#L316]

	Add a vector comonent and a associated scalar






	
write()[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/analysis/tube3D/tvtk_tube_functions.py#L353]
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get_sacdata_mlab


	
pysac.analysis.tube3D.process_utils.get_sacdata_mlab(f, cube_slice, flux=True)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/analysis/tube3D/process_utils.py#L13]

	Reads in useful variables from a hdf5 file to vtk data structures





	Parameters:	f : hdf5 file handle


SAC HDF5 file




flux : boolean


Read variables for flux calculation?




cube_slice : np.slice


Slice to apply to the arrays







	Returns:	bfield, vfield[, density, valf, cs, beta]
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get_yt_mlab


	
pysac.analysis.tube3D.process_utils.get_yt_mlab(ds, cube_slice, flux=True)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/analysis/tube3D/process_utils.py#L135]

	Reads in useful variables from yt to vtk data structures, converts into SI
units before return.





	Parameters:	ds : yt dataset


with derived fields




flux : boolean


Read variables for flux calculation?




cube_slice : np.slice


Slice to apply to the arrays







	Returns:	if flux:


bfield, vfield, density, valf, cs, beta




else:


bfield, vfield
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process_next_step_yt


	
pysac.analysis.tube3D.process_utils.process_next_step_yt(ds, cube_slice, bfield, vfield, density, valf, cs, beta)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/analysis/tube3D/process_utils.py#L180]

	Update all mayavi sources using a yt dataset, in SI units.





	Parameters:	ds : yt dataset


The dataset to use to update the mayavi fields




cube_slice : np.s_


A array slice to cut the yt fields with




bfield, vfield, density, valf, cs, beta : mayavi sources


The sources to update







	Returns:	bfield, vfield, density, valf, cs, beta : mayavi sources


The updated sources
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process_next_step_sacdata


	
pysac.analysis.tube3D.process_utils.process_next_step_sacdata(f, cube_slice, bfield, vfield, density, valf, cs, beta)[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/analysis/tube3D/process_utils.py#L218]

	Update all mayavi sources using a SACData instance





	Parameters:	ds : SACData instance


The dataset to use to update the mayavi fields




cube_slice : np.s_


A array slice to cut the yt fields with




bfield, vfield, density, valf, cs, beta : mayavi sources


The sources to update







	Returns:	bfield, vfield, density, valf, cs, beta : mayavi sources


The updated sources
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yt_to_mlab_vector


	
pysac.analysis.tube3D.process_utils.yt_to_mlab_vector(ds, xkey, ykey, zkey, cube_slice=(slice(None, None, None), slice(None, None, None), slice(None, None, None)), SI_scale=1, field_name='')[source][edit on github] [http://github.com/swat-sheffield/pysac/tree/master/pysac/analysis/tube3D/process_utils.py#L67]

	Convert three yt keys to a mlab vector field





	Parameters:	ds : yt dataset


The dataset to get the data from.




xkey, ykey, zkey : string


yt field names for the three vector components.




cube_slice : numpy slice


The array slice to crop the yt fields with.




SI_scale : float


Conversion factor to SI units (multipled by the field).




field_name : string


The mlab name for the field.







	Returns:	field : mayavi vector field
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  Source code for pysac.plot.mayavi_plotting_functions

# -*- coding: utf-8 -*-
"""
This module provides a set of helper functions to make mayavi scenes into 
nice plots. It also provides routines for the visualisation of flux surfaces.
"""
import numpy as np

from mayavi import mlab

__all__ = ['set_text', 'set_cbar_text', 'add_axes', 'add_cbar_label',
           'add_colourbar', 'draw_surface', 'change_surface_scalars']

[docs]def set_text(text_property):
    """
    Set the text to sane defaults
    
    Parameters
    ----------
    text_property: mayavi TextProperty object
    """
    text_property.bold = False
    text_property.italic = False
    text_property.font_family = 'times'
    text_property.color = (0,0,0)
    

[docs]def set_cbar_text(cbar,lut_manager='scalar'):
    if lut_manager == 'scalar':
        manager = cbar.parent.scalar_lut_manager
    elif lut_manager == 'vector':
        manager = cbar.parent.vector_lut_manager
    else:
        raise Exception()
    set_text(manager.title_text_property)
    set_text(manager.label_text_property)


[docs]def add_axes(ranges, obj=None):
    axes1 = mlab.axes(obj)
    axes1.axes.ranges = ranges
    axes1.axes.use_ranges = True
    set_text(axes1.axes.axis_label_text_property)
    axes1.axes.label_format = '%3.1f'
    axes1.axes.number_of_labels = 5
    axes1.axes.property.color = (0,0,0)
    axes1.axes.property.line_width = 2.0
    set_text(axes1.axes.axis_title_text_property)
    axes1.axes.x_label = "X [Mm]"
    axes1.axes.y_label = "Y [Mm]"
    axes1.axes.z_label = "Z [Mm]"
    o = mlab.outline(color=(0,0,0))
    o.actor.actor.property.line_width = 1.5
    return axes1, o


[docs]def add_cbar_label(cbar,title):
    position = cbar.scalar_bar_representation.position
    position2 = cbar.scalar_bar_representation.position2
    
    x = position[0] + position2[0] #+ 0.002
    y = position[1]
    
    text = mlab.text(x,y,title)
    text.property.font_size = 24
    set_text(text.property)
    
    text.property.orientation = 90.
    text.width = 0.205
    
    return text



[docs]def add_colourbar(module, position ,position2, title,label_fstring='%#4.2f',
                  number_labels=5, orientation=1,lut_manager='scalar'):
    set_cbar_text(module,lut_manager=lut_manager)
    if lut_manager == 'scalar':
        bar = module.parent.scalar_lut_manager.scalar_bar_widget
        bar_parent = module.parent.scalar_lut_manager
    elif lut_manager == 'vector':
        bar = module.parent.vector_lut_manager.scalar_bar_widget
        bar_parent = module.parent.vector_lut_manager
    else:
        raise ValueError("Please provide 'scalar' or 'vector' for LUT")
    bar.enabled = True
    bar.scalar_bar_representation.orientation = orientation
    bar.repositionable = False
    bar.resizable = False
    bar.scalar_bar_representation.position = position
    bar.scalar_bar_representation.position2 = position2
    bar_parent.number_of_labels = number_labels
    bar_parent.data_name = title
    bar.scalar_bar_actor.label_format = label_fstring
    return bar


def _parse_limits(lim):
    #Parse lim
    if isinstance(lim, float) or isinstance(lim, int):
        lim = [-lim,lim]
    elif np.shape(lim) == (2,):
        pass #lim = lim
    else:
        raise ValueError("lim will accept [None, float, int or [min,max]")
    return lim

[docs]def draw_surface(surf_poly, cmap, scalar='vperp', lines=False, lim=None, log10=False,
                 colorbar_label='Velocity Perpendicular\n    to Surface [km/s]',
                 **colourbar_args):
    """
    Draw a mayavi surface from a PolyData object.
    
    Parameters
    ----------
    surf_poly: tvtk.PolyData Object
        The polydata object containing the surface information.
    
    cmap: ndarray or string
        The colour map to scale the scalar data with.
    
    scalar: string
        The name of the tvtk scalar to plot.
    
    lines: (optional) bool
        If True then lines are not removed from the PolyData object and will be plotted.
    
    lim: [None, float, int or [min,max]]
        If lim is None symmetric limits will be created covering the whole dynamic range,
        if the input is a number symmetric limts will e made with that as a maximum,
        if a [min,max] pair is passed that will be the limits.
    
    log10: bool
        Scale the scalar with log scaling.
    
    colorbar_label: string
        Label the colorbar.
    
    **colorar_args: dict
        Other kwargs will be passed to mayavi_plotting_functions.add_colourbar()
    
    Returns
    -------
    new_tube: mayavi.modules.surface.Surface
        The surface object
    
    surf_bar: ScalarBarWidget
        The colorbar object
    
    surf_bar_label: mayavi.modules.text.Text
        The object created to label the colorbar
    """
    #Remove lines
    if not lines:
        surf_poly.lines = None
    
    #Create the surface
    new_tube = mlab.pipeline.surface(surf_poly)
    
    #Set the surface scalar
    new_tube.parent.parent.point_scalars_name = scalar
    
    #Parse the colour map
    if isinstance(cmap, np.ndarray):
        new_tube.module_manager.scalar_lut_manager.lut.table = cmap
    elif isinstance(cmap, basestring):
        new_tube.module_manager.scalar_lut_manager.lut_mode = cmap
    else:
        raise TypeError("cmap should be an array or a string")

    #Set the arguments to the colour bar function
    cbar_args = {'position':[0.84, 0.35],
                 'position2':[0.11,0.31],
                 'title':''}
    cbar_args.update(colourbar_args)
    surf_bar = add_colourbar(new_tube, **cbar_args)
    surf_bar_label = add_cbar_label(surf_bar,colorbar_label)

    if log10:
        new_tube.module_manager.scalar_lut_manager.lut.scale = 'log10'
    if not log10:
        new_tube.module_manager.scalar_lut_manager.lut.scale = 'linear'

    #Parse lim
    if lim is None:
        lim = np.max([np.nanmax(surf_poly.point_data.scalars),
                      np.abs(np.nanmin(surf_poly.point_data.scalars))])
        lim = [-lim,lim]
    lim = _parse_limits(lim)
    new_tube.module_manager.scalar_lut_manager.data_range = np.array(lim)

    
    return new_tube, surf_bar, surf_bar_label


[docs]def change_surface_scalars(new_tube, surf_bar_label, scalar_name, colorbar_label=None,
                           lim=None, log10=False):
    """
    Change the surface scalars of an existing surface object, and change the associated
    colorbar and text objects. Note: This is hard coded to be easier for velocity surfaces.
    
    Parameters
    ----------
    new_tube: mayavi.modules.surface.Surface
        The Surface
    
    surf_bar_label: mayavi.modules.text.Text
        The text object

    scalar_name: string
        The name to set the scalar to.
    
    colorbar_label: string
        The string to set the colorbar tex object to, if None it will guess velocity ones.
    
    lim:[None, float, int or [min,max]]
        If lim is None symmetric limits will be created covering the whole dynamic range,
        if the input is a number symmetric limts will e made with that as a maximum,
        if a [min,max] pair is passed that will be the limits.
    
    log10: bool
        Scale the scalar with log scaling.
    
    Returns
    -------
    None
    """
    new_tube.parent.parent.point_scalars_name = scalar_name
    if scalar_name == 'vperp':
        title = 'Velocity Perpendicular\n    to Surface [km/s]'
    elif scalar_name == 'vpar':
        title = '  Velocity Parallel \nto Surface [km/s]'
    elif scalar_name == 'vphi':
        title = 'Velocity Azimuthally\n   to Surface [km/s]'
    else:
        title='unknown'
    new_tube.parent.scalar_lut_manager.data_name = ''
    surf_bar_label.text = title
    surf_poly = new_tube.parent.parent.outputs[0]
    
    #Parse lim
    if lim is None:
        lim = np.max([np.nanmax(surf_poly.point_data.scalars),
                      np.abs(np.nanmin(surf_poly.point_data.scalars))])
        lim = [-lim,lim]
    lim = _parse_limits(lim)
    new_tube.module_manager.scalar_lut_manager.data_range = np.array(lim)
    
    if log10:
        new_tube.module_manager.scalar_lut_manager.lut.scale = 'log10'
    if not log10:
        new_tube.module_manager.scalar_lut_manager.lut.scale = 'linear'
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  Source code for pysac.plot.helpers

# -*- coding: utf-8 -*-
"""
:Created on: Mon Jul 23 14:00:50 2012

:author: Stuart Mumford

This is my custom colourmaps module
"""

import numpy as np
import matplotlib as mpl
from scipy import ndimage

from divergingcolourmaps import *

__all__ = ['FixedCentre',
           'jetblack', 'jetblack_mayavi', 'red_temp', 'red_temp_mayavi',
           'fieldlines']

[docs]class FixedCentre(mpl.colors.Normalize):
    """
    Normalise with a Fixed Centre
    """
[docs]    def __call__(self, value, clip=None):
        if clip is None:
            clip = self.clip

        result, is_scalar = self.process_value(value)

        self.autoscale(result)
        vmin, vmax = self.vmin, self.vmax
        if vmin > vmax:
            raise ValueError("minvalue must be less than or equal to maxvalue")
        elif vmin == vmax:
            result.fill(0.5)   # Or should it be all masked?  Or 0.5?
        else:
            vmin = float(vmin)
            vmax = float(vmax)
            if clip:
                mask = ma.getmask(result)
                result = ma.array(np.clip(result.filled(vmax), vmin, vmax),
                                  mask=mask)
            # ma division is very slow; we can take a shortcut
            resdat = result.data
            resdat[(result.data == 0.).nonzero()] = 0.0
            resdat[(result.data < 0.).nonzero()] /= (-vmin * 2.)
            resdat[(result.data > 0.).nonzero()] /= (vmax * 2.)
            result = np.ma.array(resdat+0.5, mask=result.mask, copy=False)
        if is_scalar:
            result = result[0]
        return result



jbdict = {'red': [(0.0,0.0,0.16),
                 (0.25,0.0,0.0),
                 (0.45,0.0,0.0),
                 (0.5,0.0,0.0),
                 (0.55,0.5,0.5),
                 (0.75,1.0,1.0),
                 (1.0,0.80,0.0)],
         'green': [(0.0,0.0,1.0),
                   (0.25,0.5,0.5),
                   (0.45,0.0,0.0),
                   (0.5,0.0,0.0),
                   (0.55,0.0,0.0),
                   (0.75,0.58,0.58),
                   (1.0,1.0,0.0)],
         'blue': [(0.0,0.0,0.80),
                  (0.25,1.0,1.0),
                  (0.45,0.5,0.5),
                  (0.5,0.0,0.0),
                  (0.55,0.0,0.0),
                  (0.75,0.0,0.0),
                  (1.0,0.16,0.0)]}

jetblack = mpl.colors.LinearSegmentedColormap('jetblack',jbdict,N=2048)

red_temp_dict = {
                    'red': ((0.0,0.0,0.0),
                            (0.6901,1.0,1.0),
                            (1.0,1.0,1.0)),
                    'green': ((0.0,0.0,0.0),
                              (0.4705,0.0,0.0),
                              (1.0,1.0,1.0)),
                    'blue': ((0.0,0.0,0.0),
                             (0.7450,0.0,0.0),
                             (1.0,1.0,1.0))
                }
                
red_temp = mpl.colors.LinearSegmentedColormap('redtemp',
                                                     red_temp_dict,
                                                     N=2048)

jetblack_mayavi = []
for i in np.linspace(0,1.0,255):
    jetblack_mayavi.append(np.array(jetblack(i))*255)
jetblack_mayavi = np.array(jetblack_mayavi)

#Define a colormap
red_temp_mayavi = np.zeros([256,4])
red_temp_mayavi[0:176,0] = np.linspace(0,255,176)
red_temp_mayavi[176:,0] = 255
red_temp_mayavi[121:,1] = np.linspace(0,255,135)
red_temp_mayavi[191:,2] = np.linspace(0,255,65)
red_temp_mayavi[:,3] = 255



[docs]def fieldlines(v1, v2, seeds, dS=1):
    """
    Simple 2D Euler fieldline integrator.
    
    Parameters
    ----------
    v1,v2 : numpy.ndarray (2D)
        y and x vector arrays
    seeds : numpy.ndarray
        array of coordinate (array indexes) pairs
    dS : float
        step size (default value is 1.0)
    """
    
    field = []
    #Get extent of domain
    max1 = v1.shape[0]
    max2 = v2.shape[1]
    min2 = 0
    min1 = 0
    #integrate for each fieldline
    for seed in seeds:
        c1,c2 = seed
        out1 = [c1] #first point is seed
        out2 = [c2]
        cnt = 0
        
        while (c1 <= max1 and c1 >= min1) and (c2 <= max2 and c2 >= min2):
            #Interpolate the vector field to the coord
            coords = np.array([[c1],[c2]])
            v1i = ndimage.map_coordinates(v1,coords)[0]
            v2i = ndimage.map_coordinates(v2,coords)[0]
            vi = np.sqrt(v1i**2 + v2i**2)
            
            d1 = ( v1i * dS )/ vi
            d2 = ( v2i * dS )/ vi
            c1 -= d1 
            c2 -= d2
            
            out1.append(c1)
            out2.append(c2)
            
            cnt += 1
            if cnt > 500: # Maximum iteration limit
                print "limit"
                break
        out = np.zeros([len(out1),len(out2)])
        out[0] = out1
        out[1] = out2
        field.append(out)
    
    return np.array(field)
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  Source code for pysac.io.gdf_writer

"""
Routines for the writing of GDF files
"""

import copy

import numpy as np
import astropy.units as u

import h5py
from h5py import h5s, h5p, h5fd

__all__ = ['write_field', 'write_field_u', 'create_file', 'SimulationParameters']


[docs]class SimulationParameters(dict):
    def __init__(self, *args, **kwargs):
        self.REQUIRED_KEYS = ('refine_by', 'dimensionality', 'domain_dimensions',
                              'current_time', 'domain_left_edge', 'domain_right_edge',
                              'unique_identifier', 'cosmological_simulation',
                              'num_ghost_zones', 'field_ordering',
                              'boundary_conditions')

        for key in self.REQUIRED_KEYS:
            self[key] = None

        self['refine_by'] = 0
        self['cosmological_simulation'] = 0
        self['unique_identifier'] = 'sacgdf2014'
        super(SimulationParameters, self).__init__(*args, **kwargs)
    
    def __str__(self):
        
        head = """
Simulation Parameters Object
----------------------------

Required Attributes:

"""
        
        for key in self.REQUIRED_KEYS:
            head += key+': {{{0}}}\n'.format(key)
        
        others = copy.copy(self)
        for key in self.REQUIRED_KEYS:
            others.pop(key)
        
        if len(others):
            tail = """
Other Attributes:

"""
            for key in others:
                tail += key+': {{{0}}}\n'.format(key)
        
        else:
            tail = ''
        
        string = head.format(**self) + tail.format(**others)
        
        return string
    
    def __repr__(self):
        return str(self)



[docs]def create_file(f, simulation_parameters, grid_dimensions, 
                data_author=None, data_comment=None):
    """
    Do all the structral creation of a gdf file.

    gdf files should be written in a x,y,z order, please swap them before
    calling this function!!

    Parameters
    ----------
    gdf_path: string or h5py instance
        Filename to save out

    simulation_parameters: dict
        Key value pairs for attributes to be written to the 
        simulation_parameters group.

    grid_dimensions

    data_author: (optional) string
        Author to write to file

    data_comment: (optional) string
        A comment to write to file

    Returns
    -------
    h5py.File instance

    Notes
    -----
    GDF is defined here: https://bitbucket.org/yt_analysis/grid_data_format/
    """
    if isinstance(f, basestring):
        f = h5py.File(f, 'a')

    # "gridded_data_format" group
    g = f.create_group("gridded_data_format")
    g.attrs["data_software"] = "Sheffield Advanced Code"
    g.attrs["data_software_version"] = "pySAC0.2"
    if data_author is not None:
        g.attrs["data_author"] = data_author
    if data_comment is not None:
        g.attrs["data_comment"] = data_comment

    # "simulation_parameters" group
    g = f.create_group("simulation_parameters")
    for key, value in simulation_parameters.items():
        g.attrs[key] = value


    # "field_types" group
    g = f.create_group("field_types")

    # "particle_types" group
    g = f.create_group("particle_types")

    # root datasets -- info about the grids
    f["grid_dimensions"] = np.reshape(grid_dimensions, (1, 3)) #needs to be 1XN
    f["grid_left_index"] = np.zeros((1,3)) #needs to be 1XN
    f["grid_level"] = np.zeros(1)
    # @todo: Fill with proper values
    f["grid_parent_id"] = np.zeros(1)
    f["grid_particle_count"] = np.zeros((1,1))

    # "data" group -- where we should spend the most time
    d = f.create_group("data")
    gr = d.create_group("grid_%010i"%0)

    return f


[docs]def write_field_u(gdf_file, data, field_title, field_name, field_shape=None,
                arr_slice=np.s_[:], staggering=0,
                collective=False, api='high'):
    """
    Write a field to an existing gdf file.

    Parameters
    ----------

    gdf_file: h5py.File
        Open, writeable gdf file

    data: astropy.units.Quantity
        The data to be written

    field_tile: str
        The name of the field dataset

    field_name: str
        The long name for the field

    field_shape: (optional) tuple
        The shape of the whole dataset, if not specified use data.shape.

    arr_slice: (optional) np.s_
        The slice of the whole dataset to write

    staggering: (optional) int
        The 'staggering' of the gdf field

    """
    gr = gdf_file["/data/grid_%010i"%0]
    field = data.si

    if not field_shape:
        field_shape = field.shape

    dset = gr.create_dataset(field_title, field_shape, dtype='d')

    fv = gdf_file['field_types'].create_group(field_title)
    fv.attrs['field_name'] = field_name
    fv.attrs['field_to_cgs'] = field.unit.to_system(u.cgs)[0].scale
    fv.attrs['field_units'] = np.string_(field.unit.to_string("latex").strip('$'))
    fv.attrs['staggering'] = staggering

#    gr[field_title][arr_slice] = np.array(field)
    if api == 'high':
        _write_dset_high(dset, field, arr_slice, collective=collective)
    elif api == 'low':
        _write_dset_low(dset, field, arr_slice, collective=collective)
    else:
        raise ValueError("Please specifiy 'high' or 'low'")


[docs]def write_field(gdf_file, field, field_shape=None, arr_slice=np.s_[:],
                collective=False, api='high'):
    """
    Write a field to an existing gdf file.

    Parameters
    ----------

    gdf_file: h5py.File
        Open, writeable gdf file

    field: dict
        A dict containing the following keys:
            'field': ndarray
            'field_title': string
            'field_name': string
            'field_units': string
            'field_to_cgs': float
            'staggering': 0 or 1

    arr_slice: (optional) np.s_
        The slice of the whole dataset to write

    staggering: (optional) int
        The 'staggering' of the gdf field

    collective: bool
        Use MPI collective write

    api: str
        'high' or 'low' signifiyng the h5py API to use for write. Used for
        benchmarking.

    """
    gr = gdf_file["/data/grid_%010i"%0]

    if not field_shape:
        field_shape = field['field'].shape

    dset = gr.create_dataset(field['field_title'], field_shape, dtype='d')

    fv = gdf_file['field_types'].create_group(field['field_title'])
    fv.attrs['field_name'] = field['field_name']
    fv.attrs['field_to_cgs'] = field['field_to_cgs']
    fv.attrs['field_units'] = field['field_units']
    fv.attrs['staggering'] = field['staggering']

    if api == 'high':
        _write_dset_high(dset, field['field'], arr_slice, collective=collective)
    elif api == 'low':
        _write_dset_low(dset, field['field'], arr_slice, collective=collective)
    else:
        raise ValueError("Please specifiy 'high' or 'low'")



def _write_dset_high(dset, data, arr_slice,collective=False):
    if collective:
        with dset.collective:
            dset[arr_slice] = np.ascontiguousarray(data)
    else:
        dset[arr_slice] = np.ascontiguousarray(data)

def _write_dset_low(dset, data, arr_slice, collective=False):
    memory_space = h5s.create_simple(data.shape)
    file_space = dset.id.get_space()

    s = (arr_slice[0].start,arr_slice[1].start,arr_slice[2].start)
    e = (arr_slice[0].stop,arr_slice[1].stop,arr_slice[2].stop)

    count = tuple([ee - ss for ss,ee in zip(s,e)])

    file_space.select_hyperslab(s, count)

    if collective:
        dxpl = h5p.create(h5p.DATASET_XFER)
        dxpl.set_dxpl_mpio(h5fd.MPIO_COLLECTIVE)
    else:
        dxpl = None

    dset.id.write(memory_space, file_space,
            np.ascontiguousarray(data),dxpl=dxpl)
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  Source code for pysac.io.legacy.legacy

"""
A set of classes and routines for handling RAW SAC output in "unformatted FORTRAN"
files and also version 1 HDF5 files, before the adoption of the GDF layout
"""
import os
import struct

import h5py
import numpy as np


__all__ = ['VACfile', 'VAChdf5', 'VACdata', 'SACdata']

#==============================================================================
# File I/O Classes
#==============================================================================

class FortranFile(file):
    """
    File with methods for dealing with fortran unformatted data files

    Credit: Neil Martinsen-Burrell [via Enthought Mailing list]
    """

    def __init__(self,fname, mode='r', buf=0):
         """Open the file for writing, defaults to little endian."""
         file.__init__(self, fname, mode, buf)
         self.setEndian('<')

    def setEndian(self,c):
        """
        Set endian to big (c='>') or little (c='<') or native (c='@')

        Parameters
        ----------
        c : string
            The endian-ness to use when reading from this file.
        """
        if c == '<' or c == '>' or c =='@' or c == '=':
            self.ENDIAN = c
        else:
            raise ValueError('Cannot set endian-ness')

    def readString(self):
        """Read in a string with error checking"""
        l = struct.unpack(self.ENDIAN+'i',self.read(4))[0]
        str = self.read(l)
        if  struct.unpack(self.ENDIAN+'i',self.read(4))[0] != l:
            raise IOError('Error reading string from data file')
        return str

    def writeString(self,s):
        """
        Write a string

        Parameters
        ----------
        s : str
            The string to write
        """
        self.write(struct.pack(self.ENDIAN + 'i', len(s)))
        self.write(s.encode("latin-1"))
        self.write(struct.pack(self.ENDIAN + 'i', len(s)))

    def readReals(self, prec='d'):
        """Read in an array of reals (given precision) with error checking"""

        if prec not in ['d','f']:
             raise ValueError('Not an appropriate precision')

        l = struct.unpack(self.ENDIAN+'i',self.read(4))[0]
        data_str = self.read(l)
        len_real = struct.calcsize(prec)
        if l % len_real != 0:
            raise IOError('Error reading array of reals from data file')
        num = l/len_real
        reals = struct.unpack(self.ENDIAN+str(num)+prec,data_str)
        if struct.unpack(self.ENDIAN+'i',self.read(4))[0] != l:
            raise IOError('Error reading array of reals from data file')
        return list(reals)

    def writeReals(self, reals, prec='d'):
        """
        Write an array of floats in given precision

        Parameters
        ----------
        reals : array
            Data to write
        prec : str
            Character code for the precision to use in writing
        """
        reals = np.asarray(reals)
        if prec not in ['d','f']:
            raise ValueError('Not an appropriate precision')

        self.write(struct.pack(self.ENDIAN + 'i', reals.nbytes))
        self.write(struct.pack(self.ENDIAN + prec * reals.size,
                               *reals.flatten(order='F')))
        self.write(struct.pack(self.ENDIAN + 'i', reals.nbytes))

    def readInts(self):
        """Read in an array of integers with error checking"""
        l = struct.unpack('i',self.read(4))[0]
        data_str = self.read(l)
        len_int = struct.calcsize('i')
        if l % len_int != 0:
            raise IOError('Error reading array of integers from data file')
        num = l/len_int
        ints = struct.unpack(str(num)+'i',data_str)
        if struct.unpack(self.ENDIAN+'i',self.read(4))[0] != l:
            raise IOError('Error reading array of integers from data file')
        return list(ints)

    def writeInts(self, ints):
        """
        Write an array of integers in given precision

        Parameters
        ----------
        ints : array
            Data to write
        """
        self.write(struct.pack(self.ENDIAN + 'i', struct.calcsize('i') * len(ints)))
        self.write(struct.pack(self.ENDIAN + 'i' * len(ints), *ints))
        self.write(struct.pack(self.ENDIAN + 'i', struct.calcsize('i') * len(ints)))

    def readRecord(self):
         """Read a single fortran record"""
         l = struct.unpack(self.ENDIAN+'i',self.read(4))[0]
         data_str = self.read(l)
         # check length
         if len(data_str) != l:
             raise IOError('Didn''t read enough data')
         check = self.read(4)
         if len(check) != 4:
             raise IOError('Didn''t read enough data')
         if struct.unpack(self.ENDIAN+'i',check)[0] != l:
             raise IOError('Error reading record from data file')
         return data_str

    def readParams(self,prec='d'):
        """Reads the Params line which is a mix of Ints and Reals"""
        #Check that prec is spec'd proper
        if prec not in ['d','f']:
            raise ValueError('Not an appropriate precision')
        #read in line
        data_str = self.readRecord()
        pars = struct.unpack(self.ENDIAN+'idiii', data_str)
        return list(pars)

    def writeParams(self, params):
        self.write(struct.pack(self.ENDIAN + 'i', 24))
        self.write(struct.pack(self.ENDIAN + 'idiii', *params))
        self.write(struct.pack(self.ENDIAN + 'i', 24))

[docs]class VACfile():
    def __init__(self, fname, mode='r', buf=0):
        """
        Base input class for VAC Unformatted binary files.
        Based on FortranFile has been modified to read VAC / SAC output files.

        Parameters
        ----------
        fname:    string
            Input Filename

        mode: {'r' | 'w'}
            I/O mode (only 'r' is fully supported)

        buf: int
            underlying I/O buffer size
        Returns
        -------
        Reads a iteration into the following structure:
        
        file.header: -Dictionary containging
                     -filehead: string at begging of file
                     -params: Iteration Parameters, it, t, ndim, neqpar, nw
                     -nx: Size of cordinate array [list]
                     -eqpar: eqpar\_ parameters [list]
                     -varnames: list containg varible names for dimensions, nw and eqpar?
        file.w : w array from file which is [params,[nx]] in size
        file.w\_: dict containing the {varname:index} pairs for the w array
        file.x : x array from file which is [ndim,[nx]] in size
        
        """
        #Do FORTRAN read init, set Endian for VAC/SAC files
        self.file = FortranFile(fname,mode,buf)
        self.file.setEndian('<')

        if mode == 'r':
            self.process_step()
            self.recordsize = self.file.tell()
            self.num_records = os.stat(fname).st_size / self.recordsize

            #Find out first and last time values
            self.t_start = self.header['params'][1]
            self.read_timestep(self.num_records)
            self.t_end = self.header['params'][1]
            self.header['final t'] = self.t_end
            self.read_timestep(1)

            print "File is %i Records Long"%self.num_records

        elif mode == 'w':
            #Set up varibles to be filled and then written
            self.header = []
        else:
            raise ValueError("mode must be 'r' or 'w'")

[docs]    def read_timestep(self,i):
        self.file.seek(int(i-1) * self.recordsize)
        self.process_step()


[docs]    def process_step(self):
        """
        Does the raw file processing for each timestep

        Sets up the header and reads and reshapes the arrays
        """
        self.header = {}
        self.header['filehead'] = self.file.readString()
        self.header['params'] = self.file.readParams()
        #params is: it, t, ndim, neqpar, nw
        self.header['it'] = self.header['params'][0]
        self.header['t'] = self.header['params'][1]
        self.header['ndim'] = self.header['params'][2]
        self.header['neqpar'] = self.header['params'][3]
        self.header['nw'] = self.header['params'][4]
        self.header['nx'] = self.file.readInts()
        self.header['eqpar'] = self.file.readReals()
        self.header['varnames'] = self.file.readRecord().split()

#        self.x = np.zeros([self.header['ndim']] + self.header['nx'])
#        for i in range(0,self.header['ndim']):
#            self.x[i] = np.reshape(self.file.readReals(), self.header['nx'], order='F')
        self.x = self.file.readReals()
#        s = self.header['nx'] + [self.header['ndim']]
        s = [self.header['ndim']] + self.header['nx']
        self.x = np.reshape(self.x,s,order='F') ## - Don't know! Array was wrong
        #shape when using F order, makes me wonder!

        self.w = np.zeros([self.header['params'][-1]]+self.header['nx'],order='F')
        for i in xrange(0,self.header['params'][-1]):
            self.w[i] = np.reshape(self.file.readReals(), self.header['nx'], order='F')
        self.w_ = {}
        ndim = self.header['params'][2]
        nw = self.header['params'][-1]
        #find h in varnames (to prevent x y h bug in 3D file)
        index = next((i for i in xrange(len(self.header['varnames']))
                    if not(self.header['varnames'][i] in ["x","y","z"])),ndim)
        for i,name in enumerate(self.header['varnames'][index:nw+index]):
            self.w_.update({name:i})


    def _write_header(self):
        """ Write header information """

        #Validate Header
        if not all([t in self.header for t in ['filehead', 'nx', 'eqpar']]):
            raise ValueError('Invalid header for writing')

        if not ('params' in self.header or
                all([t in self.header for t in
                                        ['it', 't', 'ndim', 'neqpar', 'nw']])):
            raise ValueError('Invalid header for writing')

        #pad the header to 79 characters as the distribute script needs it like
        #that even though SAC dosen't
        self.file.writeString(self.header['filehead'])#.ljust(79))

        if 'params' in self.header:
            params = self.header['params']

        else:
            params = [self.header['it'], self.header['t'], self.header['ndim'],
                      self.header['neqpar'], self.header['nw']]

        self.file.writeParams(params)
        self.file.writeInts(self.header['nx'])
        self.file.writeReals(self.header['eqpar'])
        self.file.writeString(" ".join(self.header['varnames']))

    def _write_data(self):
        """ Save arrays into unformatted fortran file """
        self.file.writeReals(self.x, prec='d')
        for w in self.w:
            self.file.writeReals(w, prec='d')

[docs]    def write_step(self):
        #Make sure you are saving the correct size data
        assert tuple(self.header['nx']) == self.w[0].shape
        assert tuple(self.header['nx']) == self.x[0].shape

        self._write_header()
        self._write_data()


[docs]    def close(self):
        self.file.close()



[docs]class VAChdf5():
    def __init__(self, filename, mode='r'):
        """
        Based on FortranFile has been modified to read VAC / SAC HDF5 files.

        Reads a iteration into the following structure:
        
        file.header: 
        -Dictionary containging
        -filehead: string at begging of file
        -params: Iteration Parameters, it, t, ndim, neqpar, nw
        -nx: Size of cordinate array [list]
        -eqpar: eqpar\_ parameters [list]
        -varnames: list containg varible names for dimensions, nw and eqpar?
        file.w : w array from file which is [params,[nx]] in size
        file.w\_: dict containing the {varname:index} pairs for the w array
        file.x : x array from file which is [ndim,[nx]] in size

        Also creates HDF5 specific attributes:
        
        file.sac_group - Holds the x and time_group attributes.
        file.time_group - Holds the series of w arrays.

        Largely the HDF5 file is designed so the functionality mimics the VAC
        binary file, i.e. all the vars are still in the W array etc.
        """
        self.mode = mode
        self.h5file = h5py.File(filename,mode)

        if mode == 'r':
            #Open top level group
            if not("SACdata" in self.h5file.keys()):
                print """Are you sure this is a proper SAC HDF5 file?
                    Opening first group."""
                self.sac_group = self.h5file[self.h5file.keys()[0]]
            else:
                self.sac_group = self.h5file["SACdata"]

            self.x = self.sac_group['x']

            self.header = dict(self.sac_group.attrs)
            self.header['neqpar'] = int(self.header['neqpar'])
            self.header['ndim'] = int(self.header['ndim'])
            try:
                self.header['filehead'] = self.h5file.attrs['filehead'][0]
            except:
                pass

            self.time_group = self.sac_group['wseries']
            self.header.update(dict(self.time_group.attrs))
            self.header['varnames'] = self.header['varnames'][0].split()
            self.read_timestep(0)
            self.t_start = self.header['t']
            if 'final t' in self.sac_group.attrs:
                self.header['final t'] = self.sac_group.attrs['final t']
                self.t_end = self.sac_group.attrs['final t']
            else:
                self.t_end = self.time_group.items()[-1][1].attrs['t']#[0] ##don't know
                self.header['final t'] = self.t_end

            self.num_records = len(self.time_group.items())

        elif mode =='w':
            self._has_header = False
            #Create sacdata group
            self.sac_group = self.h5file.create_group("SACdata")
            #create wseries group
            self.time_group = self.sac_group.create_group("wseries")
        else:
            raise ValueError("mode must be 'r' or 'w'")

[docs]    def read_timestep(self,i):
        wstepname = self.time_group.keys()[i]
        self.header['it'] = int(self.time_group[wstepname].attrs['it'])
        self.header['t'] = float(self.time_group[wstepname].attrs['t'])
        #to maintain backwards compatibility with VACfile
        self.header['params'] = [self.header['it'], self.header['t'],
                                self.header['ndim'], self.header['neqpar'],
                                self.header['nw']]

        self.w = self.time_group[wstepname]
        self.w_ = {}
        self.w_dict = {}
        index = next((i for i in xrange(len(self.header['varnames'])) if not(
            self.header['varnames'][i] in ["x","y","z"])),self.header['ndim'])

        for i,name in enumerate(
                    self.header['varnames'][index:self.header['nw'] + index]):
            self.w_.update({name:i})
            self.w_dict.update({name:self.w[i]})


    def _write_header(self):
        """ Populate top level attributes with the file meta data """
        if self.mode == 'r':
            raise Exception("This is only vaild if mode = 'r'")

        #Write file level attributes
        self.h5file.attrs.create('filehead', self.header['filehead'])
        if 'filedesc' in self.header:
            desc = self.header['filedesc']
        else:
            desc = 'This is a SAC HDF5 file written by pySAC'
        self.h5file.attrs.create('filedesc', desc)

        #populate the SAC group
        self.sac_group.attrs.create('eqpar', self.header['eqpar'])
        self.sac_group.attrs.create('ndim', self.header['ndim'])
        self.sac_group.attrs.create('neqpar', self.header['neqpar'])
        self.sac_group.attrs.create('nx', self.header['nx'])

        #Populate the wseries group
        self.time_group.attrs.create('nw', self.header['nw'])
        #This is saved in a list to match FORTRAN behavior
        self.time_group.attrs.create('varnames', [" ".join(self.header['varnames'])])

        #write x array
        self.sac_group.create_dataset('x', data=self.x)

        self._has_header = True

[docs]    def write_step(self):
        """ Save step data into hdf5 file """
        if self.mode == 'r':
            raise Exception("This is only vaild if mode = 'r'")

        if not self._has_header:
            self._write_header()

        dset = self.time_group.create_dataset('w%05i'%self.header['it'], data=self.w)

        dset.attrs.create('it', self.header['it'])
        dset.attrs.create('t', self.header['t'])


[docs]    def close(self):
        if self.mode == 'w':
            #Write out final info to sacgroup
            self.sac_group.attrs.create('final t', self.header['t'])
            self.sac_group.attrs.create('nt', self.header['it'])
        self.h5file.close()


#==============================================================================
# VAC / SAC data classes for UI and Output (hopefully)
#==============================================================================



[docs]class VACdata(object):
    """ This is a file type independant class that should expose a VACfile or
    VACHDF5 file so it is transparent to the end user. """

    def _get_file_type(self, filename, filetype='auto'):
        """ This method determines the filetype based on user input or the
        file extension"""

        filePrefix, fileExt = os.path.splitext(filename)
        if fileExt == '.h5':
            ofiletype = 'hdf5'
        elif fileExt in ['.ini', '.out']:
            ofiletype ='fort'
        else:
            if filetype == 'auto':
                raise TypeError(
                        "File type can not be automatically determined")
            else:
                if filetype in ['hdf5', 'fort']:
                    ofiletype = filetype
                else:
                    raise ValueError(
"Specified filetype is not valid. Filetype should be one of { 'hdf5' | 'fort' }")
        return ofiletype

    def __init__(self, filename, filetype='auto'):
        """
        Create a VACdata class.

        Parameters
        ----------
        filename: str

        filetype: str {'auto' | 'fort' | 'hdf5' }
        """

        #Detect filetype and open file for reading.
        filetype = self._get_file_type(filename, filetype)

        if filetype == 'hdf5':
            self.file = VAChdf5(filename)

        elif filetype == 'fort':
            self.file = VACfile(filename, mode='r')

    @property
    def w(self):
        return self.file.w

    @property
    def x(self):
        return self.file.x

    @property
    def w_(self):
        return self.file.w_

    @property
    def w_dict(self):
        return self.file.w_dict

    @property
    def header(self):
        return self.file.header

    @property
    def t_start(self):
        return self.file.t_start

    @property
    def t_end(self):
        return self.file.t_end

    @property
    def num_records(self):
       return self.file.num_records

[docs]    def read_timestep(self, i):
        """
        Read in the specified time step

        Parameters
        ----------
        i: int
            Time Step number
        """
        self.file.read_timestep(i)



[docs]class SACdata(VACdata):
    """
    This adds specifications to VACdata designed for SAC simulations in 2D or
    3D with magnetic field.

    This adds the background and pertubation varibles into a new w_sac dict.
    """

    def __init__(self, filename, filetype='auto'):
        VACdata.__init__(self, filename, filetype=filetype)
        self.update_w_sac()

[docs]    def update_w_sac(self):
        """
        This method creates the w_sac dictionary for the current timestep.
        """
        self.w_sac = {}
        if self.header['ndim'] == 2:
            self.w_sac.update({'rho':self.w[self.w_["h"]] +
                                                    self.w[self.w_["rhob"]]})
            self.w_sac.update({'v1':self.w[self.w_["m1"]] / self.w_sac['rho']})
            self.w_sac.update({'v2':self.w[self.w_["m2"]] / self.w_sac['rho']})
            self.w_sac.update({'e':self.w[self.w_["e"]] +
                                                        self.w[self.w_["eb"]]})
            self.w_sac.update({'b1':self.w[self.w_["b1"]] +
                                                    self.w[self.w_["bg1"]]})
            self.w_sac.update({'b2':self.w[self.w_["b2"]] +
                                                    self.w[self.w_["bg2"]]})

        if self.header['ndim'] == 3:
            self.w_sac.update({'rho':self.w[self.w_["h"]] +
                                                    self.w[self.w_["rhob"]]})
            self.w_sac.update({'v1':self.w[self.w_["m1"]] / self.w_sac['rho']})
            self.w_sac.update({'v2':self.w[self.w_["m2"]] / self.w_sac['rho']})
            self.w_sac.update({'v3':self.w[self.w_["m3"]] / self.w_sac['rho']})
            self.w_sac.update({'e':self.w[self.w_["e"]] +
                                                        self.w[self.w_["eb"]]})
            self.w_sac.update({'b1':self.w[self.w_["b1"]] +
                                                    self.w[self.w_["bg1"]]})
            self.w_sac.update({'b2':self.w[self.w_["b2"]] +
                                                    self.w[self.w_["bg2"]]})
            self.w_sac.update({'b3':self.w[self.w_["b3"]] +
                                                    self.w[self.w_["bg3"]]})


[docs]    def get_w_yt(self):
        self.w_yt = {}
        if self.header['ndim'] == 3:
            self.w_yt.update({'Bx':self.w_sac['b2'],
                              'By':self.w_sac['b3'],
                              'Bz':self.w_sac['b1']})

            self.w_yt.update({'x-velocity':self.w_sac['v2'],
                              'y-velocity':self.w_sac['v3'],
                              'z-velocity':self.w_sac['v1']})

            self.w_yt.update({'Density':self.w_sac['rho'],
                              'e':self.w_sac['e']})

        if self.header['ndim'] == 2:
            raise ValueError("Doesn't support 2D")

        return self.w_yt


[docs]    def read_timestep(self,i):
        VACdata.read_timestep(self,i)
        self.update_w_sac()


[docs]    def convert_B(self):
        """
        This function corrects for the scaling of the magentic field units.

        It will convert the magnetic field into Tesla for the current time
        step.

        WARNING: The conservative variable calculations are in SAC scaled
        magnetic field units, this conversion should be run after accessing any
        calculatuions involving the magnetic field
        """
        mu = 1.25663706e-6
        if self.header['ndim'] == 2:
            self.w_sac['b1'] *= np.sqrt(mu)
            self.w_sac['b2'] *= np.sqrt(mu)
        if self.header['ndim'] == 3:
            self.w_sac['b1'] *= np.sqrt(mu)
            self.w_sac['b2'] *= np.sqrt(mu)
            self.w_sac['b3'] *= np.sqrt(mu)


[docs]    def get_thermalp(self,beta=False):
        """Calculate Thermal pressure from varibles """
        if self.header['ndim'] == 3:
            #raise NotImplementedError("This Dosen't work for 3D yet, go fix")
            g1 = (self.header['eqpar'][0]-1)
            kp = (self.w_sac['rho'] * (self.w_sac['v1']**2 + self.w_sac['v2']**2 + self.w_sac['v3']**2))/2.
            mp = (self.w_sac['b1']**2 + self.w_sac['b2']**2 + self.w_sac['b3']**2) / 2.
            p = g1 * (self.w_sac['e'] - kp - mp)
            #p = (\gamma -1) ( e - \rho v^2/2 - B^2/2)
        else:
            g1 = (self.header['eqpar'][0]-1)
            kp = (self.w_sac['rho'] * (self.w_sac['v1']**2 + self.w_sac['v2']**2))/2.
            mp = (self.w_sac['b1']**2 + self.w_sac['b2']**2) / 2.
            p = g1 * (self.w_sac['e'] - kp - mp)

        if beta:
            return p, mp
        else:
            return p


[docs]    def get_bgp(self):
        print "WARNING: Background Pressure will not work if inital conditions are not V=0"
        if self.header['ndim'] == 3:
            #raise NotImplementedError("This Dosen't work for 3D yet, go fix")
            g1 = (self.header['eqpar'][0]-1)
            kp = 0.0#(self.w[self.w_["rhob"]] * (self.w_sac['v1']**2 + self.w_sac['v2']**2 + self.w_sac['v3']**2))/2.
            mp = (self.w[self.w_["bg1"]]**2 + self.w[self.w_["bg2"]]**2 + self.w[self.w_["bg3"]]**2) / 2.
            p = g1 * (self.w[self.w_["eb"]] - kp - mp)
            #p = (\gamma -1) ( e - \rho v^2/2 - B^2/2)
        else:
            g1 = (self.header['eqpar'][0]-1)
            kp = 0.0#(self.w[self.w_["rhob"]] * (self.w_sac['v1']**2 + self.w_sac['v2']**2))/2.
            mp = (self.w[self.w_["bg1"]]**2 + self.w[self.w_["bg2"]]**2) / 2.
            p = g1 * (self.w[self.w_["eb"]] - kp - mp)
        return p


[docs]    def get_total_p(self):
        if self.header['ndim'] == 3:
           gamma = self.header['eqpar'][0]

           vtot2 = (self.w_sac['v1']**2 + self.w_sac['v2']**2 + self.w_sac['v3']**2)
           therm = self.w[self.w_["e"]] - (self.w_sac["rho"] * vtot2) / 2.

           Bpert = self.w[self.w_['b1']] + self.w[self.w_['b2']] + self.w[self.w_['b3']]
           Bpert2 = self.w[self.w_['b1']]**2 + self.w[self.w_['b2']]**2 + self.w[self.w_['b3']]**2
           Bback = self.w[self.w_['bg1']] + self.w[self.w_['bg2']] + self.w[self.w_['bg3']]
           mag = Bback * Bpert + (Bpert2 / 2.)

           return (gamma - 1) * therm - (gamma - 2) * mag
        else:
            raise NotImplementedError("This Dosen't work for 2D yet, go fix")


[docs]    def get_temp(self,p=None):
        if not(p):
            p = self.get_thermalp()
        T = (p * 1.2) / (8.3e3 * self.w_sac['rho'])
        return T


[docs]    def get_bgtemp(self):
        print "WARNING: Background Temprature will not work if inital conditions are not V=0"
        if self.header['ndim'] == 3:
            kp = 0.0#(self.w[self.w_["rhob"]] * (self.w_sac['v1']**2 + self.w_sac['v2']**2 + self.w_sac['v3']**2))/2.
            mp = (self.w[self.w_["bg1"]]**2 + self.w[self.w_["bg2"]]**2 + self.w[self.w_["bg3"]]**2) / 2.
            T = self.w[self.w_["eb"]] - kp - mp
        else:
            kp = 0.0#(self.w[self.w_["rhob"]] * (self.w_sac['v1']**2 + self.w_sac['v2']**2))/2.
            mp = (self.w[self.w_["bg1"]]**2 + self.w[self.w_["bg2"]]**2) / 2.
            T = self.w[self.w_["eb"]] - kp - mp
        return T


[docs]    def get_va(self):
        return (np.sqrt(self.w_sac['b1']**2 + self.w_sac['b2']**2
                        + self.w_sac['b3']**2) / np.sqrt(self.w_sac['rho']))
        #return (abs(self.w_sac['b1']) + abs(self.w_sac['b2']) + abs(self.w_sac['b3'])) / sqrt(self.w_sac['rho'])


[docs]    def get_cs(self,p=None):
        if not p:
            p = self.get_thermalp()
        g1 = self.header['eqpar'][0]
        return np.sqrt((g1 * p) / self.w_sac['rho'])
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  Source code for pysac.analysis.tube3D.process_utils

# -*- coding: utf-8 -*-
"""
This module contains routines to convert from SACData and yt DataSets into
tvtk fields via mayavi.
"""
import numpy as np

from mayavi.tools.sources import vector_field, scalar_field

__all__ = ['get_sacdata_mlab', 'get_yt_mlab', 'process_next_step_yt',
           'process_next_step_sacdata', 'yt_to_mlab_vector']

[docs]def get_sacdata_mlab(f, cube_slice, flux=True):
    """
    Reads in useful variables from a hdf5 file to vtk data structures
    
    Parameters
    ----------
    f : hdf5 file handle
        SAC HDF5 file

    flux : boolean
        Read variables for flux calculation?
    
    cube_slice : np.slice
        Slice to apply to the arrays
    
    Returns
    -------
    bfield, vfield[, density, valf, cs, beta]
    """
    
    #Do this before convert_B
    if flux:
        va_f = f.get_va()
        cs_f = f.get_cs()
        thermal_p,mag_p = f.get_thermalp(beta=True)
        beta_f = mag_p / thermal_p

    #Convert B to Tesla
    f.convert_B()
    
    # Create TVTK datasets
    bfield = vector_field(f.w_sac['b3'][cube_slice] * 1e3,
                                        f.w_sac['b2'][cube_slice] * 1e3, 
                                        f.w_sac['b1'][cube_slice] * 1e3,
                                        name="Magnetic Field",figure=None)
    
    vfield = vector_field(f.w_sac['v3'][cube_slice] / 1e3,
                                        f.w_sac['v2'][cube_slice] / 1e3,
                                        f.w_sac['v1'][cube_slice] / 1e3,
                                        name="Velocity Field",figure=None)
    
    if flux:
        density = scalar_field(f.w_sac['rho'][cube_slice],
                                             name="Density", figure=None)
                                             
        valf = scalar_field(va_f, name="Alven Speed", figure=None)
        cs = scalar_field(cs_f, name="Sound Speed", figure=None)
        beta = scalar_field(beta_f, name="Beta", figure=None)
        
        return bfield, vfield, density, valf, cs, beta
    
    else:
        return bfield, vfield    


[docs]def yt_to_mlab_vector(ds, xkey, ykey, zkey, cube_slice=np.s_[:,:,:],
                      SI_scale=1, field_name=""):
    """
    Convert three yt keys to a mlab vector field
    
    Parameters
    ----------
    ds : yt dataset
        The dataset to get the data from.
    
    xkey, ykey, zkey : string
        yt field names for the three vector components.
    
    cube_slice : numpy slice
        The array slice to crop the yt fields with.
    
    SI_scale : float
        Conversion factor to SI units (multipled by the field).
    
    field_name : string
        The mlab name for the field.
    
    Returns
    -------
    field : mayavi vector field
    """
    cg = ds.h.grids[0]
    
    return vector_field(cg[xkey][cube_slice] * SI_scale,
                        cg[ykey][cube_slice] * SI_scale,
                        cg[zkey][cube_slice] * SI_scale,
                        name=field_name,figure=None)


def update_yt_to_mlab_vector(field, ds, xkey, ykey, zkey,
                             cube_slice=np.s_[:,:,:], SI_scale=1):
    """
    Update a mayavi field based on a yt dataset.
    
    Parameters
    ----------
    field : mayavi vector field
        The field to update.

    ds : yt dataset
        The dataset to get the data from.
    
    xkey, ykey, zkey : string
        yt field names for the three vector components.
    
    cube_slice : numpy slice
        The array slice to crop the yt fields with.
    
    SI_scale : float
        Conversion factor to SI units (multipled by the field).
    
    Returns
    -------
    field : mayavi vector field
    """
    cg = ds.h.grids[0]
    
    # Update Datasets
    field.set(vector_data = np.rollaxis(np.array([cg[xkey][cube_slice] * SI_scale,
                                                  cg[ykey][cube_slice] * SI_scale,
                                                  cg[zkey][cube_slice] * SI_scale]),
                                                  0, 4))
    return field

[docs]def get_yt_mlab(ds, cube_slice, flux=True):
    """
    Reads in useful variables from yt to vtk data structures, converts into SI
    units before return.
    
    Parameters
    ----------
    ds : yt dataset
        with derived fields
    flux : boolean
        Read variables for flux calculation?
    cube_slice : np.slice
        Slice to apply to the arrays
    
    Returns
    -------
    if flux:
        bfield, vfield, density, valf, cs, beta
    else:
        bfield, vfield        
    """
    cg = ds.h.grids[0]
    
    # Create TVTK datasets
    bfield = yt_to_mlab_vector(ds, 'mag_field_x', 'mag_field_y', 'mag_field_z',
                               cube_slice=cube_slice, SI_scale=1e4,
                               field_name="Magnetic Field")

    vfield = yt_to_mlab_vector(ds, 'velocity_x', 'velocity_y', 'velocity_z',
                               cube_slice=cube_slice, SI_scale=1e-2,
                               field_name="Velocity Field")
    
    if flux:
        density = scalar_field(cg['density'][cube_slice] * 1e-3,
                                             name="Density", figure=None)
                                             
        valf = scalar_field(cg['alfven_speed'] * 1e-2, name="Alven Speed", figure=None)
        cs = scalar_field(cg['sound_speed'] * 1e-2, name="Sound Speed", figure=None)
        beta = scalar_field(cg['plasma_beta'], name="Beta", figure=None)
        
        return bfield, vfield, density, valf, cs, beta
    
    else:
        return bfield, vfield


[docs]def process_next_step_yt(ds, cube_slice, bfield, vfield, density, valf, cs, beta):
    """
    Update all mayavi sources using a yt dataset, in SI units.
    
    Parameters
    ----------
    ds : yt dataset
        The dataset to use to update the mayavi fields
    
    cube_slice : np.s\_
        A array slice to cut the yt fields with
    
    bfield, vfield, density, valf, cs, beta : mayavi sources
        The sources to update
    
    Returns
    -------
    bfield, vfield, density, valf, cs, beta : mayavi sources
        The updated sources    
    """
    cg = ds.h.grids[0]
    
    # Update Datasets
    bfield.set(vector_data = np.rollaxis(np.array([cg['mag_field_x'][cube_slice] * 1e4,
                                                   cg['mag_field_y'][cube_slice] * 1e4,
                                                   cg['mag_field_z'][cube_slice] * 1e4]),
                                                   0, 4))
    vfield.set(vector_data = np.rollaxis(np.array([cg['velocity_x'][cube_slice] * 1e-2,
                                                   cg['velocity_y'][cube_slice] * 1e-2,
                                                   cg['velocity_z'][cube_slice] * 1e-2]),
                                                   0, 4))
    valf.set(scalar_data = cg['alfven_speed'] * 1e-2)
    cs.set(scalar_data = cg['sound_speed'] * 1e-2)
    beta.set(scalar_data = cg['plasma_beta'])
    density.set(scalar_data = cg['density'] * 1e-3)
    
    return bfield, vfield, density, valf, cs, beta


[docs]def process_next_step_sacdata(f, cube_slice, bfield, vfield, density, valf, cs, beta):
    """
    Update all mayavi sources using a SACData instance
    
    Parameters
    ----------
    ds : SACData instance
        The dataset to use to update the mayavi fields
    
    cube_slice : np.s\_
        A array slice to cut the yt fields with
    
    bfield, vfield, density, valf, cs, beta : mayavi sources
        The sources to update
    
    Returns
    -------
    bfield, vfield, density, valf, cs, beta : mayavi sources
        The updated sources
    """
    va_f = f.get_va()
    cs_f = f.get_cs()
    thermal_p,mag_p = f.get_thermalp(beta=True)
    beta_f = mag_p / thermal_p
    density_f = f.w_sac['rho']
    f.convert_B()
    
    # Update Datasets
    bfield.set(vector_data = np.rollaxis(np.array([f.w_sac['b3'][cube_slice] * 1e3,
                                                   f.w_sac['b2'][cube_slice] * 1e3,
                                                   f.w_sac['b1'][cube_slice] * 1e3]),
                                                   0, 4))
    vfield.set(vector_data = np.rollaxis(np.array([f.w_sac['v3'][cube_slice] / 1e3,
                                                   f.w_sac['v2'][cube_slice] / 1e3,
                                                   f.w_sac['v1'][cube_slice] / 1e3]),
                                                   0, 4))
    valf.set(scalar_data = va_f)
    cs.set(scalar_data = cs_f)
    beta.set(scalar_data = beta_f)
    density.set(scalar_data = density_f)
    
    return bfield, vfield, density, valf, cs, beta
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  Source code for pysac.analysis.wave_flux

# -*- coding: utf-8 -*-
r"""
Routines for the calculation of "Wave Energy Flux" as described in (Bogdan 2003).

This module used the following equations (from Bogdan 2003):

.. math::

    \vec{F}_{wave} \equiv \widetilde{p}_k \vec{v} + \frac{1}{\mu_0} \left(\vec{B}_b \cdot \vec{\widetilde{B}}\right) \vec{v} - \frac{1}{\mu_0}\left(\vec{v} \cdot \vec{\widetilde{B}} \right) \vec{B}_b
    
    F = pk*v + 1/mu[(Bb . B)v] * 1/mu[(v.B) Bb]
"""
import numpy as np

import pysac.io.yt_fields

__all__ = ['get_wave_flux', 'get_wave_flux_yt']

[docs]def get_wave_flux(f, pk):
    """
    Calculate the wave energy flux from a SACData instance and the kinetic pressure
        
    Parameters
    ----------
    f: VACdata instance
        RAW data file
    
    pk: np.ndarray
        Thermal pressure
    
    Returns
    -------
    Fwave: np.ndarray
        The wave energy flux
    """
    Bb = np.array([f.w_dict['bg3'], f.w_dict['bg2'], f.w_dict['bg1']])
    Bp = np.array([f.w_dict['b3'], f.w_dict['b2'], f.w_dict['b1']])
    V = np.array([f.w_sac['v3'], f.w_sac['v2'], f.w_sac['v1']])
    
    #Calculate wave flux
    Fp = 0.25*np.pi * (np.sum(Bb*Bp, axis=0)[None] * V) - (np.sum(V*Bp, axis=0)[None] * Bb)
    Fa = pk[None]*V
    
    Fwave = Fa + Fp
    return Fwave


[docs]def get_wave_flux_yt(ds, B_to_SI=1, V_to_SI=1, Pk_to_SI=1):
    """
    Calculate the wave energy flux from a yt dataset.
    
    Parameters
    ----------
    ds: yt dataset
        with derived fields
    
    Returns
    -------
    Fwave: np.ndarray
        The wave energy flux
    """
    cg = ds.h.grids[0]
    
    Bb = np.array([cg['mag_field_x_bg'], cg['mag_field_y_bg'], cg['mag_field_z_bg']])
    Bp = np.array([cg['mag_field_x_pert'], cg['mag_field_y_pert'], cg['mag_field_z_pert']])
    V = np.array([cg['velocity_x'], cg['velocity_y'], cg['velocity_z']])
    
    Bb *= B_to_SI
    Bp *= B_to_SI
    Pk = cg['thermal_pressure'] * Pk_to_SI
    
    #Calculate wave flux
    Fp = 0.25*np.pi * (np.sum(Bb*Bp, axis=0)[None] * V) - (np.sum(V*Bp, axis=0)[None] * Bb)
    Fa = Pk[None]*V
    
    Fwave = Fa + Fp
    return Fwave
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  Source code for pysac.analysis.tube3D.tvtk_tube_functions

# -*- coding: utf-8 -*-
"""
This submodule provides routines to generate and analyse "Flux Surfaces" as
described in (Mumford et. al. 2014).
Flux Surfaces are created by the tracing of a closed loop of fieldlines,
from which a surface is reconstructed by creating polygons between the 
pesudo parallel streamlines.
"""

import numpy as np
from tvtk.api import tvtk

__all__ = ['move_seeds', 'make_circle_seeds', 'create_flux_surface', 
           'update_flux_surface', 'make_poly_norms', 'norms_sanity_check',
           'get_surface_vectors', 'interpolate_scalars', 'interpolate_vectors',
           'update_interpolated_vectors', 'update_interpolated_scalars',
           'get_surface_velocity_comp', 'get_the_line', 'update_the_line',
           'get_surface_indexes', 'PolyDataWriter', 'write_step', 'write_flux',
           'write_wave_flux', 'read_step', 'get_data']

[docs]def move_seeds(seeds, vfield, dt):
    """
    Move a list of seeds based on a velocity field.

    .. warning:: WARNING: THIS IS HARD CODED FOR GRID SIZE!
    
    Parameters
    ----------
    seeds: tvtk.PolyData
        Old seed points
    
    vfield: mayavi.sources.array_source.ArraySource object
        The velocity field
    
    dt: float
        The time step betweent the current and the previous step.
    
    Returns
    -------
    
    seeds_arr: ndarray
        New Seed points    
    """
    v_seed = tvtk.ProbeFilter(source=vfield,input=seeds)
    v_seed.update()
    int_vels = np.array(v_seed.output.point_data.vectors)[:,:2]/(15.625*1e3)
    seed_arr = np.array(seeds.points)
    seed_arr[:,:2] += int_vels * dt
    
    #seeds.points = seed_arr
    return seed_arr


[docs]def make_circle_seeds(n, r, **domain):
    """
    Generate an array of n seeds evenly spaced in a circle at radius r.
    
    Parameters
    ----------
    n:  integer
        Number of Seeds to Create
    
    r:  float
        Radius of the Circle in grid points
    
    **domain: Dict
        kwargs specifiying the properties of the domain.
    
    Returns
    -------
    surf_seeds: tvtk.PolyData
        vtkPolyData containg point data with the seed locations.
        Needs: xmax, ymax, zmax
    """
    xc = domain['xmax']/2
    yc = domain['ymax']/2
    ti = 0
    
    surf_seeds = []
    for theta in np.linspace(0, 2 * np.pi, n, endpoint=False):
        surf_seeds.append([r * np.cos(theta + 0.5 * ti) + xc,
                      r * np.sin(theta + 0.5 * ti) + yc, domain['zmax']])
                      
    surf_seeds_arr = np.array(surf_seeds)
    surf_seeds = tvtk.PolyData()
    surf_seeds.points = surf_seeds_arr
    return surf_seeds


[docs]def create_flux_surface(bfield, surf_seeds):
    """
    Create a flux surface from an array of seeds and a tvtk vector field.
    
    Parameters
    ----------
    bfield: tvtk.ImageData
        The vector field to use for streamline traceing
    
    surf_seeds: numpy.ndarray
        The array of seed points to start the fieldline tracing from
    
    Returns
    -------
    surf_field_lines: tvtk.StreamTracer instance
        The fieldline tracer with the fieldlines stored inside it.
    
    surface: tvtk.RuledSurfaceFilter instance
        The surface built from the StreamTracer instance
    """
    #Make a streamline instance with the bfield
    surf_field_lines = tvtk.StreamTracer()
    surf_field_lines.input = bfield

    surf_field_lines.source = surf_seeds
    surf_field_lines.integrator = tvtk.RungeKutta4()
    surf_field_lines.maximum_propagation = 1000
    surf_field_lines.integration_direction = 'backward'
    surf_field_lines.update()

    #Create surface from 'parallel' lines
    surface = tvtk.RuledSurfaceFilter()
    surface.input = surf_field_lines.output
    surface.close_surface = True
    surface.pass_lines = True
    surface.offset = 0
    surface.distance_factor = 30
    surface.ruled_mode = 'point_walk'
#    surface.ruled_mode = 'resample'
#    surface.resolution = (10,1)
    surface.update()
    
    return surf_field_lines, surface


[docs]def update_flux_surface(surf_seeds, surf_field_lines, surface):
    """
    Update the flux surface streamlines and surface.
    """
    surf_field_lines.update()
    surface.update()   



[docs]def make_poly_norms(poly_data):
    """
    Extract the normal vectors from a PolyData instance (A surface).
    
    Parameters
    ----------
    poly_data: tvtk.PolyData instance
        The poly data to extract normal vectors from
    
    Returns
    -------
    poly_norms: tvtk.PolyDataNormals instance
        The normal vectors
    """
    poly_norms = tvtk.PolyDataNormals()
    poly_norms.input = poly_data
    poly_norms.compute_point_normals = True
    poly_norms.flip_normals = False
    poly_norms.update()
    
    return poly_norms


[docs]def norms_sanity_check(poly_norms):
    """
    Check that the normals are pointing radially outwards.
    
    ..warning:: THIS IS HARD CODED to grid size and surface size
    
    Parameters
    ----------
    poly_norms: tvtk.PolyDataNormals instance
        The normals to check
    
    Returns
    -------
    poly_normals: tvtk.PolyDataNormals instance
        The same normals but flipped if needed
    """
    norm1 = poly_norms.output.point_data.normals[1000]
    norm_sanity = np.dot(norm1,
                         np.array(poly_norms.input.points.get_point(1000))-
                         np.array([63,63,poly_norms.input.points.get_point(1000)[2]]))         
    if norm_sanity < 0:
        poly_norms.flip_normals = not(poly_norms.flip_normals)
        poly_norms.update()
        
        passfail = False
    else:
        passfail = True
    return passfail, poly_norms


[docs]def get_surface_vectors(poly_norms, surf_bfield):
    """ Calculate the vector normal, vertically parallel and Azimuthally around
    the surface cont"""
    # Update the Normals
    poly_norms.update()

    passfail, poly_norms = norms_sanity_check(poly_norms)
#    print "pass norm check?", passfail
    
    normals = np.array(poly_norms.output.point_data.normals)
    
    
    parallels = surf_bfield / np.sqrt(np.sum(surf_bfield**2,axis=1))[:, np.newaxis]
    
    torsionals = np.cross(normals,parallels)
    torsionals /= np.sqrt(np.sum(torsionals**2,axis=1))[:, np.newaxis]
    
    return normals, torsionals, parallels


[docs]def interpolate_scalars(image_data, poly_data):
    """ Interpolate a imagedata scalars to a set points in polydata"""
    surface_probe_filter = tvtk.ProbeFilter(source=image_data,
                                          input=poly_data)
    surface_probe_filter.update()
    
    # Calculate Vperp, Vpar, Vphi
    surface_scalars = np.array(surface_probe_filter.output.point_data.scalars)
    return surface_probe_filter, surface_scalars
    

[docs]def interpolate_vectors(image_data, poly_data):
    """ Interpolate a imagedata vectors to a set points in polydata"""
    surface_probe_filter = tvtk.ProbeFilter(source=image_data,
                                          input=poly_data)
    surface_probe_filter.update()
    
    # Calculate Vperp, Vpar, Vphi
    surface_vectors = np.array(surface_probe_filter.output.point_data.vectors)
    return surface_probe_filter, surface_vectors


[docs]def update_interpolated_vectors(poly_data, surface_probe_filter):
    if poly_data:
        surface_probe_filter.input = poly_data
    surface_probe_filter.update()
    # Calculate Vperp, Vpar, Vphi
    surface_vectors = np.array(surface_probe_filter.output.point_data.vectors)
    
    return surface_vectors


[docs]def update_interpolated_scalars(poly_data, surface_probe_filter):
    if poly_data:
        surface_probe_filter.input = poly_data
    surface_probe_filter.update()
    # Calculate Vperp, Vpar, Vphi
    surface_scalars = np.array(surface_probe_filter.output.point_data.scalars)
    
    return surface_scalars
   

[docs]def get_surface_velocity_comp(surface_velocities, normals, torsionals, parallels):
    vperp = np.zeros(len(surface_velocities))
    vpar = np.zeros(len(surface_velocities))
    vphi = np.zeros(len(surface_velocities))
    
    for i in xrange(0,len(surface_velocities)):
        vperp[i] = np.dot(normals[i],surface_velocities[i])
        vpar[i] = np.dot(parallels[i],surface_velocities[i])
        vphi[i] = np.dot(torsionals[i],surface_velocities[i])
    
    return vperp, vpar, vphi


[docs]def get_the_line(bfield, surf_seeds, n):
    """Generate the vertical line on the surface"""
    the_line = tvtk.StreamTracer(input=bfield,
                                 source=tvtk.PolyData(
                                 points=np.array(
                                    [surf_seeds.points.get_point(n),[0,0,0]]
                                                )
                                                     )
                                 )

    the_line.integrator = tvtk.RungeKutta4()
    the_line.maximum_propagation = 1000
    the_line.integration_direction = 'backward'
    the_line.update()
    
    return the_line
    

[docs]def update_the_line(the_line, surf_seeds, seed, length):
    """ Updates the TD line at each time step, while making sure the length is fixed"""
    the_line.source.points = np.array([surf_seeds.get_point(seed), [0.0, 0.0, 0.0]])
    the_line.update()
    
    N = len(the_line.output.points)
    if N < length:
        print len(the_line.output.points)
        for i in list(the_line.output.points)[N-1:]:
            the_line.output.points.append(i)
    if N > length:
        print len(the_line.output.points)
        the_line.output.points = list(the_line.output.points)[:length]
    return the_line
    

[docs]def get_surface_indexes(surf_poly,the_line):
    point_locator = tvtk.PointLocator(data_set=surf_poly)
    
    surf_line_index = [] 
    surf_line_points = []
    for point in the_line.output.points:
        surf_line_index.append(point_locator.find_closest_point(point))
        surf_line_points.append(surf_poly.points.get_point(surf_line_index[-1]))
    
    return surf_line_index, surf_line_points


[docs]class PolyDataWriter(object):
    """
    This class allows you to write tvtk polydata objects to a file, with as
    many or as few associated PointData arrays as you wish.
    
    Parameters
    ----------
    
    """
    def __init__(self, filename, polydata):
        self.poly_out = polydata
        self.filename = filename
    
[docs]    def add_point_data(self, vectors=None, scalars=None,
                       vector_name=None, scalar_name=None):
        """
        Add a vector comonent and a associated scalar
        """
        #Error Checking:
        if vectors is not None or scalars is not None:
            raise ValueError("Need to specify Vectors or scalars")
        if vectors is not None and vector_name is None:
            raise ValueError("If vectors is specified a name must be specified")
        if scalars is not None and scalar_name is None:
            raise ValueError("If scalars is specified a name must be specified")
        
        pd_par = tvtk.PointData(scalars=scalars,vectors=vectors)
        pd_par.scalars.name = scalar_name
        pd_par.vectors.name = vector_name

        self.poly_out.point_data.add_array(pd_par.scalars)
        self.poly_out.point_data.add_array(pd_par.vectors)
        

[docs]    def add_array(self, **kwargs):
        """
        Add any number of arrays via keyword arguments.
        
        Examples
        --------
        Add one scalar
        
        >>> writer = PolyDataWriter(filename, polydata)
        >>> writer.add_array(myscalar=myarray)
        >>> writer.write
        """
        for name, array in kwargs.items():
            pd_par = tvtk.PointData(scalars=array)
            pd_par.scalars.name = name
            self.poly_out.point_data.add_array(pd_par.scalars)


[docs]    def write(self):
        w = tvtk.XMLPolyDataWriter(input=self.poly_out,file_name=self.filename)
        w.write()



[docs]def write_step(file_name, surface,
               normals, parallels, torsionals, vperp, vpar, vphi):
    """
    Write out the surface vectors and velocity compnents.
    """
    
    writer = PolyDataWriter(file_name, surface.output)
    
    writer.add_point_data(scalars=vpar, vectors=parallels,
                          scalar_name="vpar", vector_name="par")
    
    writer.add_point_data(scalars=vperp,vectors=normals,
                          scalar_name="vperp", vector_name="perp")
    
    writer.add_point_data(scalars=vphi, vectors=torsionals,
                          scalar_name="vphi", vector_name="phi")
    
    writer.write()


[docs]def write_flux(file_name, surface, surface_density, surface_va, surface_beta,
               surface_cs, Fpar, Fperp, Fphi):
    pd_density = tvtk.PointData(scalars=surface_density)
    pd_density.scalars.name = "surface_density"
    
    pd_va = tvtk.PointData(scalars=surface_va)
    pd_va.scalars.name = "surface_va"
    
    pd_beta = tvtk.PointData(scalars=surface_beta)
    pd_beta.scalars.name = "surface_beta"
    
    pd_cs = tvtk.PointData(scalars=surface_cs)
    pd_cs.scalars.name = "surface_cs"
    
    pd_Fpar = tvtk.PointData(scalars=Fpar)
    pd_Fpar.scalars.name = "Fpar"
    
    pd_Fperp = tvtk.PointData(scalars=Fperp)
    pd_Fperp.scalars.name = "Fperp"
    
    pd_Fphi = tvtk.PointData(scalars=Fphi)
    pd_Fphi.scalars.name = "Fphi"
    
    poly_out = surface
    poly_out.point_data.add_array(pd_density.scalars)
    poly_out.point_data.add_array(pd_va.scalars)
    poly_out.point_data.add_array(pd_beta.scalars)
    poly_out.point_data.add_array(pd_cs.scalars)
    poly_out.point_data.add_array(pd_Fpar.scalars)
    poly_out.point_data.add_array(pd_Fperp.scalars)
    poly_out.point_data.add_array(pd_Fphi.scalars)
    
    w = tvtk.XMLPolyDataWriter(input=poly_out,file_name=file_name)
    w.write()
    

[docs]def write_wave_flux(file_name, surface_poly, parallels, normals, torsionals,
                    Fwpar, Fwperp, Fwphi):

    pd_Fwpar = tvtk.PointData(scalars=Fwpar, vectors=parallels)
    pd_Fwpar.scalars.name = "Fwpar"
    pd_Fwpar.vectors.name = "par"
    
    pd_Fwperp = tvtk.PointData(scalars=Fwperp, vectors=normals)
    pd_Fwperp.scalars.name = "Fwperp"
    pd_Fwperp.vectors.name = "perp"
    
    pd_Fwphi = tvtk.PointData(scalars=Fwphi, vectors=torsionals)
    pd_Fwphi.scalars.name = "Fwphi"
    pd_Fwphi.vectors.name = "phi"
    
    poly_out = surface_poly
    poly_out.point_data.add_array(pd_Fwpar.scalars)
    poly_out.point_data.add_array(pd_Fwperp.scalars)
    poly_out.point_data.add_array(pd_Fwphi.scalars)
    
    w = tvtk.XMLPolyDataWriter(input=poly_out,file_name=file_name)
    w.write()


[docs]def read_step(filename):
    """ Read back in a saved surface file"""
    r = tvtk.XMLPolyDataReader(file_name=filename)
    r.update()
    return r.output


[docs]def get_data(poly_out,name):
    names = {}
    #Extract varibles from file
    for i in xrange(0,poly_out.point_data.number_of_arrays):
        names.update({poly_out.point_data.get_array_name(i):i})
    
    data = np.array(poly_out.point_data.get_array(names[name]))
    
    return data
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