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Welcome to Molecular Dynamics Analysis for IPython (ipyMD)!

This package aims to provide a means of producing reusable analysis of Molecular Dynamics (MD) output in the IPython Notebook.


[image: alternate text]
Analysis of the atomic coordination of Na, wrt Cl, for an NaCl nano-crystal.



There are many programs for 3D visualisation of MD output (my favourite being Ovito [http://www.ovito.org]). However, there lacks a means to produce a more thorough, documented analysis of the data. IPython Notebooks are ideal for this type of analysis and so the objective of ipymd is to produce a Python package that can be used in conjuction with programmes like Ovito, to produce documented and reuseable analysis.

The aim of ipymd is to produce IPython Notebooks that include:


	Static images of the simulations

	Analysis of simulation data, including graphical plots



It has been created with the goal to be:


	Easy to use

	Easy to extend



chemlab [http://chemlab.readthedocs.io/]
It builds primarily on the chemlab [http://chemlab.readthedocs.io/] package, that is an API layer on top of OpenGL. Data is parsed in standard formats, such as [pandas](http://pandas.pydata.org/) dataframes, which are easy to create and use independantly from this package, in order to extend its functionality.
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License

ipymd is released under the GNU GPL3 or GNU LGPL license, if the PyQt parts are omitted (in ipymd.visualise.opengl) and the ipymd.data_input.spacegroup package is omitted,
ipyMD is released under the GNU GPLv3 [http://www.gnu.org/licenses/gpl.html] and its main developer is
Chris Sewell.







          

      

      

    


    
         Copyright 2016, Chris Sewell.
      Created using Sphinx 1.3.5.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	ipyMD 
 
      

    


    
      
          
            
  
Quick Start


 [https://anaconda.org/cjs14/ipymd]Anaconda [https://www.continuum.io/] is recommended to create a
Python environment within which to use ipymd:

conda create -n ipymd -c cjs14 ipymd
source activate ipymd
jupyter notebook





Currently the conda package is only available for OSX. For other operating systems,
or to use the latest version from Github, the following environment should work:

conda create -n ipymd python=2.7.11=0 numpy scipy matplotlib pandas ipython ipython-notebook pillow pyopengl pyqt six





If there are any issues, see the known working package dependancies list:
https://github.com/chrisjsewell/ipymd/blob/master/working_dependencies_list_osx.txt
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User Tutorial

In the IPython Notebook, the ipymd package must first be imported:

import ipymd
print ipymd.version()





0.4.2






Basic Atom Creation and Visualisation

The input for a basic atomic visualisation, is a
pandas [http://pandas.pydata.org/] Dataframe that specifies the
coordinates, size and color of each atom in the following manner:

import pandas as pd
df = pd.DataFrame(
        [[2,3,4,1,[0, 0, 255],1],
         [1,3,3,1,'orange',1],
         [4,3,1,1,'blue',1]],
        columns=['x','y','z','radius','color','transparency'])





Distances are measured in Angstroms, and colors can be defined in
[r,g,b] format (0 to 255) or as a string defined in
available_colors.

print(ipymd.available_colors()['reds'])





['light_salmon', 'salmon', 'dark_salmon', 'light_coral', 'indian_red', 'crimson', 'fire_brick', 'dark_red', 'red']





The Visualise_Sim class can then be used to setup a visualisation,
which is returned in the form of a PIL image.

vis = ipymd.visualise_sim.Visualise_Sim()
vis.add_atoms(df)
img1 = vis.get_image(size=400,quality=5)
img1





[image: _images/output_10_0.png]
To convert this into an image viewable in IPython, simply parse it to
the visualise function.

vis.visualise(img1)





[image: _images/output_12_0.png]
Extending this basic procedure, additional objects can be added to the
visualisation, the viewpoint can be rotated and multiple images can be
output at once, as shown in the following example:

vis.add_axes(length=0.2, offset=(-0.3,0))
vis.add_box([5,0,0],[0,5,0],[0,0,5])
vis.add_plane([[5,0,0],[0,5,2]],alpha=0.3)
vis.add_hexagon([[1,0,0],[0,0,.5]],[0,0,2],color='green')

img_ex1 = vis.get_image(xrot=45, yrot=45)
#img2 = vis.draw_colorlegend(img2,1,2)
vis.visualise([img1,img_ex1])





[image: _images/output_14_0.png]



Atom Creation From Other Sources

The ipymd.data_input module includes a number of classes to automate
the intial creation of the atoms Dataframe, from various sources.

All classes will return a sub-class of DataInput, that requires the
setup_data method to be run first, and then the get_atoms method
returns the atoms Dataframe and the get_meta_data method returns a
Pandas Series (which includes the vertexes and origin of the simulation
box).


Crystal Parameters

This class allows atoms to be created in ordered crystal, as defined by
their space group and crystal parameters:

data = ipymd.data_input.crystal.Crystal()
data.setup_data(
    [[0.0, 0.0, 0.0], [0.5, 0.5, 0.5]], ['Na', 'Cl'],
    225, cellpar=[5.4, 5.4, 5.4, 90, 90, 90],
    repetitions=[5, 5, 5])
meta = data.get_meta_data()
print meta
atoms_df = data.get_atom_data()
atoms_df.head(2)





origin                                 (0.0, 0.0, 0.0)
a                                     (27.0, 0.0, 0.0)
b                       (1.65327317885e-15, 27.0, 0.0)
c         (1.65327317885e-15, 1.65327317885e-15, 27.0)
dtype: object







  
    
      	
      	id
      	type
      	x
      	y
      	z
      	transparency
      	color
      	radius
    

  
  
    
      	0
      	1
      	Na
      	0.000000e+00
      	0.0
      	0.0
      	1.0
      	light_salmon
      	1.0
    

    
      	1
      	2
      	Na
      	3.306546e-16
      	2.7
      	2.7
      	1.0
      	light_salmon
      	1.0
    

  



vis2 = ipymd.visualise_sim.Visualise_Sim()
vis2.add_axes()
vis2.add_box(meta.a,meta.b,meta.c, meta.origin)
vis2.add_atoms(atoms_df)
images = [vis2.get_image(xrot=xrot,yrot=45) for xrot in [0,45]]
vis2.visualise(images, columns=2)





[image: _images/output_20_0.png]
A dataframe is available which lists the alternative names for each
space group:

df = ipymd.data_input.crystal.get_spacegroup_df()
df.loc[[1,194,225]]







  
    
      	
      	System_type
      	Point group
      	Short_name
      	Full_name
      	Schoenflies
      	Fedorov
      	Shubnikov
      	Fibrifold
    

    
      	Number
      	
      	
      	
      	
      	
      	
      	
      	
    

  
  
    
      	1
      	triclinic
      	1
      	P1
      	P 1
      	$C_1^1$
      	1s
      	$(a/b/c)\cdot 1$
      	-
    

    
      	194
      	hexagonal
      	6/m 2/m 2/m
      	P63/mmc
      	P 63/m 2/m 2/c
      	$D_{6h}^4$
      	88a
      	$(c:(a/a))\cdot m:6_3\cdot m$
      	-
    

    
      	225
      	cubic
      	4/m 3 2/m
      	Fm3m
      	F 4/m 3 2/m
      	$O_h^5$
      	73s
      	$\left ( \frac{a+c}{2}/\frac{b+c}{2}/\frac{a+b...
      	$2^{-}:2$
    

  






Crystallographic Information Files

.cif files are a common means to store crystallographic data and can be
loaded as follows:

cif_path = ipymd.get_data_path('example_crystal.cif')
data = ipymd.data_input.cif.CIF()
data.setup_data(cif_path)
meta = data.get_meta_data()
vis = ipymd.visualise_sim.Visualise_Sim()
vis.basic_vis(data.get_atom_data(), data.get_meta_data(),
              xrot=45,yrot=45)





[image: _images/output_25_0.png]
NB: at present, fractional occupancies of lattice sites are returned in
the atom Dataframe, but cannot be visualised as such. It is intended
that eventually occupancy will be visualised by partial spheres.

data.get_atom_data().head(1)







  
    
      	
      	type
      	x
      	y
      	z
      	occupancy
      	transparency
      	color
      	radius
    

  
  
    
      	0
      	Fe
      	4.363536
      	2.40065
      	22.642804
      	1.0
      	1.0
      	light_salmon
      	1.0
    

  






Lammps Input Data

The input data for LAMMPS simulations (supplied to read_data) can be
input. Note that the get_atom_data method requires that the
atom_style is defined, in order to define what each data column refers
to.

lammps_path = ipymd.get_data_path('lammps_input.data')
data = ipymd.data_input.lammps.LAMMPS_Input()
data.setup_data(lammps_path,atom_style='charge')
vis = ipymd.visualise_sim.Visualise_Sim()
vis.basic_vis(data.get_atom_data(), data.get_meta_data(),
              xrot=45,yrot=45)





[image: _images/output_30_0.png]



Lammps Output Data

Output data can be read in the form of a single file or, it is advisable
for efficiency, that a single file is output for each timestep, where
* is used to define the variable section of the filename. The
get_atoms and get_simulation_box methods now take a variable to
define which configuration is returned.

lammps_path = ipymd.get_data_path('atom_onefile.dump')
data = ipymd.data_input.lammps.LAMMPS_Output()
data.setup_data(lammps_path)
print data.count_configs()

vis = ipymd.visualise_sim.Visualise_Sim()
vis.basic_vis(data.get_atom_data(99), data.get_meta_data(99),
              spheres=True,xrot=45,yrot=45,quality=5)





99





[image: _images/output_33_1.png]
lammps_path = ipymd.get_data_path(['atom_dump','atoms_*.dump'])
data = ipymd.data_input.lammps.LAMMPS_Output()
data.setup_data(lammps_path)
print data.count_configs()

vis = ipymd.visualise_sim.Visualise_Sim()
vis.basic_vis(data.get_atom_data(99), data.get_meta_data(99),
              spheres=False,xrot=90,yrot=0)





99





[image: _images/output_34_1.png]





Atom Manipulation

The atoms Dataframe is already very easy to manipulate using the
standard pandas [http://pandas.pydata.org/] methods. But an
Atom_Manipulation class has also been created to carry out standard
atom manipulations, such as setting variables dependant on atom type or
altering the geometry, as shown in this example:

data = ipymd.data_input.crystal.Crystal()
data.setup_data(
    [[0.0, 0.0, 0.0], [0.5, 0.5, 0.5]], ['Na', 'Cl'],
    225, cellpar=[5.4, 5.4, 5.4,60,60,60],
    repetitions=[5, 5, 5])
meta = data.get_meta_data()

manipulate_atoms = ipymd.atom_manipulation.Atom_Manipulation

new_df = manipulate_atoms(data.get_atom_data(), data.get_meta_data(),undos=2)

new_df.apply_map({'Na':1.5, 'Cl':1},'radius')
new_df.apply_map('color','color',default='grey')
new_df.change_type_variable('Na', 'transparency', 0.5)
new_df.slice_fraction(cmin=0.3, cmax=0.7,update_uc=False)

vis2 = ipymd.visualise_sim.Visualise_Sim()
vis2.add_box(*new_df.meta[['a','b','c','origin']])
vis2.add_axes([meta.a,meta.b,meta.c],offset=(-1.3,-0.7))
vis2.add_atoms(new_df.df, spheres=True)

img1 = vis2.get_image(xrot=45,yrot=45)

vis2.remove_atoms()
new_df.repeat_cell((-1,1),(-1,1),(-1,1))
new_df.color_by_variable('z')
vis2.add_atoms(new_df.df, spheres=True)
vis2.add_box(*new_df.meta[['a','b','c','origin']])
img2 = vis2.get_image(xrot=90,yrot=0)
img3 = ipymd.plotting.create_colormap_image(new_df.df.z.min(), new_df.df.z.max(),
                                            horizontal=True,title='z position',size=150)

vis2.visualise([img1,img2, (280,1), img3], columns=2)





[image: _images/output_37_0.png]
NB: default atom variables (such as color and radii can be set using the
apply_map method and any column name from those given in
ipymd.shared.atom_data():

ipymd.shared.atom_data().head(1)







  
    
      	
      	Num
      	ARENeg
      	RCov
      	RBO
      	RVdW
      	MaxBnd
      	Mass
      	ElNeg
      	Ionization
      	ElAffinity
      	Name
      	color_chemlab
      	color_chemlab_light
      	color
    

    
      	Symb
      	
      	
      	
      	
      	
      	
      	
      	
      	
      	
      	
      	
      	
      	
    

  
  
    
      	H
      	1
      	2.2
      	0.31
      	0.31
      	1.1
      	1
      	1.00794
      	2.2
      	13.5984
      	0.754204
      	Hydrogen
      	white
      	snow
      	(191, 191, 191)
    

  






Geometric Analysis

Given the simple and flexible form of the atomic data and visualisation,
it is now easier to add more complex geometric analysis. These analyses
are being contained in the atom_analysis package, and some initial
examples are detailed below. Functions in the
atom_analysis.nearest_neighbour package are based on the
scipy.spatial.cKDTree algorithm for identifying nearest neighbours.


Atomic Coordination

The two examples below show computation of the coordination of Na, w.r.t
Cl, in a simple NaCl crystal (which should be 6). The first does not
include a consideration of the repeating boundary conditions, and so
outer atoms have a lower coordination number. But the latter computation
provides a method which takes this into consideration, by repeating the
Cl lattice in each direction before computation.

data = ipymd.data_input.crystal.Crystal()
data.setup_data(
    [[0.0, 0.0, 0.0], [0.5, 0.5, 0.5]], ['Na', 'Cl'],
    225, cellpar=[5.4, 5.4, 5.4, 90, 90, 90],
    repetitions=[5, 5, 5])
df = data.get_atom_data()
meta = data.get_meta_data()

df = ipymd.atom_analysis.nearest_neighbour.coordination_bytype(df, 'Na','Cl')

new_df = manipulate_atoms(df,meta)
new_df.filter_variables('Na')
new_df.color_by_variable('coord_Na_Cl',minv=3,maxv=7)

vis = ipymd.visualise_sim.Visualise_Sim()
vis.add_axes(offset=(0,-0.3))
vis.add_box(*meta[['a','b','c','origin']])
vis.add_atoms(new_df.df)

img = vis.get_image(xrot=45,yrot=45)

img2 = ipymd.plotting.create_legend_image(new_df.df.coord_Na_Cl,new_df.df.color, title='Na Coordination',size=150,colbytes=True)

vis.visualise([img,img2],columns=2)





[image: _images/output_44_0.png]
data = ipymd.data_input.crystal.Crystal()
data.setup_data(
    [[0.0, 0.0, 0.0], [0.5, 0.5, 0.5]], ['Na', 'Cl'],
    225, cellpar=[5.4, 5.4, 5.4, 90, 90, 90],
    repetitions=[5, 5, 5])
df = data.get_atom_data()
meta = data.get_meta_data()

df = ipymd.atom_analysis.nearest_neighbour.coordination_bytype(
    df, 'Na','Cl',repeat_meta=meta)

new_df = manipulate_atoms(df)
new_df.filter_variables('Na')
new_df.color_by_variable('coord_Na_Cl',minv=3,maxv=7)

vis = ipymd.visualise_sim.Visualise_Sim()
vis.add_box(*meta[['a','b','c','origin']])
vis.add_axes(offset=(0,-0.3))
vis.add_atoms(new_df.df)

img = vis.get_image(xrot=45,yrot=45)

img2 = ipymd.plotting.create_legend_image(new_df.df.coord_Na_Cl,new_df.df.color, title='Na Coordination',size=150,colbytes=True)

vis.visualise([img,img2],columns=2)





[image: _images/output_45_0.png]



Atomic Structure Comparison

compare_to_lattice takes each atomic coordinate in df1 and computes
the distance to the nearest atom (i.e. lattice site) in df2:

import numpy as np
data1 = ipymd.data_input.crystal.Crystal()
data1.setup_data(
    [[0.0, 0.0, 0.0], [0.5, 0.5, 0.5]], ['Na', 'Cl'],
    225, cellpar=[5.4, 5.4, 5.4, 90, 90, 90],
    repetitions=[5, 5, 5])
df1 = data1.get_atom_data()

print(('Average distance to nearest atom (identical)',
       np.mean(ipymd.atom_analysis.nearest_neighbour.compare_to_lattice(df1,df1))))

data2 = ipymd.data_input.crystal.Crystal()
data2.setup_data(
    [[0.0, 0.0, 0.0], [0.5, 0.5, 0.5]], ['Na', 'Cl'],
    225, cellpar=[5.41, 5.4, 5.4, 90, 90, 90],
    repetitions=[5, 5, 5])
df2 = data2.get_atom_data()

print(('Average distance to nearest atom (different)',
       np.mean(ipymd.atom_analysis.nearest_neighbour.compare_to_lattice(df1,df2))))





('Average distance to nearest atom (identical)', 0.0)
('Average distance to nearest atom (different)', 0.022499999999999343)








Common Neighbour Analysis (CNA)

CNA (Honeycutt and Andersen, J. Phys. Chem. 91,
4950 [http://dx.doi.org/10.1021/j100303a014]) is an algorithm to
compute a signature for pairs of atoms, which is designed to
characterize the local structural environment. Typically, CNA is used as
an effective filtering method to classify atoms in crystalline systems
(Faken and Jonsson, Comput. Mater. Sci. 2,
279 [http://dx.doi.org/10.1016/0927-0256(94%2990109-0)], with the
goal to get a precise understanding of which atoms are associated with
which phases, and which are associated with defects.

Common signatures for nearest neighbours are:


	FCC = 12 x 4,2,1

	HCP = 6 x 4,2,1 & 6 x 4,2,2

	BCC = 6 x 6,6,6 & 8 x 4,4,4

	Diamond = 12 x 5,4,3 & 4 x 6,6,3



which are tested below:

data = ipymd.data_input.crystal.Crystal()
data.setup_data(
    [[0.0, 0.0, 0.0]], ['Al'],
    225, cellpar=[4.05, 4.05, 4.05, 90, 90, 90],
    repetitions=[5, 5, 5])
fcc_meta = data.get_meta_data()
fcc_df = data.get_atom_data()

data = ipymd.data_input.crystal.Crystal()
data.setup_data(
    [[0.33333,0.66667,0.25000]], ['Mg'],
    194, cellpar=[3.21, 3.21, 5.21, 90, 90, 120],
    repetitions=[5,5,5])
hcp_meta = data.get_meta_data()
hcp_df = data.get_atom_data()

data = ipymd.data_input.crystal.Crystal()
data.setup_data(
    [[0,0,0]], ['Fe'],
    229, cellpar=[2.866, 2.866, 2.866, 90, 90, 90],
    repetitions=[5,5,5])
bcc_meta = data.get_meta_data()
bcc_df = data.get_atom_data()

data = ipymd.data_input.crystal.Crystal()
data.setup_data(
    [[0,0,0]], ['C'],
    227, cellpar=[3.57, 3.57, 3.57, 90, 90, 90],
    repetitions=[2,2,2])
diamond_meta = data.get_meta_data()
diamond_df = data.get_atom_data()





print(ipymd.atom_analysis.nearest_neighbour.cna_sum(fcc_df,repeat_meta=fcc_meta))
print(ipymd.atom_analysis.nearest_neighbour.cna_sum(hcp_df,repeat_meta=hcp_meta))
print(ipymd.atom_analysis.nearest_neighbour.cna_sum(bcc_df,repeat_meta=bcc_meta))
print(ipymd.atom_analysis.nearest_neighbour.cna_sum(diamond_df,upper_bound=10,max_neighbours=16,
                                                    repeat_meta=diamond_meta))





Counter({'4,2,1': 6000})
Counter({'4,2,2': 1500, '4,2,1': 1500})
Counter({'6,6,6': 2000, '4,4,4': 1500})
Counter({'5,4,3': 768, '6,6,3': 256})





For each atom, the CNA for each nearest-neighbour can be output:

ipymd.atom_analysis.nearest_neighbour.common_neighbour_analysis(hcp_df,repeat_meta=hcp_meta).head(5)







  
    
      	
      	id
      	type
      	x
      	y
      	z
      	transparency
      	color
      	radius
      	cna
    

  
  
    
      	0
      	1
      	Mg
      	-0.000016
      	1.853304
      	1.3025
      	1.0
      	light_salmon
      	1.0
      	{u'4,2,2': 6, u'4,2,1': 6}
    

    
      	1
      	2
      	Mg
      	1.605016
      	0.926638
      	3.9075
      	1.0
      	light_salmon
      	1.0
      	{u'4,2,2': 6, u'4,2,1': 6}
    

    
      	2
      	3
      	Mg
      	-0.000016
      	1.853304
      	6.5125
      	1.0
      	light_salmon
      	1.0
      	{u'4,2,2': 6, u'4,2,1': 6}
    

    
      	3
      	4
      	Mg
      	1.605016
      	0.926638
      	9.1175
      	1.0
      	light_salmon
      	1.0
      	{u'4,2,2': 6, u'4,2,1': 6}
    

    
      	4
      	5
      	Mg
      	-0.000016
      	1.853304
      	11.7225
      	1.0
      	light_salmon
      	1.0
      	{u'4,2,2': 6, u'4,2,1': 6}
    

  



This can be used to produce a plot identifying likely structure of an
unknown structure:

lammps_path = ipymd.get_data_path('thermalized_troilite.dump')
data = ipymd.data_input.lammps.LAMMPS_Output()
data.setup_data(lammps_path)
df = data.get_atom_data()
df = df[df.type==1]
plot = ipymd.atom_analysis.nearest_neighbour.cna_plot(df,repeat_meta=data.get_meta_data())
plot.display_plot()





[image: _images/output_56_0.png]
A visualisation of the probable local character of each atom can also be
created. Note the accuracy parameter in the cna_categories method
allows for more robust fitting to the ideal signatures:

lammps_path = ipymd.get_data_path('thermalized_troilite.dump')
data = ipymd.data_input.lammps.LAMMPS_Output()
data.setup_data(lammps_path)
df = data.get_atom_data()
meta = data.get_meta_data()
df = df[df.type==1]
df = ipymd.atom_analysis.nearest_neighbour.cna_categories(
    df,repeat_meta=meta,accuracy=0.7)
manip = ipymd.atom_manipulation.Atom_Manipulation(df)
manip.color_by_categories('cna')
#manip.apply_colormap({'Other':'blue','FCC':'green','HCP':'red'}, type_col='cna')
manip.change_type_variable('Other','transparency',0.5,type_col='cna')
atom_df = manip.df

vis = ipymd.visualise_sim.Visualise_Sim()
vis.add_box(*meta[['a','b','c','origin']])
vis.add_atoms(atom_df)

img = vis.get_image(xrot=90)

img2 = ipymd.plotting.create_legend_image(atom_df.cna,atom_df.color,
                title='CNA Category\nof Fe Sublattice',size=150,colbytes=True)

vis.visualise([img,img2],columns=2)





[image: _images/output_58_0.png]



Vacany Identification

The vacancy_identification method finds grid sites with no atoms
within a specified distance:

cif_path = ipymd.get_data_path('pyr_4C_monoclinic.cif')
data = ipymd.data_input.cif.CIF()
data.setup_data(cif_path)
cif4c_df, cif4c_meta = data.get_atom_data(), data.get_meta_data()
vac_df = ipymd.atom_analysis.nearest_neighbour.vacancy_identification(cif4c_df,0.2,2.3,cif4c_meta,
                                         radius=2.3,remove_dups=True)
vis = ipymd.visualise_sim.Visualise_Sim()
vis.add_atoms(vac_df)
vis.add_box(*cif4c_meta[['a','b','c','origin']])
vis.add_atoms(cif4c_df)
vis.visualise([vis.get_image(xrot=90,yrot=10),
               vis.get_image(xrot=45,yrot=45)],columns=2)
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XRD Spectrum Prediction

This is an implementation of the virtual x-ray diffraction pattern
algorithm, from http://http://dx.doi.org/10.1007/s11837-013-0829-3.

data = ipymd.data_input.crystal.Crystal()
data.setup_data(
    [[0,0,0]], ['Fe'],
    229, cellpar=[2.866, 2.866, 2.866, 90, 90, 90],
    repetitions=[5,5,5])

meta = data.get_meta_data()
atoms_df = data.get_atom_data()

wlambda = 1.542 # Angstrom (Cu K-alpha)
thetas, Is = ipymd.atom_analysis.spectral.compute_xrd(atoms_df,meta,wlambda)
plot = ipymd.atom_analysis.spectral.plot_xrd_hist(thetas,Is,wlambda=wlambda,barwidth=1)
plot.axes.set_xlim(20,90)
plot.display_plot(True)





[image: _images/output_64_0.png]
The predicted spectrum peaks (for alpha-Fe) shows good correlation with
experimentally derived data:

from IPython.display import Image
exp_path = ipymd.get_data_path('xrd_fe_bcc_Cu_kalpha.png',
                          module=ipymd.atom_analysis)
Image(exp_path,width=380)
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System Analysis

Within the LAMMPS_Output class there is also the option to read in a
systems data file, with a log of global variables for each simulation
timestep.

data = ipymd.data_input.lammps.LAMMPS_Output()
sys_path = ipymd.get_data_path('system.dump')
data.setup_data(sys_path=sys_path)
sys_data = data.get_meta_data_all()
sys_data.head()







  
    
      	
      	time
      	natoms
      	a
      	b
      	vol
      	press
      	temp
      	peng
      	keng
      	teng
      	enth
    

    
      	config
      	
      	
      	
      	
      	
      	
      	
      	
      	
      	
      	
    

  
  
    
      	2
      	200
      	5880
      	3.997601
      	3.997601
      	106784.302378
      	2568.163297
      	6.616167
      	-576911.132565
      	115.942920
      	-576795.189644
      	-572795.687453
    

    
      	3
      	400
      	5880
      	3.993996
      	3.993997
      	106591.809864
      	1560.503603
      	8.739034
      	-576962.187377
      	153.144425
      	-576809.042952
      	-574383.189834
    

    
      	4
      	600
      	5880
      	3.989881
      	3.989882
      	106372.285789
      	364.540620
      	8.262727
      	-576965.242403
      	144.797535
      	-576820.444868
      	-576254.921821
    

    
      	5
      	800
      	5880
      	3.986465
      	3.986465
      	106190.203677
      	-586.959616
      	7.597382
      	-576960.911674
      	133.137903
      	-576827.773772
      	-577736.783571
    

    
      	6
      	1000
      	5880
      	3.988207
      	3.988208
      	106283.055838
      	128.391396
      	4.990469
      	-576921.379605
      	87.453896
      	-576833.925708
      	-576634.915276
    

  



ax = sys_data.plot('time','temp',legend=False)
ax.set_xlabel('Time (fs)')
ax.set_ylabel('Temperature (K)');
ax.grid()
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Plotting

Plotting is handled by the Plotter class, which is mainly a useful
wrapper around matplotlib.

df = pd.DataFrame(
        [[2,3,4,1,[0, 0, 255],1],
         [1,3,3,1,'orange',1],
         [4,3,1,1,'blue',1]],
        columns=['x','y','z','radius','color','transparency'])
vis = ipymd.visualise_sim.Visualise_Sim()
vis.add_atoms(df)
vis.add_axes(length=0.2, offset=(-0.3,0))
vis.add_box([5,0,0],[0,5,0],[0,0,5])
vis.add_plane([[5,0,0],[0,5,2]],alpha=0.3)
vis.add_hexagon([[1,0,0],[0,0,.5]],[0,0,2],color='green')
img_ex1 = vis.get_image(xrot=45, yrot=45)

with ipymd.plotting.style('xkcd'):
    plot = ipymd.plotting.Plotter(figsize=(5,3))
    plot.axes.scatter([0,0.5,1.2],[0,0.5,1],s=30)
    plot.axes.set_xlabel('some variable')
    plot.axes.set_ylabel('some other variable')
    plot.add_image_annotation(img_ex1,(230,100),(0.5,0.5),zoom=0.5)
    plot.display_plot(tight_layout=True)
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Matplotlib also has an animation capability:

import numpy as np
x_iter = [np.linspace(0, 2, 1000) for i in range(100)]
def y_iter(x_iter):
    for i,x in enumerate(x_iter):
        yield np.sin(2 * np.pi * (x - 0.01 * i))

with ipymd.plotting.style('ggplot'):
    line_anim = ipymd.plotting.animation_line(x_iter,y_iter(x_iter),
                                              xlim=(0,2),ylim=(-2,2),incl_controls=False)
line_anim
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ipymd.atom_manipulation module

Created on Mon May 16 08:15:13 2016

@author: cjs14


	
class ipymd.atom_manipulation.Atom_Manipulation(atom_df, meta_series=None, undos=1)[source]

	Bases: object [http://docs.python.org/2.7/library/functions.html#object]

a class to manipulate atom data


	atom_df : pandas.DataFrame

	containing columns; x, y, z, type

	meta_series : pandas.Series

	containing columns; origin, a, b, c to define unit cell
if none it will be constructed from the min/max x, y, z values

	undos : int

	number of past dataframes to save




	
apply_map(vmap, column, default=False, type_col='type')[source]

	change values in a column, according to a mapping of another column


	vmap : dict or str

	A dictionary mapping values, or a string associated with a column in
the ipymd.shared.atom_data() dataframe (e.g. color and RVdW)

	column : str

	the column to change

	default : various

	the default value to put when the type key cannot be found,
if False then the original value will not be overwritten








	
change_type_variable(atom_type, variable, value, type_col='type')[source]

	change particular variable for one atom type






	
change_variables(map_dict, vtype='type')[source]

	change particular variables according to the map_dict






	
color_by_categories(colname, cmap='jet', sort=True)[source]

	change colors to map


	colname : string

	a column of the dataframe that contains categories by which to color

	cmap : string

	the colormap to apply, see available at http://matplotlib.org/examples/color/colormaps_reference.html








	
color_by_index(cmap='jet', minv=None, maxv=None)[source]

	change colors to map index values


	cmap : string

	the colormap to apply, see available at http://matplotlib.org/examples/color/colormaps_reference.html

	minv, maxv : float

	optional min, max cmap value, otherwise take min, max value found in column








	
color_by_variable(colname, cmap='jet', minv=None, maxv=None)[source]

	change colors to map


	colname : string

	a coloumn of the dataframe that contains numbers by which to color

	cmap : string

	the colormap to apply, see available at http://matplotlib.org/examples/color/colormaps_reference.html

	minv, maxv : float

	optional min, max cmap value, otherwise take min, max value found in column








	
df

	




	
filter_inside_box(vectors, origin=<Mock object>)[source]

	return only atoms inside box


	vectors : np.array((3,3))

	a, b, c vectors



origin : np.array((1,3))






	
filter_inside_hexagon(vectors, origin=<Mock object>)[source]

	return only atoms inside hexagonal prism


	vectors : np.array((2,3))

	a, c vectors



origin : np.array((1,3))






	
filter_inside_pts(points)[source]

	return only atoms inside the bounding shape of a set of points

points : np.array((N,3))






	
filter_variables(values, vtype='type')[source]

	




	
group_atoms_as_mols(atom_ids, name, remove_atoms=True, mean_xyz=True, color='red', transparency=1.0, radius=1.0)[source]

	combine atoms into a molecule
atom_ids : list of lists


list of dataframe indexes for each molecule



	name : string

	name of molecule

	remove_atoms : bool

	remove the grouped atoms from the dataframe

	mean_xyz : bool

	use the mean coordinate of atoms for molecule, otherwise use coordinate of first atom








	
meta

	




	
repeat_cell(a=1, b=1, c=1, original_first=False)[source]

	repeat atoms along a, b, c directions (and update unit cell)


	a : int or tuple

	repeats in ‘a’ direction, if tuple then defines repeats in -/+ direction

	b : int or tuple

	repeats in ‘b’ direction, if tuple then defines repeats in -/+ direction

	c : int or tuple

	repeats in ‘c’ direction, if tuple then defines repeats in -/+ direction

	original_first: bool

	if True, the original atoms will be first in the DataFrame








	
revert_to_original()[source]

	revert to original atom_df






	
rotate(angle, vector=[1, 0, 0], update_uc=True)[source]

	rotate the clockwise about the given axis vector
by theta degrees.

e.g. for rotate_atoms(90,[0,0,1]); [0,1,0] -> [1,0,0]


	angle : float

	rotation angle in degrees

	vector : iterable

	vector to rotate around [x0,y0,z0]

	update_uc : bool

	update unit cell (a,b,c,origin) to match rotation








	
slice_absolute(amin=0, amax=None, bmin=0, bmax=None, cmin=0, cmax=None, incl_max=False, update_uc=True, delta=0.01)[source]

	slice along a,b,c directions (from origin) given absolute vector length

if amax, bmax or cmax is None, then will use the vector length


	update_uc : bool

	update unit cell (a,b,c,origin) to match slice

	incl_max : bool

	whether to slice < (False) <= (True) max values

	delta : float

	retain atoms within ‘delta’ fraction outside of slice plane)








	
slice_fraction(amin=0, amax=1, bmin=0, bmax=1, cmin=0, cmax=1, incl_max=False, update_uc=True, delta=0.01)[source]

	slice along a,b,c directions (from origin) as fraction of vector length


	incl_max : bool

	whether to slice < (False) <= (True) max values

	update_uc : bool

	update unit cell (a,b,c,origin) to match slice

	delta : float

	retain atoms within ‘delta’ fraction outside of slice plane)








	
translate(vector, update_uc=True)[source]

	translate atoms by vector


	vector : list

	x, y, z translation

	update_uc : bool

	update unit cell (a,b,c,origin) to match translation








	
undo_last()[source]

	










ipymd.data_output module

Created on Mon May 23 17:55:14 2016

@author: cjs14


	
class ipymd.data_output.Data_Output(atom_df, abc, origin=<Mock object>)[source]

	Bases: object [http://docs.python.org/2.7/library/functions.html#object]


	
save_lammps(outpath='out.lammps', overwrite=False, atom_type='atomic', header='', mass_map={})[source]

	to adhere to http://lammps.sandia.gov/doc/read_data.html?highlight=read_data





	Parameters:	
	outpath (string [http://docs.python.org/2.7/library/string.html#module-string]) – the output file name

	overwrite (bool [http://docs.python.org/2.7/library/functions.html#bool]) – whether to raise an error if the file already exists

	atom_type (str [http://docs.python.org/2.7/library/functions.html#str]) – the lammps atom style, currently supports atomic or charge

	header (str [http://docs.python.org/2.7/library/functions.html#str]) – text to put in the header

	mass_map (dict [http://docs.python.org/2.7/library/stdtypes.html#dict]) – a mapping of atom types to mass









Example

In [1]: import pandas as pd
In [2]: df = pd.DataFrame([[‘Fe’,2,3,4,1],


[‘Cr’,2,3,3,-1],
[‘Fe’,4,3,1,1]],columns=[‘type’,’xs’,’ys’,’zs’,’q’])


In [3]: from ipymd.data_output import Data_Output as data_out
In [4]: data = data_out(df, [[1,0,0],[0,1,0],[0,0,1]])
In [5]: data.save_lammps(‘test.lammps’, atom_type=’charge’, overwrite=True,


header=’my header’)


In [6]: cat test.lammps
# This file was created by ipymd (v0.0.1) on 2016-05-23 20:51:16
# type map: {‘Cr’: 2, ‘Fe’: 1}
# my header

3 atoms
2 atom types

# simulation box boundaries
0.0000 1.0000 xlo xhi
0.0000 1.0000 ylo yhi
0.0000 1.0000 zlo zhi
0.0000 0.0000 0.0000 xy xz yz

Atoms

1 1 1.0000 2.0000 3.0000 4.0000
2 2 -1.0000 2.0000 3.0000 3.0000
3 1 1.0000 4.0000 3.0000 1.0000












Module contents

Created on Sun May  1 22:46:22 2016

@author: cjs14


	
ipymd.version()[source]
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ipymd.atom_analysis.basic module

Created on Thu Jul 14 14:06:40 2016

@author: cjs14

functions to calculate basic properties of the atoms


	
ipymd.atom_analysis.basic.density_bb(atoms_df, vectors=[[1, 0, 0], [0, 1, 0], [0, 0, 1]])[source]

	calculate density of the bounding box (assuming all atoms are inside)






	
ipymd.atom_analysis.basic.lattparams_bb(vectors=[[1, 0, 0], [0, 1, 0], [0, 0, 1]], rounded=None, cells=(1, 1, 1))[source]

	calculate unit cell parameters of the bounding box


	rounded : int

	the number of decimal places to return

	cells : (int,int,int)

	how many unit cells the vectors represent in each direction







	Returns:	


	Return type:	a, b, c, alpha, beta, gamma (in degrees)










	
ipymd.atom_analysis.basic.volume_bb(vectors=[[1, 0, 0], [0, 1, 0], [0, 0, 1]], rounded=None, cells=(1, 1, 1))[source]

	calculate volume of the bounding box


	rounded : int

	the number of decimal places to return

	cells : (int,int,int)

	how many unit cells the vectors represent in each direction







	Returns:	volume


	Return type:	float [http://docs.python.org/2.7/library/functions.html#float]










	
ipymd.atom_analysis.basic.volume_points(atoms_df)[source]

	calculate volume of the shape encompasing all atom coordinates








ipymd.atom_analysis.nearest_neighbour module

Created on Thu Jul 14 14:05:09 2016

@author: cjs14

functions based on nearest neighbour calculations


	
ipymd.atom_analysis.nearest_neighbour.bond_lengths(atoms_df, coord_type, lattice_type, max_dist=4, max_coord=16, repeat_meta=None, rounded=2, min_dist=0.01, leafsize=100)[source]

	calculate the unique bond lengths atoms in coords_atoms, w.r.t lattice_atoms


	atoms_df : pandas.Dataframe

	all atoms

	coord_type : string

	atoms to calcualte coordination of

	lattice_type : string

	atoms to act as lattice for coordination

	max_dist : float

	maximum distance for coordination consideration

	max_coord : float

	maximum possible coordination number

	repeat_meta : pandas.Series

	include consideration of repeating boundary idenfined by a,b,c in the meta data

	min_dist : float

	lattice points within this distance of the atom will be ignored (assumed self-interaction)

	leafsize : int

	points at which the algorithm switches to brute-force (kdtree specific)







	Returns:	distances –
list of unique distances


	Return type:	set [http://docs.python.org/2.7/library/stdtypes.html#set]










	
ipymd.atom_analysis.nearest_neighbour.cna_categories(atoms_df, accuracy=1.0, upper_bound=4, max_neighbours=24, repeat_meta=None, leafsize=100, ipython_progress=False)[source]

	compute summed atomic environments of each atom in atoms_df

Based on Faken, Daniel and Jónsson, Hannes,
‘Systematic analysis of local atomic structure combined with 3D computer graphics’,
March 1994, DOI: 10.1016/0927-0256(94)90109-0

signatures:
- FCC = 12 x 4,2,1
- HCP = 6 x 4,2,1 & 6 x 4,2,2
- BCC = 6 x 6,6,6 & 8 x 4,4,4
- Diamond = 12 x 5,4,3 & 4 x 6,6,3
- Icosahedral = 12 x 5,5,5





	Parameters:	
	accuracy (float [http://docs.python.org/2.7/library/functions.html#float]) – 0 to 1 how accurate to fit to signature

	repeat_meta (pandas.Series [http://pandas.pydata.org/pandas-docs/stable/generated/pandas.Series.html#pandas.Series]) – include consideration of repeating boundary idenfined by a,b,c in the meta data

	ipython_progress (bool [http://docs.python.org/2.7/library/functions.html#bool]) – print progress to IPython Notebook






	Returns:	df –
copy of atoms_df with new column named cna




	Return type:	pandas.Dataframe












	
ipymd.atom_analysis.nearest_neighbour.cna_plot(atoms_df, upper_bound=4, max_neighbours=24, repeat_meta=None, leafsize=100, barwidth=1, ipython_progress=False)[source]

	compute summed atomic environments of each atom in atoms_df

Based on Faken, Daniel and Jónsson, Hannes,
‘Systematic analysis of local atomic structure combined with 3D computer graphics’,
March 1994, DOI: 10.1016/0927-0256(94)90109-0

common signatures:
- FCC = 12 x 4,2,1
- HCP = 6 x 4,2,1 & 6 x 4,2,2
- BCC = 6 x 6,6,6 & 8 x 4,4,4
- Diamond = 12 x 5,4,3 & 4 x 6,6,3
- Icosahedral = 12 x 5,5,5





	Parameters:	
	repeat_meta (pandas.Series [http://pandas.pydata.org/pandas-docs/stable/generated/pandas.Series.html#pandas.Series]) – include consideration of repeating boundary idenfined by a,b,c in the meta data

	ipython_progress (bool [http://docs.python.org/2.7/library/functions.html#bool]) – print progress to IPython Notebook






	Returns:	plot –
a matplotlib plot




	Return type:	matplotlib.pyplot [http://matplotlib.sourceforge.net/api/pyplot_api.html#module-matplotlib.pyplot]












	
ipymd.atom_analysis.nearest_neighbour.cna_sum(atoms_df, upper_bound=4, max_neighbours=24, repeat_meta=None, leafsize=100, ipython_progress=False)[source]

	compute summed atomic environments of each atom in atoms_df

Based on Faken, Daniel and Jónsson, Hannes,
‘Systematic analysis of local atomic structure combined with 3D computer graphics’,
March 1994, DOI: 10.1016/0927-0256(94)90109-0

common signatures:
- FCC = 12 x 4,2,1
- HCP = 6 x 4,2,1 & 6 x 4,2,2
- BCC = 6 x 6,6,6 & 8 x 4,4,4
- Diamond = 12 x 5,4,3 & 4 x 6,6,3
- Icosahedral = 12 x 5,5,5





	Parameters:	
	repeat_meta (pandas.Series [http://pandas.pydata.org/pandas-docs/stable/generated/pandas.Series.html#pandas.Series]) – include consideration of repeating boundary idenfined by a,b,c in the meta data

	ipython_progress (bool [http://docs.python.org/2.7/library/functions.html#bool]) – print progress to IPython Notebook






	Returns:	counter –
a counter of cna signatures




	Return type:	Counter












	
ipymd.atom_analysis.nearest_neighbour.common_neighbour_analysis(atoms_df, upper_bound=4, max_neighbours=24, repeat_meta=None, leafsize=100, ipython_progress=False)[source]

	compute atomic environment of each atom in atoms_df

Based on Faken, Daniel and Jónsson, Hannes,
‘Systematic analysis of local atomic structure combined with 3D computer graphics’,
March 1994, DOI: 10.1016/0927-0256(94)90109-0

ideally:
- FCC = 12 x 4,2,1
- HCP = 6 x 4,2,1 & 6 x 4,2,2
- BCC = 6 x 6,6,6 & 8 x 4,4,4
- icosahedral = 12 x 5,5,5


	repeat_meta : pandas.Series

	include consideration of repeating boundary idenfined by a,b,c in the meta data

	ipython_progress : bool

	print progress to IPython Notebook







	Returns:	df –
copy of atoms_df with new column named cna


	Return type:	pandas.Dataframe










	
ipymd.atom_analysis.nearest_neighbour.compare_to_lattice(atoms_df, lattice_atoms_df, max_dist=10, leafsize=100)[source]

	calculate the minimum distance of each atom in atoms_df from a lattice point in lattice_atoms_df


	atoms_df : pandas.Dataframe

	atoms to calculate for

	lattice_atoms_df : pandas.Dataframe

	atoms to act as lattice points

	max_dist : float

	maximum distance for consideration in computation

	leafsize : int

	points at which the algorithm switches to brute-force (kdtree specific)







	Returns:	distances –
list of distances to nearest atom in lattice


	Return type:	list [http://docs.python.org/2.7/library/functions.html#list]










	
ipymd.atom_analysis.nearest_neighbour.coordination(coord_atoms_df, lattice_atoms_df, max_dist=4, max_coord=16, repeat_meta=None, min_dist=0.01, leafsize=100)[source]

	calculate the coordination number of each atom in coords_atoms, w.r.t lattice_atoms


	coords_atoms_df : pandas.Dataframe

	atoms to calcualte coordination of

	lattice_atoms_df : pandas.Dataframe

	atoms to act as lattice for coordination

	max_dist : float

	maximum distance for coordination consideration

	max_coord : float

	maximum possible coordination number

	repeat_meta : pandas.Series

	include consideration of repeating boundary idenfined by a,b,c in the meta data

	min_dist : float

	lattice points within this distance of the atom will be ignored (assumed self-interaction)

	leafsize : int

	points at which the algorithm switches to brute-force (kdtree specific)







	Returns:	coords –
list of coordination numbers


	Return type:	list [http://docs.python.org/2.7/library/functions.html#list]










	
ipymd.atom_analysis.nearest_neighbour.coordination_bytype(atoms_df, coord_type, lattice_type, max_dist=4, max_coord=16, repeat_meta=None, min_dist=0.01, leafsize=100)[source]

	returns dataframe with additional column for the coordination number of
each atom of coord type, w.r.t lattice_type atoms

effectively an extension of calc_df_coordination


	atoms_df : pandas.Dataframe

	all atoms

	coord_type : string

	atoms to calcualte coordination of

	lattice_type : string

	atoms to act as lattice for coordination

	max_dist : float

	maximum distance for coordination consideration

	max_coord : float

	maximum possible coordination number

	repeat_meta : pandas.Series

	include consideration of repeating boundary idenfined by a,b,c in the meta data

	min_dist : float

	lattice points within this distance of the atom will be ignored (assumed self-interaction)

	leafsize : int

	points at which the algorithm switches to brute-force (kdtree specific)







	Returns:	df –
copy of atoms_df with new column named coord_{coord_type}_{lattice_type}


	Return type:	pandas.Dataframe










	
ipymd.atom_analysis.nearest_neighbour.vacancy_identification(atoms_df, res=0.2, nn_dist=2.0, repeat_meta=None, remove_dups=True, color='red', transparency=1.0, radius=1, type_name='Vac', leafsize=100, n_jobs=1, ipython_progress=False)[source]

	identify vacancies


	atoms_df : pandas.Dataframe

	atoms to calculate for

	res : float

	resolution of vacancy identification, i.e. spacing of reference lattice

	nn_dist : float

	maximum nearest-neighbour distance considered as a vacancy

	repeat_meta : pandas.Series

	include consideration of repeating boundary idenfined by a,b,c in the meta data

	remove_dups : bool

	only keep one vacancy site within the nearest-neighbour distance

	leafsize : int

	points at which the algorithm switches to brute-force (kdtree specific)

	n_jobs : int, optional

	Number of jobs to schedule for parallel processing. If -1 is given all processors are used.

	ipython_progress : bool

	print progress to IPython Notebook







	Returns:	vac_df –
new atom dataframe of vacancy sites as atoms


	Return type:	pandas.DataFrame [http://pandas.pydata.org/pandas-docs/stable/generated/pandas.DataFrame.html#pandas.DataFrame]












ipymd.atom_analysis.spectral module

Created on Tue Jul 12 20:18:04 2016

Derived from:
LAMMPS - Large-scale Atomic/Molecular Massively Parallel Simulator
http://lammps.sandia.gov, Sandia National Laboratories
Steve Plimpton, sjplimp@sandia.gov
Copyright (2003) Sandia Corporation.  Under the terms of Contract
DE-AC04-94AL85000 with Sandia Corporation, the U.S. Government retains
certain rights in this software.  This software is distributed under
the GNU General Public License.
https://github.com/lammps/lammps/tree/lammps-icms/src/USER-DIFFRACTION

This package contains the commands neeed to calculate x-ray and
electron diffraction intensities based on kinematic diffraction
theory. Detailed discription of the computation can be found in the
following works:

Coleman, S.P., Spearot, D.E., Capolungo, L.  (2013) Virtual
diffraction analysis of Ni [010] symmetric tilt grain boundaries,
Modelling and Simulation in Materials Science and Engineering, 21
055020. doi:10.1088/0965-0393/21/5/055020

Coleman, S.P., Sichani, M.M., Spearot, D.E.  (2014) A computational
algorithm to produce virtual x-ray and electron diffraction patterns
from atomistic simulations, JOM, 66 (3), 408-416.
doi:10.1007/s11837-013-0829-3

Coleman, S.P., Pamidighantam, S. Van Moer, M., Wang, Y., Koesterke, L.
Spearot D.E (2014) Performance improvement and workflow development
of virtual diffraction calculations, XSEDE14,
doi:10.1145/2616498.2616552

@author: chris sewell


	
ipymd.atom_analysis.spectral.compute_xrd(atoms_df, meta_data, wlambda, min2theta=1.0, max2theta=179.0, lp=True, rspace=[1, 1, 1], manual=False, periodic=[True, True, True])[source]

	Compute predicted x-ray diffraction intensities for a given wavelength


	atoms_df : pandas.DataFrame

	a dataframe of info for each atom, including columns; x,y,z,type

	meta_data : pandas.Series

	data of a,b,c crystal vectors (as tuples, e.g. meta_data.a = (0,0,1))

	wlambda : float

	radiation wavelength (length units)
typical values are Cu Ka = 1.54, Mo Ka = 0.71 Angstroms

	min2theta : float

	minimum 2 theta range to explore (degrees)

	max2theta : float

	maximum 2 theta range to explore (degrees)

	lp : bool

	switch to apply Lorentz-polarization factor

	use_triclinic : bool

	use_triclinic

	rspace : list of floats

	parameters to adjust the spacing of the reciprocal lattice nodes
in the h, k, and l directions respectively

	manual : bool

	use manual spacing of reciprocal lattice points based on the values of the c parameters
(good for comparing diffraction results from multiple simulations, but small c required).

	periodic : list of bools

	whether periodic boundary in the h, k, and l directions respectively







	Returns:	
	2thetas (np.array((N,1))) –
2theta angles for each k-point (degrees)

	intensities (np.array((N,1))) –
intensity for each k-point









Notes

This is an implementation of the virtual x-ray diffraction pattern algorithm
by Coleman et al. [ref1]

The algorithm proceeds in the following manner:


	Define a crystal structure by position (x,y,z) and atom/ion type.

	Define the x-ray wavelength to use

	Compute the full reciprocal lattice mesh

	Filter reciprocal lattice points by those in the Eswald’s sphere

	Compute the structure factor at each reciprocal lattice point, for each atom type

	Compute the x-ray diffraction intensity at each reciprocal lattice point

	Group and sum intensities by angle



reciprocal points of the lattice are computed such that:


\[\mathbf{K} = {m_{1}}\cdot \mathbf{b}_{1}+{m_{2}}\cdot \mathbf{b}_{2}+{m_{3}}\cdot \mathbf{b}_{3}\]

where,


\[\begin{split}\begin{aligned}
\mathbf {b_{1}} &= {\frac {\mathbf {a_{2}} \times \mathbf {a_{3}} }{\mathbf {a_{1}} \cdot (\mathbf {a_{2}} \times \mathbf {a_{3}} )}}\\
\mathbf {b_{2}} &= {\frac {\mathbf {a_{3}} \times \mathbf {a_{1}} }{\mathbf {a_{2}} \cdot (\mathbf {a_{3}} \times \mathbf {a_{1}} )}}\\
\mathbf {b_{3}} &= {\frac {\mathbf {a_{1}} \times \mathbf {a_{2}} }{\mathbf {a_{3}} \cdot (\mathbf {a_{1}} \times \mathbf {a_{2}} )}}
\end{aligned}\end{split}\]

The reciprocal k-point modulii of the x-ray is calculated from Bragg’s law:


\[\left| {\mathbf{K}_{\lambda}} \right| = \frac{1}{{d_{\text{hkl}} }} = \frac{2\sin \left( \theta \right)}{\lambda }\]

This is used to construct an Eswald’s sphere,
and only reciprocal lattice ponts within are retained, as illustrated:

[image: ../_images/xrd_mesh.jpg]
The atomic scattering factors, fj, accounts for the reduction in
diffraction intensity due to Compton scattering, with coefficients based on
the electron density around the atomic nuclei.


\[f_j \left(\frac{\sin \theta}{\lambda}\right)
 = \left[ \sum\limits^4_i a_i \exp \left( -b_i \frac{\sin^2 \theta}{\lambda^2} \right)\right] + c
 = \left[ \sum\limits^4_i a_i \exp \left( -b_i \left(\frac{\left| {\mathbf{K}} \right|}{2}\right)^2 \right)\right] + c\]

The relative diffraction intensity from x-rays is computed at each
reciprocal lattice point through:


\[I_x(\mathbf{K}) = Lp(\theta) \frac{F(\mathbf{K})F^*(\mathbf{K})}{N}\]

such that:


\[F ({\mathbf{K}} )=
\sum\limits_{j = 1}^{N} {f_{j}.e^{\left( {2\pi i \, {\mathbf{K}} \cdot {\mathbf{r}}_{j} } \right)}}
= \sum\limits_{j = 1}^{N} {f_j.\left[ \cos \left( 2\pi \mathbf{K} \cdot \mathbf{r}_j \right) + i \sin \left( 2\pi \mathbf{K} \cdot \mathbf{r}_j \right) \right]}\]

and the Lorentz-polarization factor is:


\[Lp(\theta) = \frac{1+\cos^2 (2\theta)}{\cos(\theta)\sin^2(\theta)}\]

References




	[ref1]	1.Coleman, S. P., Sichani, M. M. & Spearot, D. E.
A Computational Algorithm to Produce Virtual X-ray and Electron Diffraction
Patterns from Atomistic Simulations. JOM 66, 408–416 (2014).









	
ipymd.atom_analysis.spectral.get_sf_coeffs()[source]

	




	
ipymd.atom_analysis.spectral.plot_xrd_hist(ang2thetas, intensities, bins=18000, wlambda=None, barwidth=None)[source]

	create histogram plot of xrd spectrum


	barwidth : float or None

	if None then the barwidht will be the bin width







	Returns:	plot –
a plot object


	Return type:	ipymd.plotting.Plotting












Module contents







          

      

      

    


    
         Copyright 2016, Chris Sewell.
      Created using Sphinx 1.3.5.
    

  

  
    
    
    ipymd.data_input package
    
    

    
 
  
  

    
      Navigation

      
        	
          index

        	
          modules |

        	
          next |

        	
          previous |

        	ipyMD 

          	Package API 

          	ipymd package 
 
      

    


    
      
          
            
  
ipymd.data_input package


Subpackages



	ipymd.data_input.spacegroup package
	Submodules

	ipymd.data_input.spacegroup.cell module

	ipymd.data_input.spacegroup.spacegroup module

	Module contents












Submodules




ipymd.data_input.base module

Created on Sun May  1 22:49:20 2016

@author: cjs14


	
class ipymd.data_input.base.DataInput[source]

	Bases: object [http://docs.python.org/2.7/library/functions.html#object]

Data is divided into two levels; atomic and meta



	atom is a series of tables, one for each timestep, containing variables (columns) for each atom (rows)

	meta is a table containing variables (columns) for each configuration (rows)







	
count_configs()[source]

	return int of total number of atomic configurations






	
get_atom_data(config=1)[source]

	return pandas.DataFrame of atomic data






	
get_meta_data(config=1)[source]

	return pandas.Series of meta data for the atomic configuration






	
get_meta_data_all(incl_bb=False, **kwargs)[source]

	return pandas.DataFrame of meta data for the atomic configuration


	incl_bb : bool

	whether to include bounding box coordinates in DataFrame

	kwargs : dict

	kew word arguments relevant to specific input data








	
setup_data()[source]

	a method to setup the data and variables












ipymd.data_input.cif module

Created on Wed May 18 22:24:10 2016

@author: cjs14

adapted from from http://physics.bu.edu/~erikl/research/tools/crystals/read_cif.py


	
class ipymd.data_input.cif.CIF[source]

	Bases: ipymd.data_input.base.DataInput

Data is divided into two levels; atomic and meta



	atom is a series of tables, one for each timestep, containing variables (columns) for each atom (rows)

	meta is a table containing variables (columns) for each configuration (rows)







	
setup_data(file_path, override_abc=[], ignore_overlaps=False)[source]

	Build a crystal from  a Crystallographic Information File (.cif)





	Parameters:	file_path (str [http://docs.python.org/2.7/library/functions.html#str]) – path to file
override_abc : [] or [a,b,c]


if not empty, will override a, b, c length parameters given in file








Notes

here is a typical example of a CIF file:


_cell_length_a 4.916
_cell_length_b 4.916
_cell_length_c 5.4054
_cell_angle_alpha 90
_cell_angle_beta 90
_cell_angle_gamma 120
_cell_volume 113.131
_exptl_crystal_density_diffrn      2.646
_symmetry_space_group_name_H-M ‘P 32 2 1’
loop_
_space_group_symop_operation_xyz


‘x,y,z’
‘y,x,2/3-z’
‘-y,x-y,2/3+z’
‘-x,-x+y,1/3-z’
‘-x+y,-x,1/3+z’
‘x-y,-y,-z’


loop_
_atom_site_label
_atom_site_fract_x
_atom_site_fract_y
_atom_site_fract_z
Si   0.46970   0.00000   0.00000
O   0.41350   0.26690   0.11910















ipymd.data_input.crystal module

Created on Mon May 16 01:23:11 2016

@author: cjs14

Adapted from chemlab which, in turn, was adapted from
ASE https://wiki.fysik.dtu.dk/ase/
Copyright (C) 2010, Jesper Friis


	
class ipymd.data_input.crystal.Crystal[source]

	Bases: ipymd.data_input.base.DataInput

Data is divided into two levels; atomic and meta



	atom is a series of tables, one for each timestep, containing variables (columns) for each atom (rows)

	meta is a table containing variables (columns) for each configuration (rows)







	
setup_data(positions, atom_type, group, cellpar=[1.0, 1.0, 1.0, 90, 90, 90], repetitions=[1, 1, 1], mass_map={}, charge_map={})[source]

	Build a crystal from atomic positions, space group and cell
parameters (in Angstroms)





	Parameters:	
	positions (list of coordinates) – A list of the fractional atomic positions

	atom_type (list of atom type) – The atom types corresponding to the positions, the atoms will be
translated in all the equivalent positions.

	group (int | str) – Space group given as its number in International Tables
NB: to see mappings from Hermann–Mauguin notation, etc,
use the get_spacegroup_df function in this module

	repetitions – Repetition of the unit cell in each direction

	cellpar – Unit cell parameters (in Angstroms and degrees)

	mass_map (dict of atom masses) – mapping of atom masses to atom types

	charge_map (dict of atom charges) – mapping of atom charges to atom types

	function was taken and adapted from the spacegroup module (This) – 









:param found in ASE [https://wiki.fysik.dtu.dk/ase/].:
:param The module spacegroup module was originally developed by Jesper:
:param Frills.:

Example

from ipymd.data_input import crystal
c = crystal.Crystal([[0.0, 0.0, 0.0], [0.5, 0.5, 0.5]],


[‘Na’, ‘Cl’], 225,
cellpar = [5.4, 5.4, 5.4, 90, 90, 90],
repetitions = [5, 5, 5])


c.get_atom_data()
c.get_simulation_box()










	
ipymd.data_input.crystal.get_spacegroup_df()[source]

	dataframe of spacegroup mappings








ipymd.data_input.lammps module

Created on Mon May 16 01:15:56 2016

@author: cjs14


	
class ipymd.data_input.lammps.LAMMPS_Input[source]

	Bases: ipymd.data_input.base.DataInput

Data is divided into two levels; atomic and meta



	atom is a series of tables, one for each timestep, containing variables (columns) for each atom (rows)

	meta is a table containing variables (columns) for each configuration (rows)







	
setup_data(atom_path='', atom_style='atomic')[source]

	get data from file





	Parameters:	atom_style ('atomic', 'charge') – defines how atomic data is listed:
atomic; atom-ID atom-type x y z
charge; atom-ID atom-type q x y z














	
class ipymd.data_input.lammps.LAMMPS_Output[source]

	Bases: ipymd.data_input.base.DataInput

Data is divided into two levels; atomic and meta



	atom is a series of tables, one for each timestep, containing variables (columns) for each atom (rows)

	meta is a table containing variables (columns) for each configuration (rows)







	
setup_data(atom_path='', sys_path='', unscale_coords=True, sys_sep=' ', incl_atom_step=False, incl_sys_data=True)[source]

	Data divided into two levels; meta and atom


	unscale_coords : bool

	By default, atom coords are written in a scaled format (from 0 to 1),
i.e. an x value of 0.25 means the atom is at a location 1/4 of the
box boundaries ‘a’ vector.
http://lammps.sandia.gov/doc/dump.html?highlight=dump

	sys_sep : str

	the separator between variables in the system data file

	incl_atom_time : bool

	include time according to atom file in column ‘atom_step’ of meta

	incl_sys_data : bool

	include system data in the single step meta data



Notes

Meta level data created with fix print, e.g.;


fix sys_info all print 100 “${t} ${natoms} ${temp}” &
title “time natoms temp” file system.dump screen no


Atom level data created with dump, e.g.;


dump atom_info all custom 100 atom.dump id type x y z mass q
OR (file per configuration)
dump atom_info all custom 100 atom_*.dump id type xs ys zs mass q











	
ipymd.data_input.lammps.atoi(text)[source]

	




	
ipymd.data_input.lammps.natural_keys(text)[source]

	alist.sort(key=natural_keys) sorts in human order,
e.g. [‘1’,‘2’,‘100’] instead of [‘1’,‘100’,‘2’]
http://nedbatchelder.com/blog/200712/human_sorting.html
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Submodules




ipymd.data_input.spacegroup.cell module


	
ipymd.data_input.spacegroup.cell.cell_to_cellpar(cell)[source]

	Returns the cell parameters [a, b, c, alpha, beta, gamma] as a
numpy array.






	
ipymd.data_input.spacegroup.cell.cellpar_to_cell(cellpar, ab_normal=(0, 0, 1), a_direction=None)[source]

	Return a 3x3 cell matrix from cellpar = [a, b, c, alpha,
beta, gamma].  The returned cell is orientated such that a and b
are normal to ab_normal and a is parallel to the projection of
a_direction in the a-b plane.

Default a_direction is (1,0,0), unless this is parallel to
ab_normal, in which case default a_direction is (0,0,1).

The returned cell has the vectors va, vb and vc along the rows. The
cell will be oriented such that va and vb are normal to ab_normal
and va will be along the projection of a_direction onto the a-b
plane.

Example:

>>> cell = cellpar_to_cell([1, 2, 4,  10,  20, 30], (0,1,1), (1,2,3))
>>> np.round(cell, 3)
array([[ 0.816, -0.408,  0.408],
       [ 1.992, -0.13 ,  0.13 ],
       [ 3.859, -0.745,  0.745]])










	
ipymd.data_input.spacegroup.cell.metric_from_cell(cell)[source]

	Calculates the metric matrix from cell, which is given in the
Cartesian system.








ipymd.data_input.spacegroup.spacegroup module

Definition of the Spacegroup class.

This module only depends on NumPy and the space group database.


	
class ipymd.data_input.spacegroup.spacegroup.Spacegroup(spacegroup, setting=1, datafile=None)[source]

	Bases: object [http://docs.python.org/2.7/library/functions.html#object]

Returns a new Spacegroup instance.

Parameters:


	spacegroup : int | string | Spacegroup instance

	The space group number in International Tables of
Crystallography or its Hermann-Mauguin symbol. E.g.
spacegroup=225 and spacegroup=’F m -3 m’ are equivalent.

	setting : 1 | 2

	Some space groups have more than one setting. setting
determines Which of these should be used.

	datafile : None | string

	Path to database file. If None, the the default database
will be used.




	
__eq__(other)[source]

	Chech whether self and other refer to the same
spacegroup number and setting.






	
__str__()[source]

	Return a string representation of the space group data in
the same format as found the database.






	
centrosymmetric

	Whether a center of symmetry exists.






	
equivalent_reflections(hkl)[source]

	Return all equivalent reflections to the list of Miller indices
in hkl.

Example:

>>> from ase.lattice.spacegroup import Spacegroup
>>> sg = Spacegroup(225)  # fcc
>>> sg.equivalent_reflections([[0, 0, 2]])
array([[ 0,  0, -2],
       [ 0, -2,  0],
       [-2,  0,  0],
       [ 2,  0,  0],
       [ 0,  2,  0],
       [ 0,  0,  2]])










	
equivalent_sites(scaled_positions, ondublicates='error', symprec=0.001)[source]

	Returns the scaled positions and all their equivalent sites.

Parameters:


	scaled_positions: list | array

	List of non-equivalent sites given in unit cell coordinates.

	ondublicates : ‘keep’ | ‘replace’ | ‘warn’ | ‘error’

	Action if scaled_positions contain symmetry-equivalent
positions:


	‘keep’

	ignore additional symmetry-equivalent positions

	‘replace’

	replace

	‘warn’

	like ‘keep’, but issue an UserWarning

	‘error’

	raises a SpacegroupValueError





	symprec: float

	Minimum “distance” betweed two sites in scaled coordinates
before they are counted as the same site.



Returns:


	sites: array

	A NumPy array of equivalent sites.

	kinds: list

	A list of integer indices specifying which input site is
equivalent to the corresponding returned site.



Example:

>>> from ase.lattice.spacegroup import Spacegroup
>>> sg = Spacegroup(225)  # fcc
>>> sites, kinds = sg.equivalent_sites([[0, 0, 0], [0.5, 0.0, 0.0]])
>>> sites
array([[ 0. ,  0. ,  0. ],
       [ 0. ,  0.5,  0.5],
       [ 0.5,  0. ,  0.5],
       [ 0.5,  0.5,  0. ],
       [ 0.5,  0. ,  0. ],
       [ 0. ,  0.5,  0. ],
       [ 0. ,  0. ,  0.5],
       [ 0.5,  0.5,  0.5]])
>>> kinds
[0, 0, 0, 0, 1, 1, 1, 1]










	
get_op()[source]

	Returns all symmetry operations (including inversions and
subtranslations), but unlike get_symop(), they are returned as
two ndarrays.






	
get_rotations()[source]

	Return all rotations, including inversions for
centrosymmetric crystals.






	
get_symop()[source]

	Returns all symmetry operations (including inversions and
subtranslations) as a sequence of (rotation, translation)
tuples.






	
lattice

	Lattice type:
P      primitive
I      body centering, h+k+l=2n
F      face centering, h,k,l all odd or even
A,B,C  single face centering, k+l=2n, h+l=2n, h+k=2n
R      rhombohedral centering, -h+k+l=3n (obverse); h-k+l=3n (reverse)






	
no

	Space group number in International Tables of Crystallography.






	
nsubtrans

	Number of cell-subtranslation vectors.






	
nsymop

	Total number of symmetry operations.






	
reciprocal_cell

	Tree Miller indices that span all kinematically non-forbidden reflections as a matrix with the Miller indices along the rows.






	
rotations

	Symmetry rotation matrices. The invertions are not included for centrosymmetrical crystals.






	
scaled_primitive_cell

	Primitive cell in scaled coordinates as a matrix with the primitive vectors along the rows.






	
setting

	Space group setting. Either one or two.






	
subtrans

	Translations vectors belonging to cell-sub-translations.






	
symbol

	Hermann-Mauguin (or international) symbol for the space group.






	
symmetry_normalised_reflections(hkl)[source]

	Returns an array of same size as hkl, containing the
corresponding symmetry-equivalent reflections of lowest
indices.

Example:

>>> from ase.lattice.spacegroup import Spacegroup
>>> sg = Spacegroup(225)  # fcc
>>> sg.symmetry_normalised_reflections([[2, 0, 0], [0, 2, 0]])
array([[ 0,  0, -2],
       [ 0,  0, -2]])










	
symmetry_normalised_sites(scaled_positions)[source]

	Returns an array of same size as scaled_positions,
containing the corresponding symmetry-equivalent sites within
the unit cell of lowest indices.

Example:

>>> from ase.lattice.spacegroup import Spacegroup
>>> sg = Spacegroup(225)  # fcc
>>> sg.symmetry_normalised_sites([[0.0, 0.5, 0.5], [1.0, 1.0, 0.0]])
array([[ 0.,  0.,  0.],
       [ 0.,  0.,  0.]])










	
tag_sites(scaled_positions, symprec=0.001)[source]

	Returns an integer array of the same length as scaled_positions,
tagging all equivalent atoms with the same index.

Example:

>>> from ase.lattice.spacegroup import Spacegroup
>>> sg = Spacegroup(225)  # fcc
>>> sg.tag_sites([[0.0, 0.0, 0.0],
...               [0.5, 0.5, 0.0],
...               [1.0, 0.0, 0.0],
...               [0.5, 0.0, 0.0]])
array([0, 0, 0, 1])










	
translations

	Symmetry translations. The invertions are not included for centrosymmetrical crystals.






	
unique_reflections(hkl)[source]

	Returns a subset hkl containing only the symmetry-unique
reflections.

Example:

>>> from ase.lattice.spacegroup import Spacegroup
>>> sg = Spacegroup(225)  # fcc
>>> sg.unique_reflections([[ 2,  0,  0],
...                        [ 0, -2,  0],
...                        [ 2,  2,  0],
...                        [ 0, -2, -2]])
array([[2, 0, 0],
       [2, 2, 0]])










	
unique_sites(scaled_positions, symprec=0.001, output_mask=False)[source]

	Returns a subset of scaled_positions containing only the
symmetry-unique positions.  If output_mask is True, a boolean
array masking the subset is also returned.

Example:

>>> from ase.lattice.spacegroup import Spacegroup
>>> sg = Spacegroup(225)  # fcc
>>> sg.unique_sites([[0.0, 0.0, 0.0],
...                  [0.5, 0.5, 0.0],
...                  [1.0, 0.0, 0.0],
...                  [0.5, 0.0, 0.0]])
array([[ 0. ,  0. ,  0. ],
       [ 0.5,  0. ,  0. ]])
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ipymd.plotting.plotter module

Created on Fri Jul  1 16:45:06 2016

@author: cjs14


	
class ipymd.plotting.plotter.Plotter(nrows=1, ncols=1, figsize=(5, 4))[source]

	Bases: object [http://docs.python.org/2.7/library/functions.html#object]

a class to deal with data plotting


	
figure

	matplotlib.figure

the figure






	
axes

	list or single matplotlib.axes

if more than one then returns a list (ordered in reading direction),
else returns one instance






	
add_image(image, axes=0, interpolation='bicubic', hide_axes=True, width=1.0, height=1.0, origin=(0.0, 0.0), **kwargs)[source]

	add image to axes






	
add_image_annotation(img, xy=(0, 0), arrow_xy=None, axes=0, zoom=1, xytype='axes points', arrow_xytype='data', arrowprops={'connectionstyle': 'arc3, rad=0.2', 'alpha': 0.4, 'arrowstyle': 'simple', 'facecolor': 'black'})[source]

	add an image to the plot

coordtype:







	argument
	coordinate system




	‘figure points’
	points from the lower left corner of the figure


	‘figure pixels’
	pixels from the lower left corner of the figure


	‘figure fraction’
	0,0 is lower left of figure and 1,1 is upper right


	‘axes points’
	points from lower left corner of axes


	‘axes pixels’
	pixels from lower left corner of axes


	‘axes fraction’
	0,0 is lower left of axes and 1,1 is upper right


	‘data’
	use the axes data coordinate system





for arrowprops see http://matplotlib.org/users/annotations_guide.html#annotating-with-arrow






	
axes

	




	
display_plot(tight_layout=False)[source]

	display plot in IPython

if tight_layout is True it may crop anything outside axes






	
figure

	




	
get_image(size=300, dpi=300, tight_layout=False)[source]

	return as PIL image

if tight_layout is True it may crop anything outside axes






	
resize_axes(width=0.8, height=0.8, left=0.1, bottom=0.1, axes=0)[source]

	resiaze axes, for instance to fit object outside of it










	
ipymd.plotting.plotter.animation_contourf(x_iter, y_iter, z_iter, interval=20, xlim=(0, 1), ylim=(0, 1), zlim=(0, 1.0), cmap='viridis', cbar=True, incl_controls=True, plot=None, ax=0, **plot_kwargs)[source]

	create an animation of multiple x,y data sets


	x_iter : iterable

	any iterable of x data sets, e.g. [[1,2,3],[4,5,6]]

	y_iter : iterable

	an iterable of y data sets, e.g. [[1,2,3],[4,5,6]]

	y_iter : iterable

	an iterable of z(x,y) data sets, each set must be of shape (len(x), len(y))

	interval : int

	draws a new frame every interval milliseconds

	xlim : tuple

	the x_limits for the axes (ignored if using existing plotter)

	ylim : tuple

	the y_limits for the axes (ignored if using existing plotter)

	zlim : tuple

	the z_limits for the colormap

	cmap : str or matplotlib.cm

	the colormap to use (see http://matplotlib.org/examples/color/colormaps_reference.html)

	incl_controls : bool

	include Javascript play controls

	plot : ipymd.plotting.Plotter

	an existing plotter object

	ax : int

	the id number of the axes on which to plot (if using existing plotter)

	plot_kwargs : various

	key word arguments to pass to plot method, e.g. marker=’o’, color=’b’, ...







	Returns:	html –
a html object


	Return type:	IPython.core.display.HTML





Notes

x_iter and y_iter can be yield functions such as:

def y_iter(x_iter):
    for xs in x_iter:
        yield [i**2 for i in xs]





This means that the values do not have to be necessarily pre-computed.






	
ipymd.plotting.plotter.animation_line(x_iter, y_iter, interval=20, xlim=(0, 1), ylim=(0, 1), incl_controls=True, plot=None, ax=0, **plot_kwargs)[source]

	create an animation of multiple x,y data sets


	x_iter : iterable

	any iterable of x data sets, e.g. [[1,2,3],[4,5,6]]

	y_iter : iterable

	an iterable of y data sets, e.g. [[1,2,3],[4,5,6]]

	interval : int

	draws a new frame every interval milliseconds

	xlim : tuple

	the x_limits for the axes (ignored if using existing plotter)

	ylim : tuple

	the y_limits for the axes (ignored if using existing plotter)

	incl_controls : bool

	include Javascript play controls

	plot : ipymd.plotting.Plotter

	an existing plotter object

	ax : int

	the id number of the axes on which to plot (if using existing plotter)

	plot_kwargs : various

	key word arguments to pass to plot method, e.g. marker=’o’, color=’b’, ...







	Returns:	html –
a html object


	Return type:	IPython.core.display.HTML





Notes

x_iter and y_iter can be yield functions such as:

def y_iter(x_iter):
    for xs in x_iter:
        yield [i**2 for i in xs]





This means that the values do not have to be necessarily pre-computed.






	
ipymd.plotting.plotter.animation_scatter(x_iter, y_iter, interval=20, xlim=(0, 1), ylim=(0, 1), incl_controls=True, plot=None, ax=0, **plot_kwargs)[source]

	create an animation of multiple x,y data sets


	x_iter : iterable

	any iterable of x data sets, e.g. [[1,2,3],[4,5,6]]

	y_iter : iterable

	an iterable of y data sets, e.g. [[1,2,3],[4,5,6]]

	interval : int

	draws a new frame every interval milliseconds

	xlim : tuple

	the x_limits for the axes (ignored if using existing plotter)

	ylim : tuple

	the y_limits for the axes (ignored if using existing plotter)

	incl_controls : bool

	include Javascript play controls

	plot : ipymd.plotting.Plotter

	an existing plotter object

	ax : int

	the id number of the axes on which to plot (if using existing plotter)

	plot_kwargs : various

	key word arguments to pass to plot method, e.g. marker=’o’, color=’b’, ...







	Returns:	html –
a html object


	Return type:	IPython.core.display.HTML





Notes

x_iter and y_iter can be yield functions such as:

def y_iter(x_iter):
    for xs in x_iter:
        yield [i**2 for i in xs]





This means that the values do not have to be necessarily pre-computed.






	
ipymd.plotting.plotter.style(style)[source]

	A context manager to apply matplotlib style settings from a style specification.

Popular styles include; default, ggplot, xkcd, and are used in the the following manner:

with ipymd.plotting.style('default'):
    plot = ipymd.plotting.Plotter()
    plot.display_plot()









	Parameters:	style (str, dict, or list) – A style specification. Valid options are:







	str
	The name of a style or a path/URL to a style file. For a
list of available style names, see style.available.


	dict
	Dictionary with valid key/value pairs for
matplotlib.rcParams.


	list
	A list of style specifiers (str or dict) applied from first
to last in the list.
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ipymd.plotting.JSAnimation package


Submodules




ipymd.plotting.JSAnimation.IPython_display module


	
ipymd.plotting.JSAnimation.IPython_display.anim_to_html(anim, fps=None, embed_frames=True, default_mode='loop')[source]

	Generate HTML representation of the animation






	
ipymd.plotting.JSAnimation.IPython_display.display_animation(anim, **kwargs)[source]

	Display the animation with an IPython HTML object








ipymd.plotting.JSAnimation.examples module




ipymd.plotting.JSAnimation.html_writer module




Module contents
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ipymd.shared.colors module

Created on Wed Jun 29 01:56:51 2016

@author: cjs14


	
ipymd.shared.colors.any_to_rgb(color)[source]

	If color is an rgb tuple return it, if it is a string, parse it
and return the respective rgb tuple.






	
ipymd.shared.colors.available_colors()[source]

	




	
ipymd.shared.colors.get(name)[source]

	Given a string color, return the color as a tuple (r, g, b,
a) where each value is between 0 and 255.

As for the color name follow the HTML color names
<http://www.w3schools.com/tags/ref_colornames.asp> in lowescore
style eg. forest_green.






	
ipymd.shared.colors.hsl_to_rgb(arr)[source]

	Converts HSL color array to RGB array

H = [0..360]
S = [0..1]
l = [0..1]

http://en.wikipedia.org/wiki/HSL_and_HSV#From_HSL

Returns R,G,B in [0..255]






	
ipymd.shared.colors.html_to_rgb(colorstring)[source]

	convert #RRGGBB to an (R, G, B) tuple






	
ipymd.shared.colors.mix(a, b, ratio=0.5)[source]

	




	
ipymd.shared.colors.parse_color(color)[source]

	Return the RGB 0-255 representation of the current string
passed.

It first tries to match the string with DVI color names.






	
ipymd.shared.colors.rgb_to_hsl(a)[source]

	




	
ipymd.shared.colors.rgb_to_hsl_hsv(a, isHSV=True)[source]

	Converts RGB image data to HSV or HSL.
:param a: 3D array. Retval of numpy.asarray(Image.open(...), int)
:param isHSV: True = HSV, False = HSL
:return: H,S,L or H,S,V array






	
ipymd.shared.colors.rgb_to_hsv(a)[source]

	






ipymd.shared.transformations module

Homogeneous Transformation Matrices and Quaternions.

A library for calculating 4x4 matrices for translating, rotating, reflecting,
scaling, shearing, projecting, orthogonalizing, and superimposing arrays of
3D homogeneous coordinates as well as for converting between rotation matrices,
Euler angles, and quaternions. Also includes an Arcball control object and
functions to decompose transformation matrices.





	Authors:	Christoph Gohlke [http://www.lfd.uci.edu/~gohlke/],
Laboratory for Fluorescence Dynamics, University of California, Irvine


	Version:	2012.10.14






Requirements


	CPython 2.7 or 3.2 [http://www.python.org]

	Numpy 1.6 [http://numpy.scipy.org]

	transformations.c 2012.01.01 [http://www.lfd.uci.edu/~gohlke/]
(optional implementation of some functions in C)



Notes

The API is not stable yet and is expected to change between revisions.

This Python code is not optimized for speed. Refer to the transformations.c
module for a faster implementation of some functions.

Documentation in HTML format can be generated with epydoc.

Matrices (M) can be inverted using numpy.linalg.inv(M), be concatenated using
numpy.dot(M0, M1), or transform homogeneous coordinate arrays (v) using
numpy.dot(M, v) for shape (4, *) column vectors, respectively
numpy.dot(v, M.T) for shape (*, 4) row vectors (“array of points”).

This module follows the “column vectors on the right” and “row major storage”
(C contiguous) conventions. The translation components are in the right column
of the transformation matrix, i.e. M[:3, 3].
The transpose of the transformation matrices may have to be used to interface
with other graphics systems, e.g. with OpenGL’s glMultMatrixd(). See also [16].

Calculations are carried out with numpy.float64 precision.

Vector, point, quaternion, and matrix function arguments are expected to be
“array like”, i.e. tuple, list, or numpy arrays.

Return types are numpy arrays unless specified otherwise.

Angles are in radians unless specified otherwise.

Quaternions w+ix+jy+kz are represented as [w, x, y, z].

A triple of Euler angles can be applied/interpreted in 24 ways, which can
be specified using a 4 character string or encoded 4-tuple:


Axes 4-string: e.g. ‘sxyz’ or ‘ryxy’


	first character : rotations are applied to ‘s’tatic or ‘r’otating frame

	remaining characters : successive rotation axis ‘x’, ‘y’, or ‘z’



Axes 4-tuple: e.g. (0, 0, 0, 0) or (1, 1, 1, 1)


	inner axis: code of axis (‘x’:0, ‘y’:1, ‘z’:2) of rightmost matrix.

	parity : even (0) if inner axis ‘x’ is followed by ‘y’, ‘y’ is followed
by ‘z’, or ‘z’ is followed by ‘x’. Otherwise odd (1).

	repetition : first and last axis are same (1) or different (0).

	frame : rotations are applied to static (0) or rotating (1) frame.






References


	Matrices and transformations. Ronald Goldman.
In “Graphics Gems I”, pp 472-475. Morgan Kaufmann, 1990.

	More matrices and transformations: shear and pseudo-perspective.
Ronald Goldman. In “Graphics Gems II”, pp 320-323. Morgan Kaufmann, 1991.

	Decomposing a matrix into simple transformations. Spencer Thomas.
In “Graphics Gems II”, pp 320-323. Morgan Kaufmann, 1991.

	Recovering the data from the transformation matrix. Ronald Goldman.
In “Graphics Gems II”, pp 324-331. Morgan Kaufmann, 1991.

	Euler angle conversion. Ken Shoemake.
In “Graphics Gems IV”, pp 222-229. Morgan Kaufmann, 1994.

	Arcball rotation control. Ken Shoemake.
In “Graphics Gems IV”, pp 175-192. Morgan Kaufmann, 1994.

	Representing attitude: Euler angles, unit quaternions, and rotation
vectors. James Diebel. 2006.

	A discussion of the solution for the best rotation to relate two sets
of vectors. W Kabsch. Acta Cryst. 1978. A34, 827-828.

	Closed-form solution of absolute orientation using unit quaternions.
BKP Horn. J Opt Soc Am A. 1987. 4(4):629-642.

	Quaternions. Ken Shoemake.
http://www.sfu.ca/~jwa3/cmpt461/files/quatut.pdf

	From quaternion to matrix and back. JMP van Waveren. 2005.
http://www.intel.com/cd/ids/developer/asmo-na/eng/293748.htm

	Uniform random rotations. Ken Shoemake.
In “Graphics Gems III”, pp 124-132. Morgan Kaufmann, 1992.

	Quaternion in molecular modeling. CFF Karney.
J Mol Graph Mod, 25(5):595-604

	New method for extracting the quaternion from a rotation matrix.
Itzhack Y Bar-Itzhack, J Guid Contr Dynam. 2000. 23(6): 1085-1087.

	Multiple View Geometry in Computer Vision. Hartley and Zissermann.
Cambridge University Press; 2nd Ed. 2004. Chapter 4, Algorithm 4.7, p 130.

	Column Vectors vs. Row Vectors.
http://steve.hollasch.net/cgindex/math/matrix/column-vec.html



Examples

>>> alpha, beta, gamma = 0.123, -1.234, 2.345
>>> origin, xaxis, yaxis, zaxis = [0, 0, 0], [1, 0, 0], [0, 1, 0], [0, 0, 1]
>>> I = identity_matrix()
>>> Rx = rotation_matrix(alpha, xaxis)
>>> Ry = rotation_matrix(beta, yaxis)
>>> Rz = rotation_matrix(gamma, zaxis)
>>> R = concatenate_matrices(Rx, Ry, Rz)
>>> euler = euler_from_matrix(R, 'rxyz')
>>> numpy.allclose([alpha, beta, gamma], euler)
True
>>> Re = euler_matrix(alpha, beta, gamma, 'rxyz')
>>> is_same_transform(R, Re)
True
>>> al, be, ga = euler_from_matrix(Re, 'rxyz')
>>> is_same_transform(Re, euler_matrix(al, be, ga, 'rxyz'))
True
>>> qx = quaternion_about_axis(alpha, xaxis)
>>> qy = quaternion_about_axis(beta, yaxis)
>>> qz = quaternion_about_axis(gamma, zaxis)
>>> q = quaternion_multiply(qx, qy)
>>> q = quaternion_multiply(q, qz)
>>> Rq = quaternion_matrix(q)
>>> is_same_transform(R, Rq)
True
>>> S = scale_matrix(1.23, origin)
>>> T = translation_matrix([1, 2, 3])
>>> Z = shear_matrix(beta, xaxis, origin, zaxis)
>>> R = random_rotation_matrix(numpy.random.rand(3))
>>> M = concatenate_matrices(T, R, Z, S)
>>> scale, shear, angles, trans, persp = decompose_matrix(M)
>>> numpy.allclose(scale, 1.23)
True
>>> numpy.allclose(trans, [1, 2, 3])
True
>>> numpy.allclose(shear, [0, math.tan(beta), 0])
True
>>> is_same_transform(R, euler_matrix(axes='sxyz', *angles))
True
>>> M1 = compose_matrix(scale, shear, angles, trans, persp)
>>> is_same_transform(M, M1)
True
>>> v0, v1 = random_vector(3), random_vector(3)
>>> M = rotation_matrix(angle_between_vectors(v0, v1), vector_product(v0, v1))
>>> v2 = numpy.dot(v0, M[:3,:3].T)
>>> numpy.allclose(unit_vector(v1), unit_vector(v2))
True






	
class ipymd.shared.transformations.Arcball(initial=None)[source]

	Bases: object [http://docs.python.org/2.7/library/functions.html#object]

Initialize virtual trackball control.

initial : quaternion or rotation matrix


	
down(point)[source]

	Set initial cursor window coordinates and pick constrain-axis.






	
drag(point)[source]

	Update current cursor window coordinates.






	
getconstrain()[source]

	Return state of constrain to axis mode.






	
matrix()[source]

	Return homogeneous rotation matrix.






	
next(acceleration=0.0)[source]

	Continue rotation in direction of last drag.






	
place(center, radius)[source]

	Place Arcball, e.g. when window size changes.


	center : sequence[2]

	Window coordinates of trackball center.

	radius : float

	Radius of trackball in window coordinates.








	
setaxes(*axes)[source]

	Set axes to constrain rotations.






	
setconstrain(constrain)[source]

	Set state of constrain to axis mode.










	
ipymd.shared.transformations.affine_matrix_from_points(v0, v1, shear=True, scale=True, usesvd=True)[source]

	Return affine transform matrix to register two point sets.

v0 and v1 are shape (ndims, *) arrays of at least ndims non-homogeneous
coordinates, where ndims is the dimensionality of the coordinate space.

If shear is False, a similarity transformation matrix is returned.
If also scale is False, a rigid/Eucledian transformation matrix
is returned.

By default the algorithm by Hartley and Zissermann [15] is used.
If usesvd is True, similarity and Eucledian transformation matrices
are calculated by minimizing the weighted sum of squared deviations
(RMSD) according to the algorithm by Kabsch [8].
Otherwise, and if ndims is 3, the quaternion based algorithm by Horn [9]
is used, which is slower when using this Python implementation.

The returned matrix performs rotation, translation and uniform scaling
(if specified).

>>> v0 = [[0, 1031, 1031, 0], [0, 0, 1600, 1600]]
>>> v1 = [[675, 826, 826, 677], [55, 52, 281, 277]]
>>> affine_matrix_from_points(v0, v1)
array([[   0.14549,    0.00062,  675.50008],
       [   0.00048,    0.14094,   53.24971],
       [   0.     ,    0.     ,    1.     ]])
>>> T = translation_matrix(numpy.random.random(3)-0.5)
>>> R = random_rotation_matrix(numpy.random.random(3))
>>> S = scale_matrix(random.random())
>>> M = concatenate_matrices(T, R, S)
>>> v0 = (numpy.random.rand(4, 100) - 0.5) * 20
>>> v0[3] = 1
>>> v1 = numpy.dot(M, v0)
>>> v0[:3] += numpy.random.normal(0, 1e-8, 300).reshape(3, -1)
>>> M = affine_matrix_from_points(v0[:3], v1[:3])
>>> numpy.allclose(v1, numpy.dot(M, v0))
True





More examples in superimposition_matrix()






	
ipymd.shared.transformations.angle_between_vectors(v0, v1, directed=True, axis=0)[source]

	Return angle between vectors.

If directed is False, the input vectors are interpreted as undirected axes,
i.e. the maximum angle is pi/2.

>>> a = angle_between_vectors([1, -2, 3], [-1, 2, -3])
>>> numpy.allclose(a, math.pi)
True
>>> a = angle_between_vectors([1, -2, 3], [-1, 2, -3], directed=False)
>>> numpy.allclose(a, 0)
True
>>> v0 = [[2, 0, 0, 2], [0, 2, 0, 2], [0, 0, 2, 2]]
>>> v1 = [[3], [0], [0]]
>>> a = angle_between_vectors(v0, v1)
>>> numpy.allclose(a, [0, 1.5708, 1.5708, 0.95532])
True
>>> v0 = [[2, 0, 0], [2, 0, 0], [0, 2, 0], [2, 0, 0]]
>>> v1 = [[0, 3, 0], [0, 0, 3], [0, 0, 3], [3, 3, 3]]
>>> a = angle_between_vectors(v0, v1, axis=1)
>>> numpy.allclose(a, [1.5708, 1.5708, 1.5708, 0.95532])
True










	
ipymd.shared.transformations.arcball_constrain_to_axis(point, axis)[source]

	Return sphere point perpendicular to axis.






	
ipymd.shared.transformations.arcball_map_to_sphere(point, center, radius)[source]

	Return unit sphere coordinates from window coordinates.






	
ipymd.shared.transformations.arcball_nearest_axis(point, axes)[source]

	Return axis, which arc is nearest to point.






	
ipymd.shared.transformations.clip_matrix(left, right, bottom, top, near, far, perspective=False)[source]

	Return matrix to obtain normalized device coordinates from frustrum.

The frustrum bounds are axis-aligned along x (left, right),
y (bottom, top) and z (near, far).

Normalized device coordinates are in range [-1, 1] if coordinates are
inside the frustrum.

If perspective is True the frustrum is a truncated pyramid with the
perspective point at origin and direction along z axis, otherwise an
orthographic canonical view volume (a box).

Homogeneous coordinates transformed by the perspective clip matrix
need to be dehomogenized (divided by w coordinate).

>>> frustrum = numpy.random.rand(6)
>>> frustrum[1] += frustrum[0]
>>> frustrum[3] += frustrum[2]
>>> frustrum[5] += frustrum[4]
>>> M = clip_matrix(perspective=False, *frustrum)
>>> numpy.dot(M, [frustrum[0], frustrum[2], frustrum[4], 1])
array([-1., -1., -1.,  1.])
>>> numpy.dot(M, [frustrum[1], frustrum[3], frustrum[5], 1])
array([ 1.,  1.,  1.,  1.])
>>> M = clip_matrix(perspective=True, *frustrum)
>>> v = numpy.dot(M, [frustrum[0], frustrum[2], frustrum[4], 1])
>>> v / v[3]
array([-1., -1., -1.,  1.])
>>> v = numpy.dot(M, [frustrum[1], frustrum[3], frustrum[4], 1])
>>> v / v[3]
array([ 1.,  1., -1.,  1.])










	
ipymd.shared.transformations.compose_matrix(scale=None, shear=None, angles=None, translate=None, perspective=None)[source]

	Return transformation matrix from sequence of transformations.

This is the inverse of the decompose_matrix function.


	Sequence of transformations:

	scale : vector of 3 scaling factors
shear : list of shear factors for x-y, x-z, y-z axes
angles : list of Euler angles about static x, y, z axes
translate : translation vector along x, y, z axes
perspective : perspective partition of matrix



>>> scale = numpy.random.random(3) - 0.5
>>> shear = numpy.random.random(3) - 0.5
>>> angles = (numpy.random.random(3) - 0.5) * (2*math.pi)
>>> trans = numpy.random.random(3) - 0.5
>>> persp = numpy.random.random(4) - 0.5
>>> M0 = compose_matrix(scale, shear, angles, trans, persp)
>>> result = decompose_matrix(M0)
>>> M1 = compose_matrix(*result)
>>> is_same_transform(M0, M1)
True










	
ipymd.shared.transformations.concatenate_matrices(*matrices)[source]

	Return concatenation of series of transformation matrices.

>>> M = numpy.random.rand(16).reshape((4, 4)) - 0.5
>>> numpy.allclose(M, concatenate_matrices(M))
True
>>> numpy.allclose(numpy.dot(M, M.T), concatenate_matrices(M, M.T))
True










	
ipymd.shared.transformations.decompose_matrix(matrix)[source]

	Return sequence of transformations from transformation matrix.


	matrix : array_like

	Non-degenerative homogeneous transformation matrix

	Return tuple of:

	scale : vector of 3 scaling factors
shear : list of shear factors for x-y, x-z, y-z axes
angles : list of Euler angles about static x, y, z axes
translate : translation vector along x, y, z axes
perspective : perspective partition of matrix



Raise ValueError if matrix is of wrong type or degenerative.

>>> T0 = translation_matrix([1, 2, 3])
>>> scale, shear, angles, trans, persp = decompose_matrix(T0)
>>> T1 = translation_matrix(trans)
>>> numpy.allclose(T0, T1)
True
>>> S = scale_matrix(0.123)
>>> scale, shear, angles, trans, persp = decompose_matrix(S)
>>> scale[0]
0.123
>>> R0 = euler_matrix(1, 2, 3)
>>> scale, shear, angles, trans, persp = decompose_matrix(R0)
>>> R1 = euler_matrix(*angles)
>>> numpy.allclose(R0, R1)
True










	
ipymd.shared.transformations.distance(x1, x2)[source]

	Distance between two points in space






	
ipymd.shared.transformations.euler_from_matrix(matrix, axes='sxyz')[source]

	Return Euler angles from rotation matrix for specified axis sequence.

axes : One of 24 axis sequences as string or encoded tuple

Note that many Euler angle triplets can describe one matrix.

>>> R0 = euler_matrix(1, 2, 3, 'syxz')
>>> al, be, ga = euler_from_matrix(R0, 'syxz')
>>> R1 = euler_matrix(al, be, ga, 'syxz')
>>> numpy.allclose(R0, R1)
True
>>> angles = (4*math.pi) * (numpy.random.random(3) - 0.5)
>>> for axes in _AXES2TUPLE.keys():
...    R0 = euler_matrix(axes=axes, *angles)
...    R1 = euler_matrix(axes=axes, *euler_from_matrix(R0, axes))
...    if not numpy.allclose(R0, R1): print(axes, "failed")










	
ipymd.shared.transformations.euler_from_quaternion(quaternion, axes='sxyz')[source]

	Return Euler angles from quaternion for specified axis sequence.

>>> angles = euler_from_quaternion([0.99810947, 0.06146124, 0, 0])
>>> numpy.allclose(angles, [0.123, 0, 0])
True










	
ipymd.shared.transformations.euler_matrix(ai, aj, ak, axes='sxyz')[source]

	Return homogeneous rotation matrix from Euler angles and axis sequence.

ai, aj, ak : Euler’s roll, pitch and yaw angles
axes : One of 24 axis sequences as string or encoded tuple

>>> R = euler_matrix(1, 2, 3, 'syxz')
>>> numpy.allclose(numpy.sum(R[0]), -1.34786452)
True
>>> R = euler_matrix(1, 2, 3, (0, 1, 0, 1))
>>> numpy.allclose(numpy.sum(R[0]), -0.383436184)
True
>>> ai, aj, ak = (4*math.pi) * (numpy.random.random(3) - 0.5)
>>> for axes in _AXES2TUPLE.keys():
...    R = euler_matrix(ai, aj, ak, axes)
>>> for axes in _TUPLE2AXES.keys():
...    R = euler_matrix(ai, aj, ak, axes)










	
ipymd.shared.transformations.identity_matrix()[source]

	Return 4x4 identity/unit matrix.

>>> I = identity_matrix()
>>> numpy.allclose(I, numpy.dot(I, I))
True
>>> numpy.sum(I), numpy.trace(I)
(4.0, 4.0)
>>> numpy.allclose(I, numpy.identity(4))
True










	
ipymd.shared.transformations.inverse_matrix(matrix)[source]

	Return inverse of square transformation matrix.

>>> M0 = random_rotation_matrix()
>>> M1 = inverse_matrix(M0.T)
>>> numpy.allclose(M1, numpy.linalg.inv(M0.T))
True
>>> for size in range(1, 7):
...     M0 = numpy.random.rand(size, size)
...     M1 = inverse_matrix(M0)
...     if not numpy.allclose(M1, numpy.linalg.inv(M0)): print(size)










	
ipymd.shared.transformations.is_same_transform(matrix0, matrix1)[source]

	Return True if two matrices perform same transformation.

>>> is_same_transform(numpy.identity(4), numpy.identity(4))
True
>>> is_same_transform(numpy.identity(4), random_rotation_matrix())
False










	
ipymd.shared.transformations.normalized(x)[source]

	Return the x vector normalized






	
ipymd.shared.transformations.orthogonalization_matrix(lengths, angles)[source]

	Return orthogonalization matrix for crystallographic cell coordinates.

Angles are expected in degrees.

The de-orthogonalization matrix is the inverse.

>>> O = orthogonalization_matrix([10, 10, 10], [90, 90, 90])
>>> numpy.allclose(O[:3, :3], numpy.identity(3, float) * 10)
True
>>> O = orthogonalization_matrix([9.8, 12.0, 15.5], [87.2, 80.7, 69.7])
>>> numpy.allclose(numpy.sum(O), 43.063229)
True










	
ipymd.shared.transformations.projection_from_matrix(matrix, pseudo=False)[source]

	Return projection plane and perspective point from projection matrix.

Return values are same as arguments for projection_matrix function:
point, normal, direction, perspective, and pseudo.

>>> point = numpy.random.random(3) - 0.5
>>> normal = numpy.random.random(3) - 0.5
>>> direct = numpy.random.random(3) - 0.5
>>> persp = numpy.random.random(3) - 0.5
>>> P0 = projection_matrix(point, normal)
>>> result = projection_from_matrix(P0)
>>> P1 = projection_matrix(*result)
>>> is_same_transform(P0, P1)
True
>>> P0 = projection_matrix(point, normal, direct)
>>> result = projection_from_matrix(P0)
>>> P1 = projection_matrix(*result)
>>> is_same_transform(P0, P1)
True
>>> P0 = projection_matrix(point, normal, perspective=persp, pseudo=False)
>>> result = projection_from_matrix(P0, pseudo=False)
>>> P1 = projection_matrix(*result)
>>> is_same_transform(P0, P1)
True
>>> P0 = projection_matrix(point, normal, perspective=persp, pseudo=True)
>>> result = projection_from_matrix(P0, pseudo=True)
>>> P1 = projection_matrix(*result)
>>> is_same_transform(P0, P1)
True










	
ipymd.shared.transformations.projection_matrix(point, normal, direction=None, perspective=None, pseudo=False)[source]

	Return matrix to project onto plane defined by point and normal.

Using either perspective point, projection direction, or none of both.

If pseudo is True, perspective projections will preserve relative depth
such that Perspective = dot(Orthogonal, PseudoPerspective).

>>> P = projection_matrix([0, 0, 0], [1, 0, 0])
>>> numpy.allclose(P[1:, 1:], numpy.identity(4)[1:, 1:])
True
>>> point = numpy.random.random(3) - 0.5
>>> normal = numpy.random.random(3) - 0.5
>>> direct = numpy.random.random(3) - 0.5
>>> persp = numpy.random.random(3) - 0.5
>>> P0 = projection_matrix(point, normal)
>>> P1 = projection_matrix(point, normal, direction=direct)
>>> P2 = projection_matrix(point, normal, perspective=persp)
>>> P3 = projection_matrix(point, normal, perspective=persp, pseudo=True)
>>> is_same_transform(P2, numpy.dot(P0, P3))
True
>>> P = projection_matrix([3, 0, 0], [1, 1, 0], [1, 0, 0])
>>> v0 = (numpy.random.rand(4, 5) - 0.5) * 20
>>> v0[3] = 1
>>> v1 = numpy.dot(P, v0)
>>> numpy.allclose(v1[1], v0[1])
True
>>> numpy.allclose(v1[0], 3-v1[1])
True










	
ipymd.shared.transformations.quaternion_about_axis(angle, axis)[source]

	Return quaternion for rotation about axis.

>>> q = quaternion_about_axis(0.123, [1, 0, 0])
>>> numpy.allclose(q, [0.99810947, 0.06146124, 0, 0])
True










	
ipymd.shared.transformations.quaternion_conjugate(quaternion)[source]

	Return conjugate of quaternion.

>>> q0 = random_quaternion()
>>> q1 = quaternion_conjugate(q0)
>>> q1[0] == q0[0] and all(q1[1:] == -q0[1:])
True










	
ipymd.shared.transformations.quaternion_from_euler(ai, aj, ak, axes='sxyz')[source]

	Return quaternion from Euler angles and axis sequence.

ai, aj, ak : Euler’s roll, pitch and yaw angles
axes : One of 24 axis sequences as string or encoded tuple

>>> q = quaternion_from_euler(1, 2, 3, 'ryxz')
>>> numpy.allclose(q, [0.435953, 0.310622, -0.718287, 0.444435])
True










	
ipymd.shared.transformations.quaternion_from_matrix(matrix, isprecise=False)[source]

	Return quaternion from rotation matrix.

If isprecise is True, the input matrix is assumed to be a precise rotation
matrix and a faster algorithm is used.

>>> q = quaternion_from_matrix(numpy.identity(4), True)
>>> numpy.allclose(q, [1, 0, 0, 0])
True
>>> q = quaternion_from_matrix(numpy.diag([1, -1, -1, 1]))
>>> numpy.allclose(q, [0, 1, 0, 0]) or numpy.allclose(q, [0, -1, 0, 0])
True
>>> R = rotation_matrix(0.123, (1, 2, 3))
>>> q = quaternion_from_matrix(R, True)
>>> numpy.allclose(q, [0.9981095, 0.0164262, 0.0328524, 0.0492786])
True
>>> R = [[-0.545, 0.797, 0.260, 0], [0.733, 0.603, -0.313, 0],
...      [-0.407, 0.021, -0.913, 0], [0, 0, 0, 1]]
>>> q = quaternion_from_matrix(R)
>>> numpy.allclose(q, [0.19069, 0.43736, 0.87485, -0.083611])
True
>>> R = [[0.395, 0.362, 0.843, 0], [-0.626, 0.796, -0.056, 0],
...      [-0.677, -0.498, 0.529, 0], [0, 0, 0, 1]]
>>> q = quaternion_from_matrix(R)
>>> numpy.allclose(q, [0.82336615, -0.13610694, 0.46344705, -0.29792603])
True
>>> R = random_rotation_matrix()
>>> q = quaternion_from_matrix(R)
>>> is_same_transform(R, quaternion_matrix(q))
True










	
ipymd.shared.transformations.quaternion_imag(quaternion)[source]

	Return imaginary part of quaternion.

>>> quaternion_imag([3, 0, 1, 2])
array([ 0.,  1.,  2.])










	
ipymd.shared.transformations.quaternion_inverse(quaternion)[source]

	Return inverse of quaternion.

>>> q0 = random_quaternion()
>>> q1 = quaternion_inverse(q0)
>>> numpy.allclose(quaternion_multiply(q0, q1), [1, 0, 0, 0])
True










	
ipymd.shared.transformations.quaternion_matrix(quaternion)[source]

	Return homogeneous rotation matrix from quaternion.

>>> M = quaternion_matrix([0.99810947, 0.06146124, 0, 0])
>>> numpy.allclose(M, rotation_matrix(0.123, [1, 0, 0]))
True
>>> M = quaternion_matrix([1, 0, 0, 0])
>>> numpy.allclose(M, numpy.identity(4))
True
>>> M = quaternion_matrix([0, 1, 0, 0])
>>> numpy.allclose(M, numpy.diag([1, -1, -1, 1]))
True










	
ipymd.shared.transformations.quaternion_multiply(quaternion1, quaternion0)[source]

	Return multiplication of two quaternions.

>>> q = quaternion_multiply([4, 1, -2, 3], [8, -5, 6, 7])
>>> numpy.allclose(q, [28, -44, -14, 48])
True










	
ipymd.shared.transformations.quaternion_real(quaternion)[source]

	Return real part of quaternion.

>>> quaternion_real([3, 0, 1, 2])
3.0










	
ipymd.shared.transformations.quaternion_slerp(quat0, quat1, fraction, spin=0, shortestpath=True)[source]

	Return spherical linear interpolation between two quaternions.

>>> q0 = random_quaternion()
>>> q1 = random_quaternion()
>>> q = quaternion_slerp(q0, q1, 0)
>>> numpy.allclose(q, q0)
True
>>> q = quaternion_slerp(q0, q1, 1, 1)
>>> numpy.allclose(q, q1)
True
>>> q = quaternion_slerp(q0, q1, 0.5)
>>> angle = math.acos(numpy.dot(q0, q))
>>> numpy.allclose(2, math.acos(numpy.dot(q0, q1)) / angle) or         numpy.allclose(2, math.acos(-numpy.dot(q0, q1)) / angle)
True










	
ipymd.shared.transformations.random_quaternion(rand=None)[source]

	Return uniform random unit quaternion.


	rand: array like or None

	Three independent random variables that are uniformly distributed
between 0 and 1.



>>> q = random_quaternion()
>>> numpy.allclose(1, vector_norm(q))
True
>>> q = random_quaternion(numpy.random.random(3))
>>> len(q.shape), q.shape[0]==4
(1, True)










	
ipymd.shared.transformations.random_rotation_matrix(rand=None)[source]

	Return uniform random rotation matrix.


	rand: array like

	Three independent random variables that are uniformly distributed
between 0 and 1 for each returned quaternion.



>>> R = random_rotation_matrix()
>>> numpy.allclose(numpy.dot(R.T, R), numpy.identity(4))
True










	
ipymd.shared.transformations.random_vector(size)[source]

	Return array of random doubles in the half-open interval [0.0, 1.0).

>>> v = random_vector(10000)
>>> numpy.all(v >= 0) and numpy.all(v < 1)
True
>>> v0 = random_vector(10)
>>> v1 = random_vector(10)
>>> numpy.any(v0 == v1)
False










	
ipymd.shared.transformations.reflection_from_matrix(matrix)[source]

	Return mirror plane point and normal vector from reflection matrix.

>>> v0 = numpy.random.random(3) - 0.5
>>> v1 = numpy.random.random(3) - 0.5
>>> M0 = reflection_matrix(v0, v1)
>>> point, normal = reflection_from_matrix(M0)
>>> M1 = reflection_matrix(point, normal)
>>> is_same_transform(M0, M1)
True










	
ipymd.shared.transformations.reflection_matrix(point, normal)[source]

	Return matrix to mirror at plane defined by point and normal vector.

>>> v0 = numpy.random.random(4) - 0.5
>>> v0[3] = 1.
>>> v1 = numpy.random.random(3) - 0.5
>>> R = reflection_matrix(v0, v1)
>>> numpy.allclose(2, numpy.trace(R))
True
>>> numpy.allclose(v0, numpy.dot(R, v0))
True
>>> v2 = v0.copy()
>>> v2[:3] += v1
>>> v3 = v0.copy()
>>> v2[:3] -= v1
>>> numpy.allclose(v2, numpy.dot(R, v3))
True










	
ipymd.shared.transformations.rotate_vectors(vector, axis, theta)[source]

	rotate the vector v clockwise about the given axis vector
by theta degrees.

e.g. rotate([0,1,0],[0,0,1],90) -> [1,0,0]


	vector : iterable or list of iterables

	vector to rotate [x,y,z] or [[x1,y1,z1],[x2,y2,z2]]

	axis : iterable

	axis to rotate around [x0,y0,z0]

	theta : float

	rotation angle in degrees








	
ipymd.shared.transformations.rotation_from_matrix(matrix)[source]

	Return rotation angle and axis from rotation matrix.

>>> angle = (random.random() - 0.5) * (2*math.pi)
>>> direc = numpy.random.random(3) - 0.5
>>> point = numpy.random.random(3) - 0.5
>>> R0 = rotation_matrix(angle, direc, point)
>>> angle, direc, point = rotation_from_matrix(R0)
>>> R1 = rotation_matrix(angle, direc, point)
>>> is_same_transform(R0, R1)
True










	
ipymd.shared.transformations.rotation_matrix(angle, direction)[source]

	Create a rotation matrix corresponding to the rotation around a general
axis by a specified angle.

R = dd^T + cos(a) (I - dd^T) + sin(a) skew(d)





	Parameters:	
	angle – float a

	direction – array d














	
ipymd.shared.transformations.scale_from_matrix(matrix)[source]

	Return scaling factor, origin and direction from scaling matrix.

>>> factor = random.random() * 10 - 5
>>> origin = numpy.random.random(3) - 0.5
>>> direct = numpy.random.random(3) - 0.5
>>> S0 = scale_matrix(factor, origin)
>>> factor, origin, direction = scale_from_matrix(S0)
>>> S1 = scale_matrix(factor, origin, direction)
>>> is_same_transform(S0, S1)
True
>>> S0 = scale_matrix(factor, origin, direct)
>>> factor, origin, direction = scale_from_matrix(S0)
>>> S1 = scale_matrix(factor, origin, direction)
>>> is_same_transform(S0, S1)
True










	
ipymd.shared.transformations.scale_matrix(factor, origin=None, direction=None)[source]

	Return matrix to scale by factor around origin in direction.

Use factor -1 for point symmetry.

>>> v = (numpy.random.rand(4, 5) - 0.5) * 20
>>> v[3] = 1
>>> S = scale_matrix(-1.234)
>>> numpy.allclose(numpy.dot(S, v)[:3], -1.234*v[:3])
True
>>> factor = random.random() * 10 - 5
>>> origin = numpy.random.random(3) - 0.5
>>> direct = numpy.random.random(3) - 0.5
>>> S = scale_matrix(factor, origin)
>>> S = scale_matrix(factor, origin, direct)










	
ipymd.shared.transformations.shear_from_matrix(matrix)[source]

	Return shear angle, direction and plane from shear matrix.

>>> angle = (random.random() - 0.5) * 4*math.pi
>>> direct = numpy.random.random(3) - 0.5
>>> point = numpy.random.random(3) - 0.5
>>> normal = numpy.cross(direct, numpy.random.random(3))
>>> S0 = shear_matrix(angle, direct, point, normal)
>>> angle, direct, point, normal = shear_from_matrix(S0)
>>> S1 = shear_matrix(angle, direct, point, normal)
>>> is_same_transform(S0, S1)
True










	
ipymd.shared.transformations.shear_matrix(angle, direction, point, normal)[source]

	Return matrix to shear by angle along direction vector on shear plane.

The shear plane is defined by a point and normal vector. The direction
vector must be orthogonal to the plane’s normal vector.

A point P is transformed by the shear matrix into P” such that
the vector P-P” is parallel to the direction vector and its extent is
given by the angle of P-P’-P”, where P’ is the orthogonal projection
of P onto the shear plane.

>>> angle = (random.random() - 0.5) * 4*math.pi
>>> direct = numpy.random.random(3) - 0.5
>>> point = numpy.random.random(3) - 0.5
>>> normal = numpy.cross(direct, numpy.random.random(3))
>>> S = shear_matrix(angle, direct, point, normal)
>>> numpy.allclose(1, numpy.linalg.det(S))
True










	
ipymd.shared.transformations.simple_clip_matrix(scale, znear, zfar, aspectratio=1.0)[source]

	Given the parameters for a frustum returns a 4x4 perspective
projection matrix





	Parameters:	
	scale (float [http://docs.python.org/2.7/library/functions.html#float]) – 

	znear,zfar (float [http://docs.python.org/2.7/library/functions.html#float]) – near/far plane z, float









Return: a 4x4 perspective matrix






	
ipymd.shared.transformations.superimposition_matrix(v0, v1, scale=False, usesvd=True)[source]

	Return matrix to transform given 3D point set into second point set.

v0 and v1 are shape (3, *) or (4, *) arrays of at least 3 points.

The parameters scale and usesvd are explained in the more general
affine_matrix_from_points function.

The returned matrix is a similarity or Eucledian transformation matrix.
This function has a fast C implementation in transformations.c.

>>> v0 = numpy.random.rand(3, 10)
>>> M = superimposition_matrix(v0, v0)
>>> numpy.allclose(M, numpy.identity(4))
True
>>> R = random_rotation_matrix(numpy.random.random(3))
>>> v0 = [[1,0,0], [0,1,0], [0,0,1], [1,1,1]]
>>> v1 = numpy.dot(R, v0)
>>> M = superimposition_matrix(v0, v1)
>>> numpy.allclose(v1, numpy.dot(M, v0))
True
>>> v0 = (numpy.random.rand(4, 100) - 0.5) * 20
>>> v0[3] = 1
>>> v1 = numpy.dot(R, v0)
>>> M = superimposition_matrix(v0, v1)
>>> numpy.allclose(v1, numpy.dot(M, v0))
True
>>> S = scale_matrix(random.random())
>>> T = translation_matrix(numpy.random.random(3)-0.5)
>>> M = concatenate_matrices(T, R, S)
>>> v1 = numpy.dot(M, v0)
>>> v0[:3] += numpy.random.normal(0, 1e-9, 300).reshape(3, -1)
>>> M = superimposition_matrix(v0, v1, scale=True)
>>> numpy.allclose(v1, numpy.dot(M, v0))
True
>>> M = superimposition_matrix(v0, v1, scale=True, usesvd=False)
>>> numpy.allclose(v1, numpy.dot(M, v0))
True
>>> v = numpy.empty((4, 100, 3))
>>> v[:, :, 0] = v0
>>> M = superimposition_matrix(v0, v1, scale=True, usesvd=False)
>>> numpy.allclose(v1, numpy.dot(M, v[:, :, 0]))
True










	
ipymd.shared.transformations.transform_from_crytal(coords, a, b, c, origin=[0, 0, 0])[source]

	transform from crystal fractional coordinates to cartesian

coords : numpy.array((N,3))

a : numpy.array(3)

b : numpy.array(3)

c : numpy.array(3)

origin : numpy.array(3)

Notes

From https://en.wikipedia.org/wiki/Fractional_coordinates


\[\begin{split}\begin{bmatrix}x\\y\\z\\\end{bmatrix}=
\begin{bmatrix}a&b\cos(\gamma )&c\cos(\beta )\\0&b\sin(\gamma )&c{\frac {\cos(\alpha )-\cos(\beta )\cos(\gamma )}{\sin(\gamma )}}\\0&0&c{\frac {v}{\sin(\gamma )}}\\\end{bmatrix}
\begin{bmatrix}x_{frac}\\y_{frac}\\z_{frac}\\\end{bmatrix}\end{split}\]

such that v is the volume of a unit parallelepiped defined as:


\[v={\sqrt {1-\cos ^{2}(\alpha )-\cos ^{2}(\beta )-\cos ^{2}(\gamma )+2\cos(\alpha )\cos(\beta )\cos(\gamma )}}\]






	
ipymd.shared.transformations.transform_to_crystal(coords, a, b, c, origin=[0, 0, 0])[source]

	transform from cartesian to crystal fractional coordinates

coords : numpy.array((N,3))
a : numpy.array(3)
b : numpy.array(3)
c : numpy.array(3)
origin : numpy.array(3)

Notes

From https://en.wikipedia.org/wiki/Fractional_coordinates


\[\begin{split}\begin{bmatrix}x_{frac}\\y_{frac}\\z_{frac}\\\end{bmatrix}=
\begin{bmatrix}{
\frac {1}{a}}&-{\frac {\cos(\gamma )}{a\sin(\gamma )}}&{\frac {\cos(\alpha )\cos(\gamma )-\cos(\beta )}{av\sin(\gamma )}}\\
0&{\frac {1}{b\sin(\gamma )}}&{\frac {\cos(\beta )\cos(\gamma )-\cos(\alpha )}{bv\sin(\gamma )}}\\
0&0&{\frac {\sin(\gamma )}{cv}}\\\end{bmatrix}
\begin{bmatrix}x\\y\\z\\\end{bmatrix}\end{split}\]

such that v is the volume of a unit parallelepiped defined as:


\[v={\sqrt {1-\cos ^{2}(\alpha )-\cos ^{2}(\beta )-\cos ^{2}(\gamma )+2\cos(\alpha )\cos(\beta )\cos(\gamma )}}\]






	
ipymd.shared.transformations.translation_from_matrix(matrix)[source]

	Return translation vector from translation matrix.

>>> v0 = numpy.random.random(3) - 0.5
>>> v1 = translation_from_matrix(translation_matrix(v0))
>>> numpy.allclose(v0, v1)
True










	
ipymd.shared.transformations.translation_matrix(direction)[source]

	Return matrix to translate by direction vector.

>>> v = numpy.random.random(3) - 0.5
>>> numpy.allclose(v, translation_matrix(v)[:3, 3])
True










	
ipymd.shared.transformations.unit_vector(data, axis=None, out=None)[source]

	Return ndarray normalized by length, i.e. eucledian norm, along axis.

>>> v0 = numpy.random.random(3)
>>> v1 = unit_vector(v0)
>>> numpy.allclose(v1, v0 / numpy.linalg.norm(v0))
True
>>> v0 = numpy.random.rand(5, 4, 3)
>>> v1 = unit_vector(v0, axis=-1)
>>> v2 = v0 / numpy.expand_dims(numpy.sqrt(numpy.sum(v0*v0, axis=2)), 2)
>>> numpy.allclose(v1, v2)
True
>>> v1 = unit_vector(v0, axis=1)
>>> v2 = v0 / numpy.expand_dims(numpy.sqrt(numpy.sum(v0*v0, axis=1)), 1)
>>> numpy.allclose(v1, v2)
True
>>> v1 = numpy.empty((5, 4, 3))
>>> unit_vector(v0, axis=1, out=v1)
>>> numpy.allclose(v1, v2)
True
>>> list(unit_vector([]))
[]
>>> list(unit_vector([1]))
[1.0]










	
ipymd.shared.transformations.vector_norm(data, axis=None, out=None)[source]

	Return length, i.e. eucledian norm, of ndarray along axis.

>>> v = numpy.random.random(3)
>>> n = vector_norm(v)
>>> numpy.allclose(n, numpy.linalg.norm(v))
True
>>> v = numpy.random.rand(6, 5, 3)
>>> n = vector_norm(v, axis=-1)
>>> numpy.allclose(n, numpy.sqrt(numpy.sum(v*v, axis=2)))
True
>>> n = vector_norm(v, axis=1)
>>> numpy.allclose(n, numpy.sqrt(numpy.sum(v*v, axis=1)))
True
>>> v = numpy.random.rand(5, 4, 3)
>>> n = numpy.empty((5, 3))
>>> vector_norm(v, axis=1, out=n)
>>> numpy.allclose(n, numpy.sqrt(numpy.sum(v*v, axis=1)))
True
>>> vector_norm([])
0.0
>>> vector_norm([1])
1.0










	
ipymd.shared.transformations.vector_product(v0, v1, axis=0)[source]

	Return vector perpendicular to vectors.

>>> v = vector_product([2, 0, 0], [0, 3, 0])
>>> numpy.allclose(v, [0, 0, 6])
True
>>> v0 = [[2, 0, 0, 2], [0, 2, 0, 2], [0, 0, 2, 2]]
>>> v1 = [[3], [0], [0]]
>>> v = vector_product(v0, v1)
>>> numpy.allclose(v, [[0, 0, 0, 0], [0, 0, 6, 6], [0, -6, 0, -6]])
True
>>> v0 = [[2, 0, 0], [2, 0, 0], [0, 2, 0], [2, 0, 0]]
>>> v1 = [[0, 3, 0], [0, 0, 3], [0, 0, 3], [3, 3, 3]]
>>> v = vector_product(v0, v1, axis=1)
>>> numpy.allclose(v, [[0, 0, 6], [0, -6, 0], [6, 0, 0], [0, -6, 6]])
True














Module contents


	
ipymd.shared.atom_data()[source]

	return a dataframe of atomic data






	
ipymd.shared.get_data_path(data, check_exists=False, module=<module 'ipymd.test_data' from '/home/docs/checkouts/readthedocs.org/user_builds/ipymd/checkouts/stable/ipymd/test_data/__init__.pyc'>)[source]

	return a directory path to data within a module


	data : str or list of str

	file name or list of sub-directories and file name (e.g. [‘lammps’,’data.txt’])
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Module contents

Created on Sun May  1 22:46:22 2016

@author: cjs14
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Module contents

Created on Sun May  1 22:46:22 2016

@author: cjs14
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Subpackages



	ipymd.test_data.atom_dump package
	Module contents












Module contents
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ipymd.test_data.atom_dump package


Module contents

Created on Sun May  1 22:46:22 2016

@author: cjs14
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ipymd.visualise package


Subpackages



	ipymd.visualise.opengl package
	Subpackages
	ipymd.visualise.opengl.postprocessing package
	Subpackages
	ipymd.visualise.opengl.postprocessing.shaders package
	Module contents









	Submodules

	ipymd.visualise.opengl.postprocessing.base module

	ipymd.visualise.opengl.postprocessing.noeffect module

	Module contents





	ipymd.visualise.opengl.renderers package
	Subpackages
	ipymd.visualise.opengl.renderers.opengl_shaders package
	Module contents









	Submodules

	ipymd.visualise.opengl.renderers.atom module

	ipymd.visualise.opengl.renderers.base module

	ipymd.visualise.opengl.renderers.box module

	ipymd.visualise.opengl.renderers.hexagon module

	ipymd.visualise.opengl.renderers.line module

	ipymd.visualise.opengl.renderers.point module

	ipymd.visualise.opengl.renderers.sphere module

	ipymd.visualise.opengl.renderers.sphere_imp module

	ipymd.visualise.opengl.renderers.triangle module

	ipymd.visualise.opengl.renderers.triangles module

	Module contents









	Submodules

	ipymd.visualise.opengl.buffers module

	ipymd.visualise.opengl.camera module

	ipymd.visualise.opengl.qchemlabwidget module

	ipymd.visualise.opengl.qtviewer module

	ipymd.visualise.opengl.shaders module

	ipymd.visualise.opengl.textures module

	Module contents












Submodules




ipymd.visualise.visualise_sim module

Created on Sun May  1 23:47:03 2016

@author: cjs14


	
class ipymd.visualise.visualise_sim.Visualise_Sim(units='real')[source]

	Bases: object [http://docs.python.org/2.7/library/functions.html#object]


	colormap: dict, should contain the ‘Xx’ key,value pair

	A dictionary mapping atom types to colors. By default it is the color
scheme provided by chemlab.graphics.colors.default_atom_map. The ‘Xx’
symbol value is taken as the default color.

	radii_map: dict, should contain the ‘Xx’ key,value pair.

	A dictionary mapping atom types to radii. The default is the
mapping contained in chemlab.db.vdw.vdw_dict



For units real, these are the units:


mass = grams/mole
distance = Angstroms
time = femtoseconds
energy = Kcal/mole
velocity = Angstroms/femtosecond
force = Kcal/mole-Angstrom
torque = Kcal/mole
temperature = Kelvin
pressure = atmospheres
dynamic viscosity = Poise
charge = multiple of electron charge (1.0 is a proton)
dipole = charge*Angstroms
electric field = volts/Angstrom
density = gram/cm^dim



	
add_atoms(atoms_df, spheres=True, illustrate=False)[source]

	add atoms to visualisation


	atoms_df : pandas.DataFrame

	a table of atom data, must contain columns;
x, y, z, radius, color and transparency

	spheres : bool

	whether the atoms are rendered as spheres or points

	illustrate : str

	if True, atom shading is more indicative of an illustration








	
add_axes(axes=[[1, 0, 0], [0, 1, 0], [0, 0, 1]], length=1.0, offset=(-1.2, 0.2), colors=('red', 'green', 'blue'), width=1.5)[source]

	add axes


	axes : np.array(3,3)

	to turn off axes, set to None

	axes_offset : tuple

	x, y offset from top top-left atom








	
add_box(a, b, c, origin=[0, 0, 0], color='black', width=1)[source]

	add wireframed box to visualisation


	a : np.ndarray(3, dtype=float)

	The a vectors representing the sides of the box.

	b : np.ndarray(3, dtype=float)

	The b vectors representing the sides of the box.

	c : np.ndarray(3, dtype=float)

	The c vectors representing the sides of the box.

	origin : np.ndarray((3,3), dtype=float), default to zero

	
The origin of the box.



	color : str

	the color of the wireframe, in chemlab colors












	
add_box_from_meta(meta, color='black', width=1)[source]

	a shortcut for adding boxes using a panda.Series containing a,b,c,origin






	
add_hexagon(vectors, origin=<Mock object>, color='black', width=1)[source]

	add wireframed hexagonal prism to visualisation


	vectors : np.ndarray((2,3), dtype=float)

	The two vectors representing the orthogonal a,c directions.

	origin : np.ndarray((3,3), dtype=float), default to zero

	
The origin of the hexagon (representing center of hexagon)



	color : str

	the color of the wireframe, in chemlab colors












	
add_plane(vectors, origin=<Mock object>, rev_normal=False, color='red', alpha=1.0)[source]

	add square plane to visualisation


	vectors : np.ndarray((2,3), dtype=float)

	The two vectors representing the edges of the plane.

	origin : np.ndarray((3,3), dtype=float), default to zero

	The origin of the plane.

	rev_normal : bool

	whether to reverse direction of normal (for lighting calculations)

	color : str

	the color of the plane, in chemlab colors








	
basic_vis(atoms_df=None, meta=None, spheres=True, illustrate=False, xrot=0, yrot=0, zrot=0, fov=10.0, axes=<Mock object>, axes_length=1.0, axes_offset=(-1.2, 0.2), size=400, quality=5)[source]

	basic visualisation shortcut

invoking add_atoms, add_box (if meta), add_axes, get_image and visualise functions






	
create_textline_image(text, fontsize=10, color=(0, 0, 0), background=(255, 255, 255), boxsize=(1000, 20))[source]

	create a PIL image from a line of text






	
get_image(xrot=0, yrot=0, zrot=0, fov=5.0, size=400, quality=5, zoom_extents=None, trim_whitespace=True)[source]

	get image of visualisation

NB: x-axis horizontal, y-axis vertical, z-axis out of page





	Parameters:	
	rotx (float [http://docs.python.org/2.7/library/functions.html#float]) – rotation about x (degrees)

	roty (float [http://docs.python.org/2.7/library/functions.html#float]) – rotation about y (degrees)

	rotz (float [http://docs.python.org/2.7/library/functions.html#float]) – rotation about z (degrees)

	fov (float [http://docs.python.org/2.7/library/functions.html#float]) – field of view angle (degrees)

	size (float [http://docs.python.org/2.7/library/functions.html#float]) – size of image

	quality (float [http://docs.python.org/2.7/library/functions.html#float]) – quality of image (pixels per point), note: higher quality will take longer to render

	zoom_extents (None or np.ndarray((N, 3))) – define an array of points to autozoom image, if None then computed automatically

	trim_whitespace (bool [http://docs.python.org/2.7/library/functions.html#bool]) – whether to trim whitspace around image






	Returns:	image




	Return type:	PIL.Image












	
remove_all_objects()[source]

	




	
remove_atoms(n=1)[source]

	remove the last n sets of atoms to be added






	
remove_boxes(n=1)[source]

	remove the last n boxes to be added






	
remove_hexagons(n=1)[source]

	remove the last n boxes to be added






	
remove_planes(n=1)[source]

	remove the last n planes to be added






	
visualise(images, columns=1, width=None, height=None)[source]

	visualise image(s) in IPython

When this object is returned by an input cell or passed to the
display function, it will result in the image being displayed
in the frontend.





	Parameters:	
	images (list/single PIL.Image or (x,y)) – (x,y) denotes a blank space of size x,y e.g. [img1,(100,0),img2]

	columns (int [http://docs.python.org/2.7/library/functions.html#int]) – number of image columns

	width (int [http://docs.python.org/2.7/library/functions.html#int]) – Width to which to constrain the image in html

	height (int [http://docs.python.org/2.7/library/functions.html#int]) – Height to which to constrain the image in html






	Returns:	image




	Return type:	IPython.display.Image [http://ipython.org/ipython-doc/stable/api/generated/IPython.display.html#IPython.display.Image]
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ipymd.visualise.opengl package


Subpackages



	ipymd.visualise.opengl.postprocessing package
	Subpackages
	ipymd.visualise.opengl.postprocessing.shaders package
	Module contents









	Submodules

	ipymd.visualise.opengl.postprocessing.base module

	ipymd.visualise.opengl.postprocessing.noeffect module

	Module contents





	ipymd.visualise.opengl.renderers package
	Subpackages
	ipymd.visualise.opengl.renderers.opengl_shaders package
	Module contents









	Submodules

	ipymd.visualise.opengl.renderers.atom module

	ipymd.visualise.opengl.renderers.base module

	ipymd.visualise.opengl.renderers.box module

	ipymd.visualise.opengl.renderers.hexagon module

	ipymd.visualise.opengl.renderers.line module

	ipymd.visualise.opengl.renderers.point module

	ipymd.visualise.opengl.renderers.sphere module

	ipymd.visualise.opengl.renderers.sphere_imp module

	ipymd.visualise.opengl.renderers.triangle module

	ipymd.visualise.opengl.renderers.triangles module

	Module contents












Submodules




ipymd.visualise.opengl.buffers module


	
class ipymd.visualise.opengl.buffers.VertexBuffer(data, usage)[source]

	Bases: object [http://docs.python.org/2.7/library/functions.html#object]


	
bind()[source]

	




	
bind_attrib(attribute, size, type, normalized=<Mock object>, stride=0)[source]

	




	
bind_colors(size, type, stride=0)[source]

	




	
bind_edgeflags(stride=0)[source]

	




	
bind_indexes(type, stride=0)[source]

	




	
bind_normals(type, stride=0)[source]

	




	
bind_texcoords(size, type, stride=0)[source]

	




	
bind_vertexes(size, type, stride=0)[source]

	




	
set_data(data)[source]

	




	
unbind()[source]

	










ipymd.visualise.opengl.camera module

Module to provide a nice camera for 3d applications


	
class ipymd.visualise.opengl.camera.Camera[source]

	Our viewpoint on the 3D world. The Camera class can be used to
access and modify from which point we’re seeing the scene.

It also handle the projection matrix (the matrix we apply to
project 3d points onto our 2d screen).


	
position

	



	Type:	np.ndarray(3, float)


	Default:	np.array([0.0, 0.0, 5.0])





The position of the camera. You can modify this attribute to
move the camera in various directions using the absoule x, y
and z coordinates.






	
a, b, c

	



	Type:	np.ndarray(3), np.ndarray(3), np.ndarray(3) dtype=float


	Default:	a: np.ndarray([1.0, 0.0, 0.0])
b: np.ndarray([0.0, 1.0, 0.0])
c: np.ndarray([0.0, 0.0, -1.0])





Those three vectors represent the camera orientation. The a
vector points to our right, the b points upwards and c
in front of us.

By default the camera points in the negative z-axis
direction.






	
pivot

	



	Type:	np.ndarray(3, dtype=float)


	Default:	np.array([0.0, 0.0, 0.0])





The point we will orbit around by using
Camera.orbit_x() and Camera.orbit_y().






	
matrix

	



	Type:	np.ndarray((4,4), dtype=float)





Camera matrix, it contains the rotations and translations
needed to transform the world according to the camera position.
It is generated from the a,``b``,``c`` vectors.






	
projection

	



	Type:	np.ndarray((4, 4),dtype=float)





Projection matrix, generated from the projection parameters.






	
z_near, z_far

	



	Type:	float, float





Near and far clipping planes. For more info refer to:
http://www.lighthouse3d.com/tutorials/view-frustum-culling/






	
fov

	



	Type:	float





field of view in degrees used to generate the projection matrix.






	
aspectratio

	



	Type:	float





Aspect ratio for the projection matrix, this should be adapted
when the application window is resized.






	
autozoom(points)[source]

	Fit the current view to the correct zoom level to display
all points.

The camera viewing direction and rotation pivot match the
geometric center of the points and the distance from that
point is calculated in order for all points to be in the field
of view. This is currently used to provide optimal
visualization for molecules and systems

Parameters


	points: np.ndarray((N, 3))

	Array of points.








	
matrix

	




	
mouse_rotate(dx, dy)[source]

	Convenience function to implement the mouse rotation by
giving two displacements in the x and y directions.






	
mouse_zoom(inc)[source]

	Convenience function to implement a zoom function.

This is achieved by moving Camera.position in the
direction of the Camera.c vector.






	
orbit_x(angle)[source]

	Same as orbit_y()
but the axis of rotation is the Camera.b vector.

We rotate around the point like if we sit on the side of a salad
spinner.






	
orbit_y(angle)[source]

	Orbit around the point Camera.pivot by the angle
angle expressed in radians. The axis of rotation is the
camera “right” vector, Camera.a.

In practice, we move around a point like if we were on a Ferris
wheel.






	
orbit_z(angle)[source]

	




	
projection

	




	
restore(state)[source]

	Restore the camera state, passed as a state
dictionary. You can obtain a previous state from the method
Camera.state.






	
state()[source]

	Return the current camera state as a dictionary, it can be
restored with Camera.restore.






	
unproject(x, y, z=-1.0)[source]

	Receive x and y as screen coordinates and returns a point
in world coordinates.

This function comes in handy each time we have to convert a 2d
mouse click to a 3d point in our space.

Parameters


	x: float in the interval [-1.0, 1.0]

	Horizontal coordinate, -1.0 is leftmost, 1.0 is rightmost.

	y: float in the interval [1.0, -1.0]

	Vertical coordinate, -1.0 is down, 1.0 is up.

	z: float in the interval [1.0, -1.0]

	Depth, -1.0 is the near plane, that is exactly behind our
screen, 1.0 is the far clipping plane.







	Return type:	np.ndarray(3,dtype=float)


	Returns:	The point in 3d coordinates (world coordinates).














	
ipymd.visualise.opengl.camera.fequal(a, b, tol)[source]

	






ipymd.visualise.opengl.qchemlabwidget module


	
ipymd.visualise.opengl.qchemlabwidget.create_color_texture(fb, width, height)[source]

	




	
ipymd.visualise.opengl.qchemlabwidget.create_depth_texture(fb, width, height)[source]

	




	
ipymd.visualise.opengl.qchemlabwidget.create_normal_texture(fb, width, height)[source]

	






ipymd.visualise.opengl.qtviewer module


	
class ipymd.visualise.opengl.qtviewer.FpsDraw(parent)[source]

	Bases: object [http://docs.python.org/2.7/library/functions.html#object]


	
draw()[source]

	










ipymd.visualise.opengl.shaders module


	
ipymd.visualise.opengl.shaders.compileShader(source, shaderType)[source]

	Compile shader source of given type

source – GLSL source-code for the shader
shaderType – GLenum GL_VERTEX_SHADER, GL_FRAGMENT_SHADER, etc,

returns GLuint compiled shader reference
raises RuntimeError when a compilation failure occurs






	
ipymd.visualise.opengl.shaders.set_uniform(prog, uni, typ, value)[source]

	






ipymd.visualise.opengl.textures module

Texture data structures


	
class ipymd.visualise.opengl.textures.Texture(kind, width, height, intformat, format, dtype, data=None)[source]

	Bases: object [http://docs.python.org/2.7/library/functions.html#object]


	
bind()[source]

	




	
delete()[source]

	




	
empty()[source]

	




	
set_parameter(par, value)[source]
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ipymd.visualise.opengl.postprocessing package


Subpackages



	ipymd.visualise.opengl.postprocessing.shaders package
	Module contents












Submodules




ipymd.visualise.opengl.postprocessing.base module


	
class ipymd.visualise.opengl.postprocessing.base.AbstractEffect(*args, **kwargs)[source]

	Bases: object [http://docs.python.org/2.7/library/functions.html#object]

Interface for a generic post processing effect.

A subclass of AbstractEffect can be used by a
QChemlabWidget to provide
post-processing effects such as outlines, gamma correction,
approximate anti-aliasing, or screen space ambient occlusion.


	
on_resize(w, h)[source]

	Optionally, subclasses can override on_resize. This method
is useful if the post-processing effect requires additional
creation of textures that need to hold multiple passes.






	
render(fb, textures)[source]

	Subclasses should override this method to draw the
post-processing effect by using the framebuffer fb
(represented as an integer generated by glGenFramebuffers).

The textures corresponding to the model rendering and the
previous post-processing effects are passed through the
dictionary textures.

The textures passed by default are “color”, “depth” and
“normal” and are instances of
chemlab.graphics.Texture.






	
set_options(**options)[source]

	Subclasses should use this method to change the options of
the effect












ipymd.visualise.opengl.postprocessing.noeffect module


	
class ipymd.visualise.opengl.postprocessing.noeffect.NoEffect(widget)[source]

	Bases: ipymd.visualise.opengl.postprocessing.base.AbstractEffect

Re-render the object without implementing any effect.

This renderer serves as an example, and can be used to access the
textures used for the rendering through the texture
attribute.

This texture can be used to dump the image being rendered.


	
render(fb, textures)[source]
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Subpackages



	ipymd.visualise.opengl.renderers.opengl_shaders package
	Module contents












Submodules




ipymd.visualise.opengl.renderers.atom module

Created on Sun May 15 20:10:20 2016

@author: cjs14

added patch to allow for transparent atoms when using ‘impostors’ backend
& changed to have pre-processing of colors and radii


	
class ipymd.visualise.opengl.renderers.atom.AtomRenderer(widget, r_array, radii, colorlist, backend='impostors', shading='phong', transparent=True)[source]

	Bases: ipymd.visualise.opengl.renderers.base.AbstractRenderer

Render atoms by using different rendering methods.

Parameters


	widget:

	The parent QChemlabWidget

	r_array: np.ndarray((NATOMS, 3), dtype=float)

	The atomic coordinate array

	type_array: np.ndarray((NATOMS, 3), dtype=object)

	An array containing all the atomic symbols like Ar, H, O.
If the atomic type is unknown, use the Xx symbol.

	backend: “impostors” | “polygons” | “points”

	You can choose the rendering method between the sphere impostors,
polygonal sphere and points.




	
change_shading(shd)[source]

	




	
draw()[source]

	




	
hide(mask)[source]

	




	
update_colors(cols)[source]

	




	
update_positions(r_array)[source]

	Update the atomic positions






	
update_radii(radii)[source]

	










ipymd.visualise.opengl.renderers.base module


	
class ipymd.visualise.opengl.renderers.base.AbstractRenderer(widget, *args, **kwargs)[source]

	Bases: object [http://docs.python.org/2.7/library/functions.html#object]

AbstractRenderer is the standard interface for renderers. Each
renderer have to implement an initialization function __init__ and
a draw method to do the actual drawing using OpenGL or by using
other, more basic, renderers.

Usually the renderers have also some custom functions that they
use to update themselves.  For example a SphereRenderer implements
the function update_positions to move the spheres around without
having to regenerate all of the other properties.


See also

/graphics for a tutorial on how to develop a simple
renderer.



Parameters


	widget: chemlab.graphics.QChemlabWidget

	The parent QChemlabWidget. Renderers can use the widget
to access the camera, lights, and other informations.



args, kwargs: Any other argument that they may use.


	
draw()[source]

	Generic drawing function to be implemented by the
subclasses.










	
class ipymd.visualise.opengl.renderers.base.DefaultRenderer(widget)[source]

	Bases: ipymd.visualise.opengl.renderers.base.ShaderBaseRenderer

Same as
ShaderBaseRenderer with
the default shaders.

You can find the shaders in chemlab/graphics/renderers/shaders/
under the names of default_persp.vert and default_persp.frag.


	
draw_vertices()[source]

	Subclasses should reimplement this method.






	
setup_shader()[source]

	








	
class ipymd.visualise.opengl.renderers.base.ShaderBaseRenderer(widget, vertex, fragment)[source]

	Bases: ipymd.visualise.opengl.renderers.base.AbstractRenderer

Instruments OpenGL with a vertex and a fragment shader.

This renderer automatically binds light and camera
information. Subclasses should not reimplement the draw method
but the draw_vertices method where you can bind and draw the
objects.

Parameters


	widget:

	The parent QChemlabWidget

	vertex: str

	Vertex program as a string

	fragment: str

	Fragment program as a string




	
compile_shader()[source]

	




	
draw()[source]

	




	
draw_vertices()[source]

	Method to be reimplemented by the subclasses.






	
setup_shader()[source]

	










ipymd.visualise.opengl.renderers.box module

Created on Mon May 16 10:53:56 2016

@author: cjs14

added patch to allow for line width selection


	
class ipymd.visualise.opengl.renderers.box.BoxRenderer(widget, vectors, origin=<Mock object>, color=(0, 0, 0, 255), width=1.5)[source]

	Bases: ipymd.visualise.opengl.renderers.base.ShaderBaseRenderer

Used to render one wireframed box.

Parameters


	widget:

	The parent QChemlabWidget

	vectors: np.ndarray((3,3), dtype=float)

	The three vectors representing the sides of the box.

	origin: np.ndarray((3,3), dtype=float), default to zero

	The origin of the box.

	color: 4 int tuple

	r,g,b,a color in the range [0,255]

	width: float

	width of wireframe lines




	
draw_vertices()[source]

	




	
update(vectors)[source]

	Update the box vectors.












ipymd.visualise.opengl.renderers.hexagon module

Created on Mon May 16 12:41:12 2016

@author: cjs14


	
class ipymd.visualise.opengl.renderers.hexagon.HexagonRenderer(widget, vectors, origin=<Mock object>, color=(0, 0, 0, 255), width=1.5)[source]

	Bases: ipymd.visualise.opengl.renderers.base.ShaderBaseRenderer

Used to render one wireframed hexagonal prism.

Parameters


	widget:

	The parent QChemlabWidget

	vectors: np.ndarray((2,3), dtype=float)

	The two vectors representing the orthogonal a,c crystal vectors.

	origin: np.ndarray((3,), dtype=float), default to zero

	The origin of the box.

	color: 4 int tuple

	r,g,b,a color in the range [0,255]

	width: float

	width of wireframe lines




	
draw_vertices()[source]

	




	
update(vectors)[source]

	Update the box vectors.












ipymd.visualise.opengl.renderers.line module


	
class ipymd.visualise.opengl.renderers.line.LineRenderer(widget, startends, colors, width=1.5)[source]

	Bases: ipymd.visualise.opengl.renderers.base.ShaderBaseRenderer

Render a set of lines.

[image: _static/line_renderer.png]
Parameters


	widget:

	The parent QChemlabWidget

	startends: np.ndarray((NLINES, 2, 3), dtype=float)

	Start and end position of each line in the form of an array:

s1 = [0.0, 0.0, 0.0]
startends = [[s1, e1], [s2, e2], ..]







	colors: np.ndarray((NLINES, 2, 4), dtype=np.uint8)

	The corresponding color of each extrema of each line.




	
draw_vertices()[source]

	




	
update_colors(colors)[source]

	Update the colors






	
update_positions(vertices)[source]

	Update the line positions












ipymd.visualise.opengl.renderers.point module


	
class ipymd.visualise.opengl.renderers.point.PointRenderer(widget, positions, colors)[source]

	Bases: ipymd.visualise.opengl.renderers.base.ShaderBaseRenderer

Render colored points.

Parameters


	widget:

	The parent QChemlabWidget

	positons: np.ndarray((NPOINTS, 3), dtype=np.float32)

	Positions of the points to draw.

	colors: np.ndarray((NPOINTS, 4), dtype=np.uint8) or list of tuples

	Color of each point in the (r,g,b,a) format in the interval
[0, 255]




	
draw_vertices()[source]

	




	
update_colors(colors)[source]

	Update the colors






	
update_positions(vertices)[source]

	Update the point positions












ipymd.visualise.opengl.renderers.sphere module


	
class ipymd.visualise.opengl.renderers.sphere.Sphere(radius, center, parallels=20, meridians=15, color=[0.0, 0.0, 0.0, 0.0])[source]

	Bases: object [http://docs.python.org/2.7/library/functions.html#object]

Create a Sphere object specifying its radius its center point. You can modulate its smoothness using the
parallel and meridians settings.


	
rotate(axis, angle)[source]

	








	
class ipymd.visualise.opengl.renderers.sphere.SphereRenderer(widget, poslist, radiuslist, colorlist, shading='phong')[source]

	Bases: ipymd.visualise.opengl.renderers.base.AbstractRenderer

Renders a set of spheres.

The method used by this renderer is approximating a sphere by
using triangles. While this is reasonably fast, for best
performance and animation you should use
SphereImpostorRenderer

[image: _static/sphere_renderer.png]
Parameters


	widget:

	The parent QChemlabWidget

	poslist: np.ndarray((NSPHERES, 3), dytpe=float)

	A position array. While there aren’t dimensions, in the context
of chemlab 1 unit of space equals 1 nm.

	radiuslist: np.ndarray(NSPHERES, dtype=float)

	An array with the radius of each sphere.

	colorlist: np.ndarray(NSPHERES, 4) or list of tuples

	An array with the color of each sphere. Suitable colors are
those found in chemlab.graphics.colors or any
tuple with values (r, g, b, a) in the range [0, 255]




	
draw()[source]

	




	
update_colors(colorlist)[source]

	




	
update_positions(positions)[source]

	Update the sphere positions.












ipymd.visualise.opengl.renderers.sphere_imp module


	
class ipymd.visualise.opengl.renderers.sphere_imp.SphereImpostorRenderer(viewer, poslist, radiuslist, colorlist, transparent=False, shading='phong')[source]

	Bases: ipymd.visualise.opengl.renderers.base.ShaderBaseRenderer

The interface is identical to
SphereRenderer but uses a
different drawing method.

The spheres are squares that always face the user. Each point
of the sphere, along with the lighting, is calculated in the
fragment shader, resulting in a perfect sphere.

SphereImpostorRenderer is an extremely fast rendering method,
it is perfect for rendering a lot of spheres ( > 50000) and for
animations.

[image: _static/sphere_impostor_renderer.png]

	
change_shading(shd_typ)[source]

	




	
draw()[source]

	




	
hide(mask)[source]

	




	
setup_shader()[source]

	




	
update_colors(colorlist)[source]

	




	
update_positions(rarray)[source]

	




	
update_radii(radiuslist)[source]

	










ipymd.visualise.opengl.renderers.triangle module

Created on Mon May 16 09:55:43 2016

@author: cjs14

added patch to allow for transparent surface


	
class ipymd.visualise.opengl.renderers.triangle.TriangleRenderer(widget, vertices, normals, colors, shading='phong', transparent=False, wireframe=False)[source]

	Bases: ipymd.visualise.opengl.renderers.base.DefaultRenderer

Renders an array of triangles.

A lot of renderers are built on this, for example
SphereRenderer. The
implementation is relatively fast since it’s based on
VertexBuffers.

[image: _static/triangle_renderer.png]
Parameters


	widget:

	The parent QChemlabWidget

	vertices: np.ndarray((NTRIANGLES*3, 3), dtype=float)

	The triangle vertices, keeping in mind the unwinding order.
If the face of the triangle is pointing outwards, the vertices should
be provided in clokckwise order.

	normals: np.ndarray((NTRIANGLES*3, 3), dtype=float)

	The normals to each of the triangle vertices, used for
lighting calculations.

	colors: np.ndarray((NTRIANGLES*3, 4), dtype=np.uint8)

	Color for each of the vertices in (r,g,b,a) values
in the interval [0, 255]




	
draw_vertices()[source]

	




	
setup_shader()[source]

	




	
update_colors(colors)[source]

	Update the triangle colors.






	
update_normals(normals)[source]

	Update the triangle normals.






	
update_vertices(vertices)[source]

	Update the triangle vertices.












ipymd.visualise.opengl.renderers.triangles module

TriangleRenderer is the basics for other shapes, we pass just
triangle vertices and we got the result.


	
class ipymd.visualise.opengl.renderers.triangles.TriangleRenderer(widget, vertices, normals, colors, shading='phong')[source]

	Bases: ipymd.visualise.opengl.renderers.base.DefaultRenderer

Renders an array of triangles.

A lot of renderers are built on this, for example
SphereRenderer. The
implementation is relatively fast since it’s based on
VertexBuffers.

[image: _static/triangle_renderer.png]
Parameters


	widget:

	The parent QChemlabWidget

	vertices: np.ndarray((NTRIANGLES*3, 3), dtype=float)

	The triangle vertices, keeping in mind the unwinding order.
If the face of the triangle is pointing outwards, the vertices should
be provided in clokckwise order.

	normals: np.ndarray((NTRIANGLES*3, 3), dtype=float)

	The normals to each of the triangle vertices, used for
lighting calculations.

	colors: np.ndarray((NTRIANGLES*3, 4), dtype=np.uint8)

	Color for each of the vertices in (r,g,b,a) values
in the interval [0, 255]




	
draw_vertices()[source]

	




	
setup_shader()[source]

	




	
update_colors(colors)[source]

	Update the triangle colors.






	
update_normals(normals)[source]

	Update the triangle normals.






	
update_vertices(vertices)[source]

	Update the triangle vertices.
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# Copyright (C) 2010, Jesper Friis
# (see accompanying license files for details).

"""Definition of the Spacegroup class.

This module only depends on NumPy and the space group database.
"""

import os
import warnings

import numpy as np

__all__ = ['Spacegroup']


class SpacegroupError(Exception):
    """Base exception for the spacegroup module."""
    pass

class SpacegroupNotFoundError(SpacegroupError):
    """Raised when given space group cannot be found in data base."""
    pass

class SpacegroupValueError(SpacegroupError):
    """Raised when arguments have invalid value."""
    pass


[docs]class Spacegroup(object):
    """A space group class. 
    
    The instances of Spacegroup describes the symmetry operations for
    the given space group. 

    Example:
    
    >>> from ase.lattice.spacegroup import Spacegroup
    >>> 
    >>> sg = Spacegroup(225)
    >>> print 'Space group', sg.no, sg.symbol
    Space group 225 F m -3 m
    >>> sg.scaled_primitive_cell
    array([[ 0. ,  0.5,  0.5],
           [ 0.5,  0. ,  0.5],
           [ 0.5,  0.5,  0. ]])
    >>> sites, kinds = sg.equivalent_sites([[0,0,0]])
    >>> sites
    array([[ 0. ,  0. ,  0. ],
           [ 0. ,  0.5,  0.5],
           [ 0.5,  0. ,  0.5],
           [ 0.5,  0.5,  0. ]])
    """
    no = property(
        lambda self: self._no,
        doc='Space group number in International Tables of Crystallography.')
    symbol = property(
        lambda self: self._symbol, 
        doc='Hermann-Mauguin (or international) symbol for the space group.')
    setting = property(
        lambda self: self._setting, 
        doc='Space group setting. Either one or two.')
    lattice = property(
        lambda self: self._symbol[0], 
        doc="""Lattice type: 
            P      primitive
            I      body centering, h+k+l=2n
            F      face centering, h,k,l all odd or even
            A,B,C  single face centering, k+l=2n, h+l=2n, h+k=2n
            R      rhombohedral centering, -h+k+l=3n (obverse); h-k+l=3n (reverse)
            """)
    centrosymmetric = property(
        lambda self: self._centrosymmetric, 
        doc='Whether a center of symmetry exists.')
    scaled_primitive_cell = property(
        lambda self: self._scaled_primitive_cell, 
        doc='Primitive cell in scaled coordinates as a matrix with the '
        'primitive vectors along the rows.')
    reciprocal_cell = property(
        lambda self: self._reciprocal_cell, 
        doc='Tree Miller indices that span all kinematically non-forbidden '
        'reflections as a matrix with the Miller indices along the rows.')
    nsubtrans = property(
        lambda self: len(self._subtrans), 
        doc='Number of cell-subtranslation vectors.')
    def _get_nsymop(self):
        """Returns total number of symmetry operations."""
        if self.centrosymmetric:
            return 2 * len(self._rotations) * len(self._subtrans)
        else:
            return len(self._rotations) * len(self._subtrans)
    nsymop = property(_get_nsymop, doc='Total number of symmetry operations.')
    subtrans = property(
        lambda self: self._subtrans, 
        doc='Translations vectors belonging to cell-sub-translations.')
    rotations = property(
        lambda self: self._rotations, 
        doc='Symmetry rotation matrices. The invertions are not included '
        'for centrosymmetrical crystals.')
    translations = property(
        lambda self: self._translations, 
        doc='Symmetry translations. The invertions are not included '
        'for centrosymmetrical crystals.')

    def __init__(self, spacegroup, setting=1, datafile=None):
        """Returns a new Spacegroup instance. 

        Parameters:

        spacegroup : int | string | Spacegroup instance
            The space group number in International Tables of
            Crystallography or its Hermann-Mauguin symbol. E.g. 
            spacegroup=225 and spacegroup='F m -3 m' are equivalent.
        setting : 1 | 2
            Some space groups have more than one setting. `setting`
            determines Which of these should be used.
        datafile : None | string
            Path to database file. If `None`, the the default database 
            will be used.
        """
        if isinstance(spacegroup, Spacegroup):
            for k, v in spacegroup.__dict__.iteritems():
                setattr(self, k, v)
            return 
        if not datafile:
            datafile = get_datafile()
        f = open(datafile, 'r')
        try:
            _read_datafile(self, spacegroup, setting, f)
        finally:
            f.close()

    def __repr__(self):
        return 'Spacegroup(%d, setting=%d)' % (self.no, self.setting)
    
[docs]    def __str__(self):
        """Return a string representation of the space group data in
        the same format as found the database."""
        retval = []
        # no, symbol
        retval.append('%-3d   %s\n' % (self.no, self.symbol))
        # setting
        retval.append('  setting %d\n' % (self.setting))
        # centrosymmetric
        retval.append('  centrosymmetric %d\n' % (self.centrosymmetric))
        # primitive vectors
        retval.append('  primitive vectors\n')
        for i in range(3):
            retval.append('   ')
            for j in range(3):
                retval.append(' %13.10f' % (self.scaled_primitive_cell[i, j]))
            retval.append('\n')
        # primitive reciprocal vectors
        retval.append('  reciprocal vectors\n')
        for i in range(3):
            retval.append('   ')
            for j in range(3):
                retval.append(' %3d' % (self.reciprocal_cell[i, j]))
            retval.append('\n')
        # sublattice
        retval.append('  %d subtranslations\n' % self.nsubtrans)
        for i in range(self.nsubtrans):
            retval.append('   ')
            for j in range(3):
                retval.append(' %13.10f' % (self.subtrans[i, j]))
            retval.append('\n')
        # symmetry operations
        nrot = len(self.rotations)
        retval.append('  %d symmetry operations (rot+trans)\n' % nrot)
        for i in range(nrot):
            retval.append(' ')
            for j in range(3):
                retval.append(' ')
                for k in range(3):
                    retval.append(' %2d' % (self.rotations[i, j, k]))
                retval.append('  ')
            for j in range(3):
                retval.append(' %13.10f' % self.translations[i, j])
            retval.append('\n')
        retval.append('\n')
        return ''.join(retval)


[docs]    def __eq__(self, other):
        """Chech whether *self* and *other* refer to the same
        spacegroup number and setting."""
        if not isinstance(other, Spacegroup):
            other = Spacegroup(other)
        return self.no == other.no and self.setting == other.setting


    def __index__(self):
        return self.no

[docs]    def get_symop(self):
        """Returns all symmetry operations (including inversions and
        subtranslations) as a sequence of (rotation, translation)
        tuples."""
        symop = []
        parities = [1]
        if self.centrosymmetric:
            parities.append(-1)
        for parity in parities:
            for subtrans in self.subtrans:
                for rot, trans in zip(self.rotations, self.translations):
                    newtrans = np.mod(trans + subtrans, 1)
                    symop.append((parity*rot, newtrans))
        return symop


[docs]    def get_op(self):
        """Returns all symmetry operations (including inversions and
        subtranslations), but unlike get_symop(), they are returned as
        two ndarrays."""
        if self.centrosymmetric:
            rot = np.tile(np.vstack((self.rotations, -self.rotations)), 
                          (self.nsubtrans, 1, 1))
            trans = np.repeat(self.subtrans, 2*len(self.rotations), axis=0)
        else:
            rot = np.tile(self.rotations, (self.nsubtrans, 1, 1))
            trans = np.repeat(self.subtrans, len(self.rotations), axis=0)
        return rot, trans


[docs]    def get_rotations(self):
        """Return all rotations, including inversions for
        centrosymmetric crystals."""
        if self.centrosymmetric:
            return np.vstack((self.rotations, -self.rotations))
        else:
            return self.rotations


[docs]    def equivalent_reflections(self, hkl):
        """Return all equivalent reflections to the list of Miller indices
        in hkl.

        Example:

        >>> from ase.lattice.spacegroup import Spacegroup
        >>> sg = Spacegroup(225)  # fcc
        >>> sg.equivalent_reflections([[0, 0, 2]])
        array([[ 0,  0, -2],
               [ 0, -2,  0],
               [-2,  0,  0],
               [ 2,  0,  0],
               [ 0,  2,  0],
               [ 0,  0,  2]])
        """
        hkl = np.array(hkl, dtype='int', ndmin=2)
        rot = self.get_rotations()
        n, nrot = len(hkl), len(rot)
        R = rot.transpose(0, 2, 1).reshape((3*nrot, 3)).T
        refl = np.dot(hkl, R).reshape((n*nrot, 3))
        ind = np.lexsort(refl.T)
        refl = refl[ind]
        diff = np.diff(refl, axis=0)
        mask = np.any(diff, axis=1)
        return np.vstack((refl[mask], refl[-1,:]))


[docs]    def symmetry_normalised_reflections(self, hkl):
        """Returns an array of same size as *hkl*, containing the
        corresponding symmetry-equivalent reflections of lowest
        indices.

        Example:

        >>> from ase.lattice.spacegroup import Spacegroup
        >>> sg = Spacegroup(225)  # fcc
        >>> sg.symmetry_normalised_reflections([[2, 0, 0], [0, 2, 0]])
        array([[ 0,  0, -2],
               [ 0,  0, -2]])
        """
        hkl = np.array(hkl, dtype=int, ndmin=2)
        normalised = np.empty(hkl.shape, int)
        R = self.get_rotations().transpose(0, 2, 1)
        for i, g in enumerate(hkl):
            gsym = np.dot(R, g)
            j = np.lexsort(gsym.T)[0]
            normalised[i,:] = gsym[j]
        return normalised


[docs]    def unique_reflections(self, hkl):
        """Returns a subset *hkl* containing only the symmetry-unique
        reflections.

        Example:

        >>> from ase.lattice.spacegroup import Spacegroup
        >>> sg = Spacegroup(225)  # fcc
        >>> sg.unique_reflections([[ 2,  0,  0], 
        ...                        [ 0, -2,  0], 
        ...                        [ 2,  2,  0], 
        ...                        [ 0, -2, -2]])
        array([[2, 0, 0],
               [2, 2, 0]])
        """
        hkl = np.array(hkl, dtype=int, ndmin=2)
        hklnorm = self.symmetry_normalised_reflections(hkl)
        perm = np.lexsort(hklnorm.T)
        iperm = perm.argsort()
        xmask = np.abs(np.diff(hklnorm[perm], axis=0)).any(axis=1)
        mask = np.concatenate(([True], xmask))
        imask = mask[iperm]
        return hkl[imask]

            
[docs]    def equivalent_sites(self, scaled_positions, ondublicates='error', 
                         symprec=1e-3):
        """Returns the scaled positions and all their equivalent sites.

        Parameters:

        scaled_positions: list | array
            List of non-equivalent sites given in unit cell coordinates.
        ondublicates : 'keep' | 'replace' | 'warn' | 'error'
            Action if `scaled_positions` contain symmetry-equivalent
            positions:
            
            'keep'
               ignore additional symmetry-equivalent positions
            'replace'
                replace
            'warn'
                like 'keep', but issue an UserWarning
            'error'
                raises a SpacegroupValueError
                    
        symprec: float
            Minimum "distance" betweed two sites in scaled coordinates
            before they are counted as the same site.

        Returns:

        sites: array
            A NumPy array of equivalent sites.
        kinds: list
            A list of integer indices specifying which input site is 
            equivalent to the corresponding returned site.

        Example:

        >>> from ase.lattice.spacegroup import Spacegroup
        >>> sg = Spacegroup(225)  # fcc
        >>> sites, kinds = sg.equivalent_sites([[0, 0, 0], [0.5, 0.0, 0.0]])
        >>> sites
        array([[ 0. ,  0. ,  0. ],
               [ 0. ,  0.5,  0.5],
               [ 0.5,  0. ,  0.5],
               [ 0.5,  0.5,  0. ],
               [ 0.5,  0. ,  0. ],
               [ 0. ,  0.5,  0. ],
               [ 0. ,  0. ,  0.5],
               [ 0.5,  0.5,  0.5]])
        >>> kinds
        [0, 0, 0, 0, 1, 1, 1, 1]
        """
        kinds = []
        sites = []
        symprec2 = symprec**2
        scaled = np.array(scaled_positions, ndmin=2)
        for kind, pos in enumerate(scaled):
            for rot, trans in self.get_symop():
                site = np.mod(np.dot(rot, pos) + trans, 1.)
                if not sites:
                    sites.append(site)
                    kinds.append(kind)
                    continue
                t = site - sites
                mask = np.sum(t*t, 1) < symprec2
                if np.any(mask):
                    ind = np.argwhere(mask)[0][0]
                    if kinds[ind] == kind:
                        pass
                    elif ondublicates == 'keep':
                        pass
                    elif ondublicates == 'replace':
                        kinds[ind] = kind
                    elif ondublicates == 'warn':
                        warnings.warn('scaled_positions %d and %d '
                                      'are equivalent'%(kinds[ind], kind))
                    elif ondublicates == 'error':
                        raise SpacegroupValueError(
                            'scaled_positions %d and %d are equivalent'%(
                                kinds[ind], kind))
                    else:
                        raise SpacegroupValueError(
                            'Argument "ondublicates" must be one of: '
                            '"keep", "replace", "warn" or "error".')
                else:
                    sites.append(site)
                    kinds.append(kind)
        return np.array(sites), kinds


[docs]    def symmetry_normalised_sites(self, scaled_positions):
        """Returns an array of same size as *scaled_positions*,
        containing the corresponding symmetry-equivalent sites within
        the unit cell of lowest indices.

        Example:

        >>> from ase.lattice.spacegroup import Spacegroup
        >>> sg = Spacegroup(225)  # fcc
        >>> sg.symmetry_normalised_sites([[0.0, 0.5, 0.5], [1.0, 1.0, 0.0]])
        array([[ 0.,  0.,  0.],
               [ 0.,  0.,  0.]])
        """
        scaled = np.array(scaled_positions, ndmin=2)
        normalised = np.empty(scaled.shape, np.float)
        rot, trans = self.get_op()
        for i, pos in enumerate(scaled):
            sympos = np.dot(rot, pos) + trans
            # Must be done twice, see the scaled_positions.py test
            sympos %= 1.0
            sympos %= 1.0
            j = np.lexsort(sympos.T)[0]
            normalised[i,:] = sympos[j]
        return normalised


[docs]    def unique_sites(self, scaled_positions, symprec=1e-3, output_mask=False):
        """Returns a subset of *scaled_positions* containing only the
        symmetry-unique positions.  If *output_mask* is True, a boolean
        array masking the subset is also returned.

        Example:

        >>> from ase.lattice.spacegroup import Spacegroup
        >>> sg = Spacegroup(225)  # fcc
        >>> sg.unique_sites([[0.0, 0.0, 0.0], 
        ...                  [0.5, 0.5, 0.0], 
        ...                  [1.0, 0.0, 0.0], 
        ...                  [0.5, 0.0, 0.0]])
        array([[ 0. ,  0. ,  0. ],
               [ 0.5,  0. ,  0. ]])
        """
        scaled = np.array(scaled_positions, ndmin=2)
        symnorm = self.symmetry_normalised_sites(scaled)
        perm = np.lexsort(symnorm.T)
        iperm = perm.argsort()
        xmask = np.abs(np.diff(symnorm[perm], axis=0)).max(axis=1) > symprec
        mask = np.concatenate(([True], xmask))
        imask = mask[iperm]
        if output_mask:
            return scaled[imask], imask
        else:
            return scaled[imask]


[docs]    def tag_sites(self, scaled_positions, symprec=1e-3):
        """Returns an integer array of the same length as *scaled_positions*, 
        tagging all equivalent atoms with the same index.

        Example:

        >>> from ase.lattice.spacegroup import Spacegroup
        >>> sg = Spacegroup(225)  # fcc
        >>> sg.tag_sites([[0.0, 0.0, 0.0], 
        ...               [0.5, 0.5, 0.0], 
        ...               [1.0, 0.0, 0.0], 
        ...               [0.5, 0.0, 0.0]])
        array([0, 0, 0, 1])
        """
        scaled = np.array(scaled_positions, ndmin=2)
        scaled %= 1.0
        scaled %= 1.0
        tags = -np.ones((len(scaled), ), dtype=int)
        mask = np.ones((len(scaled), ), dtype=np.bool)
        rot, trans = self.get_op()
        i = 0
        while mask.any():
            pos = scaled[mask][0]
            sympos = np.dot(rot, pos) + trans
            # Must be done twice, see the scaled_positions.py test
            sympos %= 1.0
            sympos %= 1.0
            m = ~np.all(np.any(np.abs(scaled[np.newaxis,:,:] - 
                                      sympos[:,np.newaxis,:]) > symprec, 
                               axis=2), axis=0)
            assert not np.any((~mask) & m)
            tags[m] = i
            mask &= ~m
            i += 1
        return tags


    

def get_datafile():
    """Return default path to datafile."""
    return os.path.join(os.path.dirname(__file__), 'spacegroup.dat')


def format_symbol(symbol):
    """Returns well formatted Hermann-Mauguin symbol as extected by
    the database, by correcting the case and adding missing or
    removing dublicated spaces."""
    fixed = []
    s = symbol.strip()
    s = s[0].upper() + s[1:].lower()
    for c in s:
        if c.isalpha():
            fixed.append(' ' + c + ' ')
        elif c.isspace():
            fixed.append(' ')
        elif c.isdigit():
            fixed.append(c)
        elif c == '-':
            fixed.append(' ' + c)
        elif c == '/':
            fixed.append(' ' + c)
    s = ''.join(fixed).strip()
    return ' '.join(s.split())


#-----------------------------------------------------------------
# Functions for parsing the database. They are moved outside the
# Spacegroup class in order to make it easier to later implement
# caching to avoid reading the database each time a new Spacegroup
# instance is created.
#-----------------------------------------------------------------

def _skip_to_blank(f, spacegroup, setting):
    """Read lines from f until a blank line is encountered."""
    while True:
        line = f.readline()
        if not line:
            raise SpacegroupNotFoundError(
                'invalid spacegroup %s, setting %i not found in data base' % 
                ( spacegroup, setting ) )
        if not line.strip():
            break


def _skip_to_nonblank(f, spacegroup, setting):
    """Read lines from f until a nonblank line not starting with a
    hash (#) is encountered and returns this and the next line."""
    while True:
        line1 = f.readline()
        if not line1:
            raise SpacegroupNotFoundError(
                'invalid spacegroup %s, setting %i not found in data base' %
                ( spacegroup, setting ) )
        line1.strip()
        if line1 and not line1.startswith('#'):
            line2 = f.readline()
            break
    return line1, line2


def _read_datafile_entry(spg, no, symbol, setting, f):
    """Read space group data from f to spg."""
    spg._no = no
    spg._symbol = symbol.strip()
    spg._setting = setting
    spg._centrosymmetric = bool(int(f.readline().split()[1]))
    # primitive vectors
    f.readline()
    spg._scaled_primitive_cell = np.array([
        list(map(float, f.readline().split())) 
        for i in range(3)],
        dtype='float')
    
    # primitive reciprocal vectors
    f.readline()
    spg._reciprocal_cell = np.array([list(map(int, f.readline().split())) 
                                        for i in range(3)],
                                       dtype=np.int)
    # subtranslations
    spg._nsubtrans = int(f.readline().split()[0])
    spg._subtrans = np.array([list(map(float, f.readline().split())) 
                              for i in range(spg._nsubtrans)],
                             dtype=np.float)
    # symmetry operations
    nsym = int(f.readline().split()[0])
    symop = np.array([list(map(float, f.readline().split())) for i in range(nsym)],
                     dtype=np.float)
    spg._nsymop = nsym
    spg._rotations = np.array(symop[:,:9].reshape((nsym,3,3)), dtype=np.int)
    spg._translations = symop[:,9:]


def _read_datafile(spg, spacegroup, setting, f):
    if isinstance(spacegroup, int):
        pass
    elif isinstance(spacegroup, str):
        #spacegroup = ' '.join(spacegroup.strip().split())
        spacegroup = format_symbol(spacegroup)
    else:
        raise SpacegroupValueError('`spacegroup` must be of type int or str')
    while True:
        line1, line2 = _skip_to_nonblank(f, spacegroup, setting)
        _no,_symbol = line1.strip().split(None, 1)
        _symbol = format_symbol(_symbol)
        _setting = int(line2.strip().split()[1])
        _no = int(_no)
        if ((isinstance(spacegroup, int) and _no == spacegroup) or
            (isinstance(spacegroup, str) and 
             _symbol == spacegroup)) and _setting == setting:
            _read_datafile_entry(spg, _no, _symbol, _setting, f)
            break
        else:
            _skip_to_blank(f, spacegroup, setting)
                

def parse_sitesym(symlist, sep=','):
    """Parses a sequence of site symmetries in the form used by
    International Tables and returns corresponding rotation and
    translation arrays.

    Example:

    >>> symlist = [
    ...     'x,y,z',
    ...     '-y+1/2,x+1/2,z',
    ...     '-y,-x,-z',
    ... ]
    >>> rot, trans = parse_sitesym(symlist)
    >>> rot
    array([[[ 1,  0,  0],
            [ 0,  1,  0],
            [ 0,  0,  1]],
    <BLANKLINE>
           [[ 0, -1,  0],
            [ 1,  0,  0],
            [ 0,  0,  1]],
    <BLANKLINE>
           [[ 0, -1,  0],
            [-1,  0,  0],
            [ 0,  0, -1]]])
    >>> trans
    array([[ 0. ,  0. ,  0. ],
           [ 0.5,  0.5,  0. ],
           [ 0. ,  0. ,  0. ]])
    """
    nsym = len(symlist)
    rot = np.zeros((nsym, 3, 3), dtype='int')
    trans = np.zeros((nsym, 3))
    for i, sym in enumerate(symlist):
        for j, s in enumerate (sym.split(sep)):
            s = s.lower().strip()
            while s:
                sign = 1
                if s[0] in '+-':
                    if s[0] == '-':
                        sign = -1
                    s = s[1:]
                if s[0] in 'xyz':
                    k = ord(s[0]) - ord('x')
                    rot[i, j, k] = sign
                    s = s[1:]
                elif s[0].isdigit() or s[0] == '.':
                    n = 0
                    while n < len(s) and (s[n].isdigit() or s[n] in '/.'):
                        n += 1
                    t = s[:n]
                    s = s[n:]
                    if '/' in t:
                        q, r = t.split('/')
                        trans[i,j] = float(q)/float(r)
                    else:
                        trans[i,j] = float(t)
                else:
                    raise SpacegroupValueError(
                        'Error parsing %r. Invalid site symmetry: %s' % 
                        (s, sym))
    return rot, trans
                

def spacegroup_from_data(no=None, symbol=None, setting=1, 
                         centrosymmetric=None, scaled_primitive_cell=None, 
                         reciprocal_cell=None, subtrans=None, sitesym=None, 
                         rotations=None, translations=None, datafile=None):
    """Manually create a new space group instance.  This might be
    usefull when reading crystal data with its own spacegroup
    definitions."""
    if no is not None:
        spg = Spacegroup(no, setting, datafile)
    elif symbol is not None:
        spg = Spacegroup(symbol, setting, datafile)
    else:
        raise SpacegroupValueError('either *no* or *symbol* must be given')

    have_sym = False
    if centrosymmetric is not None:
        spg._centrosymmetric = bool(centrosymmetric)
    if scaled_primitive_cell is not None:
        spg._scaled_primitive_cell = np.array(scaled_primitive_cell)
    if reciprocal_cell is not None:
        spg._reciprocal_cell = np.array(reciprocal_cell)
    if subtrans is not None:
        spg._subtrans = np.atleast_2d(subtrans)
        spg._nsubtrans = spg._subtrans.shape[0]
    if sitesym is not None:
        spg._rotations, spg._translations = parse_sitesym(sitesym)
        have_sym = True
    if rotations is not None:
        spg._rotations = np.atleast_3d(rotations)
        have_sym = True
    if translations is not None:
        spg._translations = np.atleast_2d(translations)
        have_sym = True
    if have_sym:
        if spg._rotations.shape[0] != spg._translations.shape[0]:
            raise SpacegroupValueError('inconsistent number of rotations and '
                                       'translations')
        spg._nsymop = spg._rotations.shape[0]
    return spg


 

#-----------------------------------------------------------------
# Self test
if __name__ == '__main__':

    # Import spacegroup in order to ensure that __file__ is defined
    # such that the data base can be found.
    import spacegroup

    import doctest
    print('doctest: ', doctest.testmod())
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  Source code for ipymd.shared.colors

# -*- coding: utf-8 -*-
"""
Created on Wed Jun 29 01:56:51 2016

@author: cjs14
"""

col_dict = {
'blues': ['light_steel_blue', 'powder_blue', 'light_blue', 'sky_blue', 
    'light_sky_blue', 'deep_sky_blue', 'dodger_blue', 'cornflower_blue', 'steel_blue', 
    'royal_blue', 'blue', 'medium_blue', 'dark_blue', 'navy', 'midnight_blue'], 
'oranges': ['orange_red', 'tomato', 'coral', 'dark_orange', 'orange', 'gold'], 
'browns': ['cornsilk', 'blanched_almond', 'bisque', 'navajo_white', 'wheat', 
    'burly_wood', 'tan', 'rosy_brown', 'sandy_brown', 'goldenrod', 'dark_goldenrod', 
    'peru', 'chocolate', 'saddle_brown', 'sienna', 'brown', 'maroon'], 
'greens': ['dark_olive_green', 'olive', 
    'olive_drab', 'yellow_green', 'lime_green', 'lime', 'lawn_green', 'chartreuse', 
    'green_yellow', 'spring_green', 'medium_spring_green', 'light_green', 'pale_green', 
    'dark_sea_green', 'medium_sea_green', 'sea_green', 'forest_green', 'green', 
    'dark_green'], 
'purples': ['lavender', 'thistle', 'plum', 'violet', 'orchid', 'fuchsia', 'magenta', 
    'medium_orchid', 'medium_purple', 'blue_violet', 'dark_violet', 'dark_orchid', 
    'dark_magenta', 'purple', 'indigo', 'dark_slate_blue', 'slate_blue', 
    'medium_slate_blue'], 
'yellows': ['yellow', 'light_yellow', 'lemon_chiffon', 
    'light_goldenrod_yellow', 'papaya_whip', 'moccasin', 'peach_puff', 'pale_goldenrod', 
    'khaki', 'dark_khaki'], 
'pinks': ['pink', 'light_pink', 'hot_pink', 'deep_pink', 
    'pale_violet_red', 'medium_violet_red'], 
'cyans': ['medium_aquamarine', 'aqua', 'cyan', 'light_cyan', 'pale_turquoise', 
    'aquamarine', 'turquoise', 'medium_turquoise', 'dark_turquoise', 'light_sea_green', 
    'cadet_blue', 'dark_cyan', 'teal'], 
'reds': ['light_salmon', 'salmon', 'dark_salmon', 
         'light_coral', 'indian_red', 'crimson', 'fire_brick', 'dark_red', 'red']}

[docs]def available_colors():
    return col_dict.copy()


import numpy as np
# X11 colors!!

# Pink colors
pink = (255, 192, 203, 255)
light_pink = (255, 182, 193, 255)
hot_pink = (255, 105, 180, 255)
deep_pink = (255,  20, 147, 255)
pale_violet_red = (219, 112, 147, 255)
medium_violet_red = (199,  21, 133, 255)

# Red colors
light_salmon = (255, 160, 122, 255)
salmon = (250, 128, 114, 255)
dark_salmon = (233, 150, 122, 255)
light_coral = (240, 128, 128, 255)
indian_red = (205,  92,  92, 255)
crimson = (220,  20,  60, 255)
fire_brick = (178,  34,  34, 255)
dark_red = (139,   0,   0, 255)
red = (255,   0,   0, 255)
# Orange colors

orange_red = (255,  69,   0, 255)
tomato = (255,  99,  71, 255)
coral = (255, 127,  80, 255)
dark_orange = (255, 140,   0, 255)
orange = (255, 165,   0, 255)
gold = (255, 215,   0, 255)
# Yellow colors

yellow = (255, 255,   0, 255)
light_yellow = (255, 255, 224, 255)
lemon_chiffon = (255, 250, 205, 255)
light_goldenrod_yellow = (250, 250, 210, 255)
papaya_whip = (255, 239, 213, 255)
moccasin = (255, 228, 181, 255)
peach_puff = (255, 218, 185, 255)
pale_goldenrod = (238, 232, 170, 255)
khaki = (240, 230, 140, 255)
dark_khaki = (189, 183, 107, 255)

# Brown colors

cornsilk = (255, 248, 220, 255)
blanched_almond = (255, 235, 205, 255)
bisque = (255, 228, 196, 255)
navajo_white = (255, 222, 173, 255)
wheat = (245, 222, 179, 255)
burly_wood = (222, 184, 135, 255)
tan = (210, 180, 140, 255)
rosy_brown = (188, 143, 143, 255)
sandy_brown = (244, 164,  96, 255)
goldenrod = (218, 165,  32, 255)
dark_goldenrod = (184, 134,  11, 255)
peru = (205, 133,  63, 255)
chocolate = (210, 105,  30, 255)
saddle_brown = (139,  69,  19, 255)
sienna = (160,  82,  45, 255)
brown = (165,  42,  42, 255)
maroon = (128,   0,   0, 255)

# Green colors
dark_olive_green = (85, 107,  47, 255)
olive = (128, 128,   0, 255)
olive_drab = (107, 142,  35, 255)
yellow_green = (154, 205,  50, 255)
lime_green = (50, 205,  50, 255)
lime = (0, 255,   0, 255)
lawn_green = (124, 252,   0, 255)
chartreuse = (127, 255,   0, 255)
green_yellow = (173, 255,  47, 255)
spring_green = (0, 255, 127, 255)
medium_spring_green = (  0, 250, 154, 255)
light_green = (144, 238, 144, 255)
pale_green = (152, 251, 152, 255)
dark_sea_green = (143, 188, 143, 255)
medium_sea_green = ( 60, 179, 113, 255)
sea_green = ( 46, 139,  87, 255)
forest_green = ( 34, 139,  34, 255)
green = (  0, 128,   0, 255)
dark_green = (  0, 100,   0, 255)
# Cyan colors
medium_aquamarine = (102, 205, 170, 255)
aqua = (  0, 255, 255, 255)
cyan = (  0, 255, 255, 255)
light_cyan = (224, 255, 255, 255)
pale_turquoise = (175, 238, 238, 255)
aquamarine = (127, 255, 212, 255)
turquoise = ( 64, 224, 208, 255)
medium_turquoise = ( 72, 209, 204, 255)
dark_turquoise = (  0, 206, 209, 255)
light_sea_green = ( 32, 178, 170, 255)
cadet_blue = ( 95, 158, 160, 255)
dark_cyan = (  0, 139, 139, 255)
teal = (  0, 128, 128, 255)


# Blue colors
light_steel_blue = (176, 196, 222, 255)
powder_blue = (176, 224, 230, 255)
light_blue = (173, 216, 230, 255)
sky_blue = (135, 206, 235, 255)
light_sky_blue = (135, 206, 250, 255)
deep_sky_blue = (  0, 191, 255, 255)
dodger_blue = ( 30, 144, 255, 255)
cornflower_blue = (100, 149, 237, 255)
steel_blue = ( 70, 130, 180, 255)
royal_blue = ( 65, 105, 225, 255)
blue = (  0,   0, 255, 255)
medium_blue = (  0,   0, 205, 255)
dark_blue = (  0,   0, 139, 255)
navy = (  0,   0, 128, 255)
midnight_blue = ( 25,  25, 112, 255)

# Purple colors
lavender = (230, 230, 250, 255)
thistle = (216, 191, 216, 255)
plum = (221, 160, 221, 255)
violet = (238, 130, 238, 255)
orchid = (218, 112, 214, 255)
fuchsia = (255,   0, 255, 255)
magenta = (255,   0, 255, 255)
medium_orchid = (186,  85, 211, 255)
medium_purple = (147, 112, 219, 255)
blue_violet = (138,  43, 226, 255)
dark_violet = (148,   0, 211, 255)
dark_orchid = (153,  50, 204, 255)
dark_magenta = (139,   0, 139, 255)
purple = (128,   0, 128, 255)
indigo = ( 75,   0, 130, 255)
dark_slate_blue = ( 72,  61, 139, 255)
slate_blue = (106,  90, 205, 255)
medium_slate_blue = (123, 104, 238, 255)

# White/Gray/Black colors

white = (255, 255, 255, 255)
snow = (255, 250, 250, 255)
honeydew = (240, 255, 240, 255)
mint_cream = (245, 255, 250, 255)
azure = (240, 255, 255, 255)
alice_blue = (240, 248, 255, 255)
ghost_white = (248, 248, 255, 255)
white_smoke = (245, 245, 245, 255)
seashell = (255, 245, 238, 255)
beige = (245, 245, 220, 255)
old_lace = (253, 245, 230, 255)
floral_white = (255, 250, 240, 255)
ivory = (255, 255, 240, 255)
antique_white = (250, 235, 215, 255)
linen = (250, 240, 230, 255)
lavender_blush = (255, 240, 245, 255)
misty_rose = (255, 228, 225, 255)
gainsboro = (220, 220, 220, 255)
light_gray = (211, 211, 211, 255)
silver = (192, 192, 192, 255)
dark_gray = (169, 169, 169, 255)
gray = (128, 128, 128, 255)
dim_gray = (105, 105, 105, 255)
light_slate_gray = (119, 136, 153, 255)
slate_gray = (112, 128, 144, 255)
dark_slate_gray = ( 47,  79,  79, 255)
black = (  0,   0,   0, 255)


[docs]def any_to_rgb(color):
    '''If color is an rgb tuple return it, if it is a string, parse it
    and return the respective rgb tuple.

    '''
    if isinstance(color, tuple):
        if len(color) == 3:
            color = color + (255,)
        return color
        
    if isinstance(color, str):
        return parse_color(color)
        
    raise ValueError("Color not recognized: {}".format(color))


[docs]def html_to_rgb(colorstring):
    """ convert #RRGGBB to an (R, G, B) tuple """
    colorstring = colorstring.strip()
    if colorstring[0] == '#':
        colorstring = colorstring[1:]

    if len(colorstring) != 6:
        raise ValueError("input #%s is not in #RRGGBB format" % colorstring)

    r, g, b = colorstring[:2], colorstring[2:4], colorstring[4:]
    r, g, b = [int(n, 16) for n in (r, g, b)]

    return (r, g, b, 255)



[docs]def parse_color(color):
    '''Return the RGB 0-255 representation of the current string
    passed.

    It first tries to match the string with DVI color names.

    '''
    
    # Let's parse the color string
    if isinstance(color, str):
        # Try dvi names
        try:
            col = get(color)
        except ValueError:
            # String is not present
            pass

        # Try html names
        try:
            col = html_to_rgb(color)
        except ValueError:
            raise ValueError("Can't parse color string: {}'".format(color))
        
    return col



# Functions
[docs]def get(name):
    """Given a string *color*, return the color as a tuple (r, g, b,
    a) where each value is between 0 and 255.

    As for the color name follow the `HTML color names
    <http://www.w3schools.com/tags/ref_colornames.asp>` in lowescore
    style eg. *forest_green*.

    """

    try:
        color = globals().get(name)
    except:
        raise ValueError('Color %s not found' % name)
        
    return color


[docs]def mix(a, b, ratio=0.5):
    ca = get(a)
    cb = get(b)
    
    r_a, g_a, b_a = ca[0:3]
    r_b, g_b, b_b = cb[0:3]
    
    return tuple([int(comp1 * ratio +  comp2 * (1-ratio))
                  for comp1, comp2 in zip(ca[:3], cb[:3])] + [255])


[docs]def rgb_to_hsl_hsv(a, isHSV=True):
    """
    Converts RGB image data to HSV or HSL.
    :param a: 3D array. Retval of numpy.asarray(Image.open(...), int)
    :param isHSV: True = HSV, False = HSL
    :return: H,S,L or H,S,V array
    """
    R, G, B = a.T

    m = np.min(a, 1).T
    M = np.max(a, 1).T

    C = M - m #chroma
    Cmsk = C != 0

    # Hue
    H = np.zeros(R.shape, int)
    mask = (M == R) & Cmsk
    H[mask] = np.mod(60 * (G[mask] - B[mask]) / C[mask], 360)
    mask = (M == G) & Cmsk
    H[mask] = (60 * (B[mask] - R[mask]) / C[mask] + 120)
    mask = (M == B) & Cmsk
    H[mask] = (60 * (R[mask] - G[mask]) / C[mask] + 240)
    H *= 255
    H /= 360 # if you prefer, leave as 0-360, but don't convert to uint8


    # Saturation
    S = np.zeros(R.shape, int)

    if isHSV:
        # This code is for HSV:
        # Value
        V = M

        # Saturation
        S[Cmsk] = ((255 * C[Cmsk]) / V[Cmsk])
        # H, S, and V are now defined as integers 0-255
        return np.array((H.swapaxes(0, 1), S.swapaxes(0, 1), V.swapaxes(0, 1))).T
    else:
        # This code is for HSL:
        # Value
        L = 0.5 * (M + m)

        # Saturation
        S[Cmsk] = ((C[Cmsk]) / (1 - np.absolute(2 * L[Cmsk]/255.0 - 1)))
        # H, S, and L are now defined as integers 0-255
        return np.array((H.swapaxes(0, 1), S.swapaxes(0, 1), L.swapaxes(0, 1))).T



[docs]def rgb_to_hsv(a):
    return rgb_to_hsl_hsv(a, True)



[docs]def rgb_to_hsl(a):
    return rgb_to_hsl_hsv(a, False)



[docs]def hsl_to_rgb(arr):
    """
    Converts HSL color array to RGB array

    H = [0..360]
    S = [0..1]
    l = [0..1]

    http://en.wikipedia.org/wiki/HSL_and_HSV#From_HSL

    Returns R,G,B in [0..255]
    """
    H, S, L = arr.T
    
    H = (H.copy()/255.0) * 360
    S = S.copy()/255.0
    L = L.copy()/255.0
    
    C = (1 - np.absolute(2 * L - 1)) * S

    Hp = H / 60.0
    X = C * (1 - np.absolute(np.mod(Hp, 2) - 1))

    # initilize with zero
    R = np.zeros(H.shape, float)
    G = np.zeros(H.shape, float)
    B = np.zeros(H.shape, float)

    # handle each case:

    mask = (Hp >= 0) == ( Hp < 1)
    R[mask] = C[mask]
    G[mask] = X[mask]

    mask = (Hp >= 1) == ( Hp < 2)
    R[mask] = X[mask]
    G[mask] = C[mask]

    mask = (Hp >= 2) == ( Hp < 3)
    G[mask] = C[mask]
    B[mask] = X[mask]

    mask = (Hp >= 3) == ( Hp < 4)
    G[mask] = X[mask]
    B[mask] = C[mask]

    mask = (Hp >= 4) == ( Hp < 5)
    R[mask] = X[mask]
    B[mask] = C[mask]

    mask = (Hp >= 5) == ( Hp < 6)
    R[mask] = C[mask]
    B[mask] = X[mask]

    m = L - 0.5*C
    R += m
    G += m
    B += m

    R *= 255.0
    G *= 255.0
    B *= 255.0

    return np.array((R.astype(int),G.astype(int),B.astype(int))).T

    
# Maps
default_atom_map = {
    "C": gray,
    "O": red,
    "H": white,

    "N": light_blue,
    "S": gold,
    "Cl": green,
    "B":  green,
    
    "P": orange,
    "Fe": orange,
    "Ba": orange,

    "Na": blue,
    "Mg": forest_green,
    
    "Zn": brown,
    "Cu": brown,
    "Ni": brown,
    "Br": brown,

    "Ca": dark_gray,
    "Mn": dark_gray,
    "Al": dark_gray,
    "Ti": dark_gray,
    "Cr": dark_gray,
    "Ag": dark_gray,

    "F":  goldenrod,    
    "Si": goldenrod,
    "Au": goldenrod,
    
    "I": purple,
        
    "Li": fire_brick,
    "He": pink,

    "Xx": deep_pink,
}


light_atom_map = {
    "C": gainsboro,
    "O": light_salmon,
    "H": snow,

"N":  pale_turquoise,
    "S":  light_goldenrod_yellow,
    "Cl": pale_green,
    "B":  pale_green,
    
"P": beige,
    "Fe": beige,
    "Ba": beige,

"Na": lavender,
    "Mg": aquamarine,
    
"Zn": dark_salmon,
    "Cu": dark_salmon,
    "Ni": dark_salmon,
    "Br": dark_salmon,

"Ca": light_slate_gray,
    "Mn": light_slate_gray,
    "Al": light_slate_gray,
    "Ti": light_slate_gray,
    "Cr": light_slate_gray,
    "Ag": light_slate_gray,

"F":  pale_goldenrod,    
    "Si": pale_goldenrod,
    "Au": pale_goldenrod,
    
"I": lavender,
    
"Li": light_coral,
    "He": light_pink,

"Xx": deep_pink,
}
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  Source code for ipymd.data_input.base

# -*- coding: utf-8 -*-
"""
Created on Sun May  1 22:49:20 2016

@author: cjs14
"""
import itertools
from ..shared import colors

[docs]class DataInput(object):
    """data input base class
    
    subclasses should override methods; 
    read_data, _get_atom_data, _get_meta_data and _count_configs
    and optionally _get_meta_data_all
    
    """
    def __init__(self):
        """
        Data is divided into two levels; atomic and meta
        
            - atom is a series of tables, one for each timestep, containing variables (columns) for each atom (rows)
            - meta is a table containing variables (columns) for each configuration (rows)
        """
        self._data_set = False

[docs]    def setup_data(self):
        """a method to setup the data and variables """
        self._data_set = True


[docs]    def get_atom_data(self, config=1):
        """ return pandas.DataFrame of atomic data """
        if not self._data_set:
            raise RuntimeError('must call setup_data method first')
        if config>self.count_configs():
            raise ValueError('only {} configurations available'.format(
                                                            self.count_configs()))
        return self._get_atom_data(config)


    def _get_atom_data(self, config):
        raise NotImplemented        

[docs]    def get_meta_data(self, config=1):
        """ return pandas.Series of meta data for the atomic configuration """
        if not self._data_set:
            raise RuntimeError('must call setup_data method first')
        if config>self.count_configs():
            raise ValueError('only {} configurations available'.format(
                                                            self.count_configs()))
        return self._get_meta_data(config)

            
    def _get_meta_data(self, config):
        raise NotImplemented

[docs]    def get_meta_data_all(self, incl_bb=False, **kwargs):
        """ return pandas.DataFrame of meta data for the atomic configuration

        Properties
        ----------
        incl_bb : bool
            whether to include bounding box coordinates in DataFrame
        kwargs : dict
            kew word arguments relevant to specific input data
        
        """
        if not self._data_set:
            raise RuntimeError('must call setup_data method first')
        return self._get_meta_data_all(incl_bb, **kwargs)

    
    def _get_meta_data_all(self, incl_bb):
        raise NotImplemented
    
[docs]    def count_configs(self):
        """ return int of total number of atomic configurations """
        if not self._data_set:
            raise RuntimeError('must call setup_data method first')
        return self._count_configs()

    
    def _count_configs(self):
        raise NotImplemented

    def _add_radii(self, atom_df):
        atom_df['radius'] = 1.
        
    #TODO cycle through specific colors in each list
    def _add_colors(self, atom_df):
        """ add colors to atom_df, with different color for each atom type """

        atom_df['transparency'] = 1.
        
        col_keys = colors.col_dict.keys()
        col_cycle = itertools.cycle(col_keys)
        for typ in atom_df['type'].unique():            
            atom_df.loc[atom_df['type']==typ,'color'] = colors.col_dict[col_cycle.next()][0]
        
    def _skiplines(self, f, num=1):
        """ skip line(s) in an open file """
        for n in range(num):
            line = next(f)
        return line
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  Source code for ipymd.data_input.spacegroup.cell

# Copyright (C) 2010, Jesper Friis
# (see accompanying license files for details).

import numpy as np
from numpy import pi, sin, cos, tan, arcsin, arccos, arctan, sqrt
from numpy import dot
from numpy.linalg import norm


__all__ = ['cell_to_cellpar', 'cellpar_to_cell', 'metric_from_cell']


def unit_vector(x):
    """Return a unit vector in the same direction as x."""
    y = np.array(x, dtype='float')
    return y/norm(y)


def angle(x, y):
    """Return the angle between vectors a and b in degrees."""
    return arccos(dot(x, y)/(norm(x)*norm(y)))*180./pi


[docs]def cell_to_cellpar(cell):
    """Returns the cell parameters [a, b, c, alpha, beta, gamma] as a
    numpy array."""
    va, vb, vc = cell
    a = np.linalg.norm(va)
    b = np.linalg.norm(vb)
    c = np.linalg.norm(vc)
    alpha = 180.0/pi*arccos(dot(vb, vc)/(b*c))
    beta  = 180.0/pi*arccos(dot(vc, va)/(c*a))
    gamma = 180.0/pi*arccos(dot(va, vb)/(a*b))
    return np.array([a, b, c, alpha, beta, gamma])

        

[docs]def cellpar_to_cell(cellpar, ab_normal=(0,0,1), a_direction=None):
    """Return a 3x3 cell matrix from `cellpar` = [a, b, c, alpha,
    beta, gamma].  The returned cell is orientated such that a and b
    are normal to `ab_normal` and a is parallel to the projection of
    `a_direction` in the a-b plane.

    Default `a_direction` is (1,0,0), unless this is parallel to
    `ab_normal`, in which case default `a_direction` is (0,0,1).

    The returned cell has the vectors va, vb and vc along the rows. The
    cell will be oriented such that va and vb are normal to `ab_normal`
    and va will be along the projection of `a_direction` onto the a-b
    plane.

    Example:

    >>> cell = cellpar_to_cell([1, 2, 4,  10,  20, 30], (0,1,1), (1,2,3))
    >>> np.round(cell, 3)
    array([[ 0.816, -0.408,  0.408],
           [ 1.992, -0.13 ,  0.13 ],
           [ 3.859, -0.745,  0.745]])

    """
    if a_direction is None:
        if np.linalg.norm(np.cross(ab_normal, (1,0,0))) < 1e-5:
            a_direction = (0,0,1)
        else:
            a_direction = (1,0,0)

    # Define rotated X,Y,Z-system, with Z along ab_normal and X along
    # the projection of a_direction onto the normal plane of Z.
    ad = np.array(a_direction)
    Z = unit_vector(ab_normal)
    X = unit_vector(ad - dot(ad, Z)*Z)
    Y = np.cross(Z, X)

    # Express va, vb and vc in the X,Y,Z-system
    alpha, beta, gamma = 90., 90., 90.
    if isinstance(cellpar, (int, float)):
        a = b = c = cellpar
    elif len(cellpar) == 1:
        a = b = c = cellpar[0]
    elif len(cellpar) == 3:
        a, b, c = cellpar
        alpha, beta, gamma = 90., 90., 90.
    else:
        a, b, c, alpha, beta, gamma = cellpar
    alpha *= pi/180.0
    beta *= pi/180.0
    gamma *= pi/180.0
    va = a * np.array([1, 0, 0])
    vb = b * np.array([cos(gamma), sin(gamma), 0])
    cx = cos(beta)
    cy = (cos(alpha) - cos(beta)*cos(gamma))/sin(gamma)
    cz = sqrt(1. - cx*cx - cy*cy)
    vc = c * np.array([cx, cy, cz])

    # Convert to the Cartesian x,y,z-system
    abc = np.vstack((va, vb, vc))
    T = np.vstack((X, Y, Z))
    cell = dot(abc, T)
    return cell



[docs]def metric_from_cell(cell):
    """Calculates the metric matrix from cell, which is given in the
    Cartesian system."""
    cell = np.asarray(cell, dtype=float)
    return np.dot(cell, cell.T)





if __name__ == '__main__':
    import doctest
    #print 'doctest: ', doctest.testmod()
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  Source code for ipymd.shared.transformations

# -*- coding: utf-8 -*-
# transformations.py

# Copyright (c) 2006-2012, Christoph Gohlke
# Copyright (c) 2006-2012, The Regents of the University of California
# Produced at the Laboratory for Fluorescence Dynamics
# All rights reserved.
#
# Redistribution and use in source and binary forms, with or without
# modification, are permitted provided that the following conditions are met:
#
# * Redistributions of source code must retain the above copyright
#   notice, this list of conditions and the following disclaimer.
# * Redistributions in binary form must reproduce the above copyright
#   notice, this list of conditions and the following disclaimer in the
#   documentation and/or other materials provided with the distribution.
# * Neither the name of the copyright holders nor the names of any
#   contributors may be used to endorse or promote products derived
#   from this software without specific prior written permission.
#
# THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS"
# AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
# IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
# ARE DISCLAIMED.  IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE
# LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
# CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF
# SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
# INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
# CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
# ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE
# POSSIBILITY OF SUCH DAMAGE.

"""Homogeneous Transformation Matrices and Quaternions.

A library for calculating 4x4 matrices for translating, rotating, reflecting,
scaling, shearing, projecting, orthogonalizing, and superimposing arrays of
3D homogeneous coordinates as well as for converting between rotation matrices,
Euler angles, and quaternions. Also includes an Arcball control object and
functions to decompose transformation matrices.

:Authors:
  `Christoph Gohlke <http://www.lfd.uci.edu/~gohlke/>`__,
  Laboratory for Fluorescence Dynamics, University of California, Irvine

:Version: 2012.10.14

Requirements
------------
* `CPython 2.7 or 3.2 <http://www.python.org>`__
* `Numpy 1.6 <http://numpy.scipy.org>`__
* `transformations.c 2012.01.01 <http://www.lfd.uci.edu/~gohlke/>`__
  (optional implementation of some functions in C)

Notes
-----
The API is not stable yet and is expected to change between revisions.

This Python code is not optimized for speed. Refer to the transformations.c
module for a faster implementation of some functions.

Documentation in HTML format can be generated with epydoc.

Matrices (M) can be inverted using numpy.linalg.inv(M), be concatenated using
numpy.dot(M0, M1), or transform homogeneous coordinate arrays (v) using
numpy.dot(M, v) for shape (4, \*) column vectors, respectively
numpy.dot(v, M.T) for shape (\*, 4) row vectors ("array of points").

This module follows the "column vectors on the right" and "row major storage"
(C contiguous) conventions. The translation components are in the right column
of the transformation matrix, i.e. M[:3, 3].
The transpose of the transformation matrices may have to be used to interface
with other graphics systems, e.g. with OpenGL's glMultMatrixd(). See also [16].

Calculations are carried out with numpy.float64 precision.

Vector, point, quaternion, and matrix function arguments are expected to be
"array like", i.e. tuple, list, or numpy arrays.

Return types are numpy arrays unless specified otherwise.

Angles are in radians unless specified otherwise.

Quaternions w+ix+jy+kz are represented as [w, x, y, z].

A triple of Euler angles can be applied/interpreted in 24 ways, which can
be specified using a 4 character string or encoded 4-tuple:

  *Axes 4-string*: e.g. 'sxyz' or 'ryxy'

  - first character : rotations are applied to 's'tatic or 'r'otating frame
  - remaining characters : successive rotation axis 'x', 'y', or 'z'

  *Axes 4-tuple*: e.g. (0, 0, 0, 0) or (1, 1, 1, 1)

  - inner axis: code of axis ('x':0, 'y':1, 'z':2) of rightmost matrix.
  - parity : even (0) if inner axis 'x' is followed by 'y', 'y' is followed
    by 'z', or 'z' is followed by 'x'. Otherwise odd (1).
  - repetition : first and last axis are same (1) or different (0).
  - frame : rotations are applied to static (0) or rotating (1) frame.

References
----------
(1)  Matrices and transformations. Ronald Goldman.
     In "Graphics Gems I", pp 472-475. Morgan Kaufmann, 1990.
(2)  More matrices and transformations: shear and pseudo-perspective.
     Ronald Goldman. In "Graphics Gems II", pp 320-323. Morgan Kaufmann, 1991.
(3)  Decomposing a matrix into simple transformations. Spencer Thomas.
     In "Graphics Gems II", pp 320-323. Morgan Kaufmann, 1991.
(4)  Recovering the data from the transformation matrix. Ronald Goldman.
     In "Graphics Gems II", pp 324-331. Morgan Kaufmann, 1991.
(5)  Euler angle conversion. Ken Shoemake.
     In "Graphics Gems IV", pp 222-229. Morgan Kaufmann, 1994.
(6)  Arcball rotation control. Ken Shoemake.
     In "Graphics Gems IV", pp 175-192. Morgan Kaufmann, 1994.
(7)  Representing attitude: Euler angles, unit quaternions, and rotation
     vectors. James Diebel. 2006.
(8)  A discussion of the solution for the best rotation to relate two sets
     of vectors. W Kabsch. Acta Cryst. 1978. A34, 827-828.
(9)  Closed-form solution of absolute orientation using unit quaternions.
     BKP Horn. J Opt Soc Am A. 1987. 4(4):629-642.
(10) Quaternions. Ken Shoemake.
     http://www.sfu.ca/~jwa3/cmpt461/files/quatut.pdf
(11) From quaternion to matrix and back. JMP van Waveren. 2005.
     http://www.intel.com/cd/ids/developer/asmo-na/eng/293748.htm
(12) Uniform random rotations. Ken Shoemake.
     In "Graphics Gems III", pp 124-132. Morgan Kaufmann, 1992.
(13) Quaternion in molecular modeling. CFF Karney.
     J Mol Graph Mod, 25(5):595-604
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Examples
--------
>>> alpha, beta, gamma = 0.123, -1.234, 2.345
>>> origin, xaxis, yaxis, zaxis = [0, 0, 0], [1, 0, 0], [0, 1, 0], [0, 0, 1]
>>> I = identity_matrix()
>>> Rx = rotation_matrix(alpha, xaxis)
>>> Ry = rotation_matrix(beta, yaxis)
>>> Rz = rotation_matrix(gamma, zaxis)
>>> R = concatenate_matrices(Rx, Ry, Rz)
>>> euler = euler_from_matrix(R, 'rxyz')
>>> numpy.allclose([alpha, beta, gamma], euler)
True
>>> Re = euler_matrix(alpha, beta, gamma, 'rxyz')
>>> is_same_transform(R, Re)
True
>>> al, be, ga = euler_from_matrix(Re, 'rxyz')
>>> is_same_transform(Re, euler_matrix(al, be, ga, 'rxyz'))
True
>>> qx = quaternion_about_axis(alpha, xaxis)
>>> qy = quaternion_about_axis(beta, yaxis)
>>> qz = quaternion_about_axis(gamma, zaxis)
>>> q = quaternion_multiply(qx, qy)
>>> q = quaternion_multiply(q, qz)
>>> Rq = quaternion_matrix(q)
>>> is_same_transform(R, Rq)
True
>>> S = scale_matrix(1.23, origin)
>>> T = translation_matrix([1, 2, 3])
>>> Z = shear_matrix(beta, xaxis, origin, zaxis)
>>> R = random_rotation_matrix(numpy.random.rand(3))
>>> M = concatenate_matrices(T, R, Z, S)
>>> scale, shear, angles, trans, persp = decompose_matrix(M)
>>> numpy.allclose(scale, 1.23)
True
>>> numpy.allclose(trans, [1, 2, 3])
True
>>> numpy.allclose(shear, [0, math.tan(beta), 0])
True
>>> is_same_transform(R, euler_matrix(axes='sxyz', *angles))
True
>>> M1 = compose_matrix(scale, shear, angles, trans, persp)
>>> is_same_transform(M, M1)
True
>>> v0, v1 = random_vector(3), random_vector(3)
>>> M = rotation_matrix(angle_between_vectors(v0, v1), vector_product(v0, v1))
>>> v2 = numpy.dot(v0, M[:3,:3].T)
>>> numpy.allclose(unit_vector(v1), unit_vector(v2))
True

"""

from __future__ import division, print_function

import math
import numpy

__version__ = '2012.01.01'
__docformat__ = 'restructuredtext en'
#__all__ = []


[docs]def identity_matrix():
    """Return 4x4 identity/unit matrix.

    >>> I = identity_matrix()
    >>> numpy.allclose(I, numpy.dot(I, I))
    True
    >>> numpy.sum(I), numpy.trace(I)
    (4.0, 4.0)
    >>> numpy.allclose(I, numpy.identity(4))
    True

    """
    return numpy.identity(4)



[docs]def translation_matrix(direction):
    """Return matrix to translate by direction vector.

    >>> v = numpy.random.random(3) - 0.5
    >>> numpy.allclose(v, translation_matrix(v)[:3, 3])
    True

    """
    M = numpy.identity(4)
    M[:3, 3] = direction[:3]
    return M



[docs]def translation_from_matrix(matrix):
    """Return translation vector from translation matrix.

    >>> v0 = numpy.random.random(3) - 0.5
    >>> v1 = translation_from_matrix(translation_matrix(v0))
    >>> numpy.allclose(v0, v1)
    True

    """
    return numpy.array(matrix, copy=False)[:3, 3].copy()



[docs]def reflection_matrix(point, normal):
    """Return matrix to mirror at plane defined by point and normal vector.

    >>> v0 = numpy.random.random(4) - 0.5
    >>> v0[3] = 1.
    >>> v1 = numpy.random.random(3) - 0.5
    >>> R = reflection_matrix(v0, v1)
    >>> numpy.allclose(2, numpy.trace(R))
    True
    >>> numpy.allclose(v0, numpy.dot(R, v0))
    True
    >>> v2 = v0.copy()
    >>> v2[:3] += v1
    >>> v3 = v0.copy()
    >>> v2[:3] -= v1
    >>> numpy.allclose(v2, numpy.dot(R, v3))
    True

    """
    normal = unit_vector(normal[:3])
    M = numpy.identity(4)
    M[:3, :3] -= 2.0 * numpy.outer(normal, normal)
    M[:3, 3] = (2.0 * numpy.dot(point[:3], normal)) * normal
    return M



[docs]def reflection_from_matrix(matrix):
    """Return mirror plane point and normal vector from reflection matrix.

    >>> v0 = numpy.random.random(3) - 0.5
    >>> v1 = numpy.random.random(3) - 0.5
    >>> M0 = reflection_matrix(v0, v1)
    >>> point, normal = reflection_from_matrix(M0)
    >>> M1 = reflection_matrix(point, normal)
    >>> is_same_transform(M0, M1)
    True

    """
    M = numpy.array(matrix, dtype=numpy.float64, copy=False)
    # normal: unit eigenvector corresponding to eigenvalue -1
    w, V = numpy.linalg.eig(M[:3, :3])
    i = numpy.where(abs(numpy.real(w) + 1.0) < 1e-8)[0]
    if not len(i):
        raise ValueError("no unit eigenvector corresponding to eigenvalue -1")
    normal = numpy.real(V[:, i[0]]).squeeze()
    # point: any unit eigenvector corresponding to eigenvalue 1
    w, V = numpy.linalg.eig(M)
    i = numpy.where(abs(numpy.real(w) - 1.0) < 1e-8)[0]
    if not len(i):
        raise ValueError("no unit eigenvector corresponding to eigenvalue 1")
    point = numpy.real(V[:, i[-1]]).squeeze()
    point /= point[3]
    return point, normal


# This rotation matrix seems to be hugely bugged
# def rotation_matrix(angle, direction, point=None):
#     """Return matrix to rotate about axis defined by point and direction.

#     >>> R = rotation_matrix(math.pi/2, [0, 0, 1], [1, 0, 0])
#     >>> numpy.allclose(numpy.dot(R, [0, 0, 0, 1]), [1, -1, 0, 1])
#     True
#     >>> angle = (random.random() - 0.5) * (2*math.pi)
#     >>> direc = numpy.random.random(3) - 0.5
#     >>> point = numpy.random.random(3) - 0.5
#     >>> R0 = rotation_matrix(angle, direc, point)
#     >>> R1 = rotation_matrix(angle-2*math.pi, direc, point)
#     >>> is_same_transform(R0, R1)
#     True
#     >>> R0 = rotation_matrix(angle, direc, point)
#     >>> R1 = rotation_matrix(-angle, -direc, point)
#     >>> is_same_transform(R0, R1)
#     True
#     >>> I = numpy.identity(4, numpy.float64)
#     >>> numpy.allclose(I, rotation_matrix(math.pi*2, direc))
#     True
#     >>> numpy.allclose(2, numpy.trace(rotation_matrix(math.pi/2,
#     ...                                               direc, point)))
#     True

#     """
#     sina = math.sin(angle)
#     cosa = math.cos(angle)
    
#     direction = unit_vector(direction[:3])
    
    
#     # rotation matrix around unit vector
#     R = numpy.diag([cosa, cosa, cosa])
#     R += numpy.outer(direction, direction) * (1.0 - cosa)
#     direction *= sina
#     R += numpy.array([[ 0.0,         -direction[2],  direction[1]],
#                       [ direction[2], 0.0,          -direction[0]],
#                       [-direction[1], direction[0],  0.0]])
#     M = numpy.identity(4)
#     M[:3, :3] = R
#     if point is not None:
#         # rotation not around origin
#         point = numpy.array(point[:3], dtype=numpy.float64, copy=False)
#         M[:3, 3] = point - numpy.dot(R, point)
#     return M

[docs]def rotation_matrix(angle, direction):
     """
     Create a rotation matrix corresponding to the rotation around a general
     axis by a specified angle.

     R = dd^T + cos(a) (I - dd^T) + sin(a) skew(d)

     Parameters:

         angle : float a
         direction : array d
     """
     d = numpy.array(direction, dtype=numpy.float64)
     d /= numpy.linalg.norm(d)

     eye = numpy.eye(3, dtype=numpy.float64)
     ddt = numpy.outer(d, d)
     skew = numpy.array([[    0,  d[2],  -d[1]],
                      [-d[2],     0,  d[0]],
                      [d[1], -d[0],    0]], dtype=numpy.float64)

     mtx = ddt + numpy.cos(angle) * (eye - ddt) + numpy.sin(angle) * skew
     
     M = numpy.eye(4)
     M[:3,:3] = mtx
     return M



[docs]def rotation_from_matrix(matrix):
    """Return rotation angle and axis from rotation matrix.

    >>> angle = (random.random() - 0.5) * (2*math.pi)
    >>> direc = numpy.random.random(3) - 0.5
    >>> point = numpy.random.random(3) - 0.5
    >>> R0 = rotation_matrix(angle, direc, point)
    >>> angle, direc, point = rotation_from_matrix(R0)
    >>> R1 = rotation_matrix(angle, direc, point)
    >>> is_same_transform(R0, R1)
    True

    """
    R = numpy.array(matrix, dtype=numpy.float64, copy=False)
    R33 = R[:3, :3]
    # direction: unit eigenvector of R33 corresponding to eigenvalue of 1
    w, W = numpy.linalg.eig(R33.T)
    i = numpy.where(abs(numpy.real(w) - 1.0) < 1e-8)[0]
    if not len(i):
        raise ValueError("no unit eigenvector corresponding to eigenvalue 1")
    direction = numpy.real(W[:, i[-1]]).squeeze()
    # point: unit eigenvector of R33 corresponding to eigenvalue of 1
    w, Q = numpy.linalg.eig(R)
    i = numpy.where(abs(numpy.real(w) - 1.0) < 1e-8)[0]
    if not len(i):
        raise ValueError("no unit eigenvector corresponding to eigenvalue 1")
    point = numpy.real(Q[:, i[-1]]).squeeze()
    point /= point[3]
    # rotation angle depending on direction
    cosa = (numpy.trace(R33) - 1.0) / 2.0
    if abs(direction[2]) > 1e-8:
        sina = (R[1, 0] + (cosa-1.0)*direction[0]*direction[1]) / direction[2]
    elif abs(direction[1]) > 1e-8:
        sina = (R[0, 2] + (cosa-1.0)*direction[0]*direction[2]) / direction[1]
    else:
        sina = (R[2, 1] + (cosa-1.0)*direction[1]*direction[2]) / direction[0]
    angle = math.atan2(sina, cosa)
    return angle, direction, point



[docs]def scale_matrix(factor, origin=None, direction=None):
    """Return matrix to scale by factor around origin in direction.

    Use factor -1 for point symmetry.

    >>> v = (numpy.random.rand(4, 5) - 0.5) * 20
    >>> v[3] = 1
    >>> S = scale_matrix(-1.234)
    >>> numpy.allclose(numpy.dot(S, v)[:3], -1.234*v[:3])
    True
    >>> factor = random.random() * 10 - 5
    >>> origin = numpy.random.random(3) - 0.5
    >>> direct = numpy.random.random(3) - 0.5
    >>> S = scale_matrix(factor, origin)
    >>> S = scale_matrix(factor, origin, direct)

    """
    if direction is None:
        # uniform scaling
        M = numpy.diag([factor, factor, factor, 1.0])
        if origin is not None:
            M[:3, 3] = origin[:3]
            M[:3, 3] *= 1.0 - factor
    else:
        # nonuniform scaling
        direction = unit_vector(direction[:3])
        factor = 1.0 - factor
        M = numpy.identity(4)
        M[:3, :3] -= factor * numpy.outer(direction, direction)
        if origin is not None:
            M[:3, 3] = (factor * numpy.dot(origin[:3], direction)) * direction
    return M



[docs]def scale_from_matrix(matrix):
    """Return scaling factor, origin and direction from scaling matrix.

    >>> factor = random.random() * 10 - 5
    >>> origin = numpy.random.random(3) - 0.5
    >>> direct = numpy.random.random(3) - 0.5
    >>> S0 = scale_matrix(factor, origin)
    >>> factor, origin, direction = scale_from_matrix(S0)
    >>> S1 = scale_matrix(factor, origin, direction)
    >>> is_same_transform(S0, S1)
    True
    >>> S0 = scale_matrix(factor, origin, direct)
    >>> factor, origin, direction = scale_from_matrix(S0)
    >>> S1 = scale_matrix(factor, origin, direction)
    >>> is_same_transform(S0, S1)
    True

    """
    M = numpy.array(matrix, dtype=numpy.float64, copy=False)
    M33 = M[:3, :3]
    factor = numpy.trace(M33) - 2.0
    try:
        # direction: unit eigenvector corresponding to eigenvalue factor
        w, V = numpy.linalg.eig(M33)
        i = numpy.where(abs(numpy.real(w) - factor) < 1e-8)[0][0]
        direction = numpy.real(V[:, i]).squeeze()
        direction /= vector_norm(direction)
    except IndexError:
        # uniform scaling
        factor = (factor + 2.0) / 3.0
        direction = None
    # origin: any eigenvector corresponding to eigenvalue 1
    w, V = numpy.linalg.eig(M)
    i = numpy.where(abs(numpy.real(w) - 1.0) < 1e-8)[0]
    if not len(i):
        raise ValueError("no eigenvector corresponding to eigenvalue 1")
    origin = numpy.real(V[:, i[-1]]).squeeze()
    origin /= origin[3]
    return factor, origin, direction


[docs]def simple_clip_matrix(scale, znear, zfar, aspectratio=1.0):
    '''Given the parameters for a frustum returns a 4x4 perspective
    projection matrix 
    
    Parameters:
      float scale: 
      float znear,zfar: near/far plane z, float

    Return: a 4x4 perspective matrix
    '''
    m = numpy.zeros((4,4))
    m[0,0] = scale/aspectratio
    m[1,1] = scale
    m[2,2] = (zfar + znear) / (znear - zfar)
    m[2,3] = 2*zfar*znear / (znear - zfar)
    m[3,2] = -1

    return m


[docs]def projection_matrix(point, normal, direction=None,
                      perspective=None, pseudo=False):
    """Return matrix to project onto plane defined by point and normal.

    Using either perspective point, projection direction, or none of both.

    If pseudo is True, perspective projections will preserve relative depth
    such that Perspective = dot(Orthogonal, PseudoPerspective).

    >>> P = projection_matrix([0, 0, 0], [1, 0, 0])
    >>> numpy.allclose(P[1:, 1:], numpy.identity(4)[1:, 1:])
    True
    >>> point = numpy.random.random(3) - 0.5
    >>> normal = numpy.random.random(3) - 0.5
    >>> direct = numpy.random.random(3) - 0.5
    >>> persp = numpy.random.random(3) - 0.5
    >>> P0 = projection_matrix(point, normal)
    >>> P1 = projection_matrix(point, normal, direction=direct)
    >>> P2 = projection_matrix(point, normal, perspective=persp)
    >>> P3 = projection_matrix(point, normal, perspective=persp, pseudo=True)
    >>> is_same_transform(P2, numpy.dot(P0, P3))
    True
    >>> P = projection_matrix([3, 0, 0], [1, 1, 0], [1, 0, 0])
    >>> v0 = (numpy.random.rand(4, 5) - 0.5) * 20
    >>> v0[3] = 1
    >>> v1 = numpy.dot(P, v0)
    >>> numpy.allclose(v1[1], v0[1])
    True
    >>> numpy.allclose(v1[0], 3-v1[1])
    True

    """
    M = numpy.identity(4)
    point = numpy.array(point[:3], dtype=numpy.float64, copy=False)
    normal = unit_vector(normal[:3])
    if perspective is not None:
        # perspective projection
        perspective = numpy.array(perspective[:3], dtype=numpy.float64,
                                  copy=False)
        M[0, 0] = M[1, 1] = M[2, 2] = numpy.dot(perspective-point, normal)
        M[:3, :3] -= numpy.outer(perspective, normal)
        if pseudo:
            # preserve relative depth
            M[:3, :3] -= numpy.outer(normal, normal)
            M[:3, 3] = numpy.dot(point, normal) * (perspective+normal)
        else:
            M[:3, 3] = numpy.dot(point, normal) * perspective
        M[3, :3] = -normal
        M[3, 3] = numpy.dot(perspective, normal)
    elif direction is not None:
        # parallel projection
        direction = numpy.array(direction[:3], dtype=numpy.float64, copy=False)
        scale = numpy.dot(direction, normal)
        M[:3, :3] -= numpy.outer(direction, normal) / scale
        M[:3, 3] = direction * (numpy.dot(point, normal) / scale)
    else:
        # orthogonal projection
        M[:3, :3] -= numpy.outer(normal, normal)
        M[:3, 3] = numpy.dot(point, normal) * normal
    return M



[docs]def projection_from_matrix(matrix, pseudo=False):
    """Return projection plane and perspective point from projection matrix.

    Return values are same as arguments for projection_matrix function:
    point, normal, direction, perspective, and pseudo.

    >>> point = numpy.random.random(3) - 0.5
    >>> normal = numpy.random.random(3) - 0.5
    >>> direct = numpy.random.random(3) - 0.5
    >>> persp = numpy.random.random(3) - 0.5
    >>> P0 = projection_matrix(point, normal)
    >>> result = projection_from_matrix(P0)
    >>> P1 = projection_matrix(*result)
    >>> is_same_transform(P0, P1)
    True
    >>> P0 = projection_matrix(point, normal, direct)
    >>> result = projection_from_matrix(P0)
    >>> P1 = projection_matrix(*result)
    >>> is_same_transform(P0, P1)
    True
    >>> P0 = projection_matrix(point, normal, perspective=persp, pseudo=False)
    >>> result = projection_from_matrix(P0, pseudo=False)
    >>> P1 = projection_matrix(*result)
    >>> is_same_transform(P0, P1)
    True
    >>> P0 = projection_matrix(point, normal, perspective=persp, pseudo=True)
    >>> result = projection_from_matrix(P0, pseudo=True)
    >>> P1 = projection_matrix(*result)
    >>> is_same_transform(P0, P1)
    True

    """
    M = numpy.array(matrix, dtype=numpy.float64, copy=False)
    M33 = M[:3, :3]
    w, V = numpy.linalg.eig(M)
    i = numpy.where(abs(numpy.real(w) - 1.0) < 1e-8)[0]
    if not pseudo and len(i):
        # point: any eigenvector corresponding to eigenvalue 1
        point = numpy.real(V[:, i[-1]]).squeeze()
        point /= point[3]
        # direction: unit eigenvector corresponding to eigenvalue 0
        w, V = numpy.linalg.eig(M33)
        i = numpy.where(abs(numpy.real(w)) < 1e-8)[0]
        if not len(i):
            raise ValueError("no eigenvector corresponding to eigenvalue 0")
        direction = numpy.real(V[:, i[0]]).squeeze()
        direction /= vector_norm(direction)
        # normal: unit eigenvector of M33.T corresponding to eigenvalue 0
        w, V = numpy.linalg.eig(M33.T)
        i = numpy.where(abs(numpy.real(w)) < 1e-8)[0]
        if len(i):
            # parallel projection
            normal = numpy.real(V[:, i[0]]).squeeze()
            normal /= vector_norm(normal)
            return point, normal, direction, None, False
        else:
            # orthogonal projection, where normal equals direction vector
            return point, direction, None, None, False
    else:
        # perspective projection
        i = numpy.where(abs(numpy.real(w)) > 1e-8)[0]
        if not len(i):
            raise ValueError(
                "no eigenvector not corresponding to eigenvalue 0")
        point = numpy.real(V[:, i[-1]]).squeeze()
        point /= point[3]
        normal = - M[3, :3]
        perspective = M[:3, 3] / numpy.dot(point[:3], normal)
        if pseudo:
            perspective -= normal
        return point, normal, None, perspective, pseudo



[docs]def clip_matrix(left, right, bottom, top, near, far, perspective=False):
    """Return matrix to obtain normalized device coordinates from frustrum.

    The frustrum bounds are axis-aligned along x (left, right),
    y (bottom, top) and z (near, far).

    Normalized device coordinates are in range [-1, 1] if coordinates are
    inside the frustrum.

    If perspective is True the frustrum is a truncated pyramid with the
    perspective point at origin and direction along z axis, otherwise an
    orthographic canonical view volume (a box).

    Homogeneous coordinates transformed by the perspective clip matrix
    need to be dehomogenized (divided by w coordinate).

    >>> frustrum = numpy.random.rand(6)
    >>> frustrum[1] += frustrum[0]
    >>> frustrum[3] += frustrum[2]
    >>> frustrum[5] += frustrum[4]
    >>> M = clip_matrix(perspective=False, *frustrum)
    >>> numpy.dot(M, [frustrum[0], frustrum[2], frustrum[4], 1])
    array([-1., -1., -1.,  1.])
    >>> numpy.dot(M, [frustrum[1], frustrum[3], frustrum[5], 1])
    array([ 1.,  1.,  1.,  1.])
    >>> M = clip_matrix(perspective=True, *frustrum)
    >>> v = numpy.dot(M, [frustrum[0], frustrum[2], frustrum[4], 1])
    >>> v / v[3]
    array([-1., -1., -1.,  1.])
    >>> v = numpy.dot(M, [frustrum[1], frustrum[3], frustrum[4], 1])
    >>> v / v[3]
    array([ 1.,  1., -1.,  1.])

    """
    if left >= right or bottom >= top or near >= far:
        raise ValueError("invalid frustrum")
    if perspective:
        if near <= _EPS:
            raise ValueError("invalid frustrum: near <= 0")
        t = -2.0 * near
        M = [[t/(left-right), 0.0, (right+left)/(right-left), 0.0],
             [0.0, t/(bottom-top), (top+bottom)/(top-bottom), 0.0],
             [0.0, 0.0, (far+near)/(near-far), t*far/(far-near)],
             [0.0, 0.0, -1.0, 0.0]]
    else:
        M = [[2.0/(right-left), 0.0, 0.0, (right+left)/(left-right)],
             [0.0, 2.0/(top-bottom), 0.0, (top+bottom)/(bottom-top)],
             [0.0, 0.0, 2.0/(far-near), (far+near)/(near-far)],
             [0.0, 0.0, 0.0, 1.0]]
    return numpy.array(M)



[docs]def shear_matrix(angle, direction, point, normal):
    """Return matrix to shear by angle along direction vector on shear plane.

    The shear plane is defined by a point and normal vector. The direction
    vector must be orthogonal to the plane's normal vector.

    A point P is transformed by the shear matrix into P" such that
    the vector P-P" is parallel to the direction vector and its extent is
    given by the angle of P-P'-P", where P' is the orthogonal projection
    of P onto the shear plane.

    >>> angle = (random.random() - 0.5) * 4*math.pi
    >>> direct = numpy.random.random(3) - 0.5
    >>> point = numpy.random.random(3) - 0.5
    >>> normal = numpy.cross(direct, numpy.random.random(3))
    >>> S = shear_matrix(angle, direct, point, normal)
    >>> numpy.allclose(1, numpy.linalg.det(S))
    True

    """
    normal = unit_vector(normal[:3])
    direction = unit_vector(direction[:3])
    if abs(numpy.dot(normal, direction)) > 1e-6:
        raise ValueError("direction and normal vectors are not orthogonal")
    angle = math.tan(angle)
    M = numpy.identity(4)
    M[:3, :3] += angle * numpy.outer(direction, normal)
    M[:3, 3] = -angle * numpy.dot(point[:3], normal) * direction
    return M



[docs]def shear_from_matrix(matrix):
    """Return shear angle, direction and plane from shear matrix.

    >>> angle = (random.random() - 0.5) * 4*math.pi
    >>> direct = numpy.random.random(3) - 0.5
    >>> point = numpy.random.random(3) - 0.5
    >>> normal = numpy.cross(direct, numpy.random.random(3))
    >>> S0 = shear_matrix(angle, direct, point, normal)
    >>> angle, direct, point, normal = shear_from_matrix(S0)
    >>> S1 = shear_matrix(angle, direct, point, normal)
    >>> is_same_transform(S0, S1)
    True

    """
    M = numpy.array(matrix, dtype=numpy.float64, copy=False)
    M33 = M[:3, :3]
    # normal: cross independent eigenvectors corresponding to the eigenvalue 1
    w, V = numpy.linalg.eig(M33)
    i = numpy.where(abs(numpy.real(w) - 1.0) < 1e-4)[0]
    if len(i) < 2:
        raise ValueError("no two linear independent eigenvectors found %s" % w)
    V = numpy.real(V[:, i]).squeeze().T
    lenorm = -1.0
    for i0, i1 in ((0, 1), (0, 2), (1, 2)):
        n = numpy.cross(V[i0], V[i1])
        w = vector_norm(n)
        if w > lenorm:
            lenorm = w
            normal = n
    normal /= lenorm
    # direction and angle
    direction = numpy.dot(M33 - numpy.identity(3), normal)
    angle = vector_norm(direction)
    direction /= angle
    angle = math.atan(angle)
    # point: eigenvector corresponding to eigenvalue 1
    w, V = numpy.linalg.eig(M)
    i = numpy.where(abs(numpy.real(w) - 1.0) < 1e-8)[0]
    if not len(i):
        raise ValueError("no eigenvector corresponding to eigenvalue 1")
    point = numpy.real(V[:, i[-1]]).squeeze()
    point /= point[3]
    return angle, direction, point, normal



[docs]def decompose_matrix(matrix):
    """Return sequence of transformations from transformation matrix.

    matrix : array_like
        Non-degenerative homogeneous transformation matrix

    Return tuple of:
        scale : vector of 3 scaling factors
        shear : list of shear factors for x-y, x-z, y-z axes
        angles : list of Euler angles about static x, y, z axes
        translate : translation vector along x, y, z axes
        perspective : perspective partition of matrix

    Raise ValueError if matrix is of wrong type or degenerative.

    >>> T0 = translation_matrix([1, 2, 3])
    >>> scale, shear, angles, trans, persp = decompose_matrix(T0)
    >>> T1 = translation_matrix(trans)
    >>> numpy.allclose(T0, T1)
    True
    >>> S = scale_matrix(0.123)
    >>> scale, shear, angles, trans, persp = decompose_matrix(S)
    >>> scale[0]
    0.123
    >>> R0 = euler_matrix(1, 2, 3)
    >>> scale, shear, angles, trans, persp = decompose_matrix(R0)
    >>> R1 = euler_matrix(*angles)
    >>> numpy.allclose(R0, R1)
    True

    """
    M = numpy.array(matrix, dtype=numpy.float64, copy=True).T
    if abs(M[3, 3]) < _EPS:
        raise ValueError("M[3, 3] is zero")
    M /= M[3, 3]
    P = M.copy()
    P[:, 3] = 0.0, 0.0, 0.0, 1.0
    if not numpy.linalg.det(P):
        raise ValueError("matrix is singular")

    scale = numpy.zeros((3, ))
    shear = [0.0, 0.0, 0.0]
    angles = [0.0, 0.0, 0.0]

    if any(abs(M[:3, 3]) > _EPS):
        perspective = numpy.dot(M[:, 3], numpy.linalg.inv(P.T))
        M[:, 3] = 0.0, 0.0, 0.0, 1.0
    else:
        perspective = numpy.array([0.0, 0.0, 0.0, 1.0])

    translate = M[3, :3].copy()
    M[3, :3] = 0.0

    row = M[:3, :3].copy()
    scale[0] = vector_norm(row[0])
    row[0] /= scale[0]
    shear[0] = numpy.dot(row[0], row[1])
    row[1] -= row[0] * shear[0]
    scale[1] = vector_norm(row[1])
    row[1] /= scale[1]
    shear[0] /= scale[1]
    shear[1] = numpy.dot(row[0], row[2])
    row[2] -= row[0] * shear[1]
    shear[2] = numpy.dot(row[1], row[2])
    row[2] -= row[1] * shear[2]
    scale[2] = vector_norm(row[2])
    row[2] /= scale[2]
    shear[1:] /= scale[2]

    if numpy.dot(row[0], numpy.cross(row[1], row[2])) < 0:
        numpy.negative(scale, scale)
        numpy.negative(row, row)

    angles[1] = math.asin(-row[0, 2])
    if math.cos(angles[1]):
        angles[0] = math.atan2(row[1, 2], row[2, 2])
        angles[2] = math.atan2(row[0, 1], row[0, 0])
    else:
        #angles[0] = math.atan2(row[1, 0], row[1, 1])
        angles[0] = math.atan2(-row[2, 1], row[1, 1])
        angles[2] = 0.0

    return scale, shear, angles, translate, perspective



[docs]def compose_matrix(scale=None, shear=None, angles=None, translate=None,
                   perspective=None):
    """Return transformation matrix from sequence of transformations.

    This is the inverse of the decompose_matrix function.

    Sequence of transformations:
        scale : vector of 3 scaling factors
        shear : list of shear factors for x-y, x-z, y-z axes
        angles : list of Euler angles about static x, y, z axes
        translate : translation vector along x, y, z axes
        perspective : perspective partition of matrix

    >>> scale = numpy.random.random(3) - 0.5
    >>> shear = numpy.random.random(3) - 0.5
    >>> angles = (numpy.random.random(3) - 0.5) * (2*math.pi)
    >>> trans = numpy.random.random(3) - 0.5
    >>> persp = numpy.random.random(4) - 0.5
    >>> M0 = compose_matrix(scale, shear, angles, trans, persp)
    >>> result = decompose_matrix(M0)
    >>> M1 = compose_matrix(*result)
    >>> is_same_transform(M0, M1)
    True

    """
    M = numpy.identity(4)
    if perspective is not None:
        P = numpy.identity(4)
        P[3, :] = perspective[:4]
        M = numpy.dot(M, P)
    if translate is not None:
        T = numpy.identity(4)
        T[:3, 3] = translate[:3]
        M = numpy.dot(M, T)
    if angles is not None:
        R = euler_matrix(angles[0], angles[1], angles[2], 'sxyz')
        M = numpy.dot(M, R)
    if shear is not None:
        Z = numpy.identity(4)
        Z[1, 2] = shear[2]
        Z[0, 2] = shear[1]
        Z[0, 1] = shear[0]
        M = numpy.dot(M, Z)
    if scale is not None:
        S = numpy.identity(4)
        S[0, 0] = scale[0]
        S[1, 1] = scale[1]
        S[2, 2] = scale[2]
        M = numpy.dot(M, S)
    M /= M[3, 3]
    return M



[docs]def orthogonalization_matrix(lengths, angles):
    """Return orthogonalization matrix for crystallographic cell coordinates.

    Angles are expected in degrees.

    The de-orthogonalization matrix is the inverse.

    >>> O = orthogonalization_matrix([10, 10, 10], [90, 90, 90])
    >>> numpy.allclose(O[:3, :3], numpy.identity(3, float) * 10)
    True
    >>> O = orthogonalization_matrix([9.8, 12.0, 15.5], [87.2, 80.7, 69.7])
    >>> numpy.allclose(numpy.sum(O), 43.063229)
    True

    """
    a, b, c = lengths
    angles = numpy.radians(angles)
    sina, sinb, _ = numpy.sin(angles)
    cosa, cosb, cosg = numpy.cos(angles)
    co = (cosa * cosb - cosg) / (sina * sinb)
    return numpy.array([
        [ a*sinb*math.sqrt(1.0-co*co),  0.0,    0.0, 0.0],
        [-a*sinb*co,                    b*sina, 0.0, 0.0],
        [ a*cosb,                       b*cosa, c,   0.0],
        [ 0.0,                          0.0,    0.0, 1.0]])



[docs]def affine_matrix_from_points(v0, v1, shear=True, scale=True, usesvd=True):
    """Return affine transform matrix to register two point sets.

    v0 and v1 are shape (ndims, \*) arrays of at least ndims non-homogeneous
    coordinates, where ndims is the dimensionality of the coordinate space.

    If shear is False, a similarity transformation matrix is returned.
    If also scale is False, a rigid/Eucledian transformation matrix
    is returned.

    By default the algorithm by Hartley and Zissermann [15] is used.
    If usesvd is True, similarity and Eucledian transformation matrices
    are calculated by minimizing the weighted sum of squared deviations
    (RMSD) according to the algorithm by Kabsch [8].
    Otherwise, and if ndims is 3, the quaternion based algorithm by Horn [9]
    is used, which is slower when using this Python implementation.

    The returned matrix performs rotation, translation and uniform scaling
    (if specified).

    >>> v0 = [[0, 1031, 1031, 0], [0, 0, 1600, 1600]]
    >>> v1 = [[675, 826, 826, 677], [55, 52, 281, 277]]
    >>> affine_matrix_from_points(v0, v1)
    array([[   0.14549,    0.00062,  675.50008],
           [   0.00048,    0.14094,   53.24971],
           [   0.     ,    0.     ,    1.     ]])
    >>> T = translation_matrix(numpy.random.random(3)-0.5)
    >>> R = random_rotation_matrix(numpy.random.random(3))
    >>> S = scale_matrix(random.random())
    >>> M = concatenate_matrices(T, R, S)
    >>> v0 = (numpy.random.rand(4, 100) - 0.5) * 20
    >>> v0[3] = 1
    >>> v1 = numpy.dot(M, v0)
    >>> v0[:3] += numpy.random.normal(0, 1e-8, 300).reshape(3, -1)
    >>> M = affine_matrix_from_points(v0[:3], v1[:3])
    >>> numpy.allclose(v1, numpy.dot(M, v0))
    True

    More examples in superimposition_matrix()

    """
    v0 = numpy.array(v0, dtype=numpy.float64, copy=True)
    v1 = numpy.array(v1, dtype=numpy.float64, copy=True)

    ndims = v0.shape[0]
    if ndims < 2 or v0.shape[1] < ndims or v0.shape != v1.shape:
        raise ValueError("input arrays are of wrong shape or type")

    # move centroids to origin
    t0 = -numpy.mean(v0, axis=1)
    M0 = numpy.identity(ndims+1)
    M0[:ndims, ndims] = t0
    v0 += t0.reshape(ndims, 1)
    t1 = -numpy.mean(v1, axis=1)
    M1 = numpy.identity(ndims+1)
    M1[:ndims, ndims] = t1
    v1 += t1.reshape(ndims, 1)

    if shear:
        # Affine transformation
        A = numpy.concatenate((v0, v1), axis=0)
        u, s, vh = numpy.linalg.svd(A.T)
        vh = vh[:ndims].T
        B = vh[:ndims]
        C = vh[ndims:2*ndims]
        t = numpy.dot(C, numpy.linalg.pinv(B))
        t = numpy.concatenate((t, numpy.zeros((ndims, 1))), axis=1)
        M = numpy.vstack((t, ((0.0,)*ndims) + (1.0,)))
    elif usesvd or ndims != 3:
        # Rigid transformation via SVD of covariance matrix
        u, s, vh = numpy.linalg.svd(numpy.dot(v1, v0.T))
        # rotation matrix from SVD orthonormal bases
        R = numpy.dot(u, vh)
        if numpy.linalg.det(R) < 0.0:
            # R does not constitute right handed system
            R -= numpy.outer(u[:, ndims-1], vh[ndims-1, :]*2.0)
            s[-1] *= -1.0
        # homogeneous transformation matrix
        M = numpy.identity(ndims+1)
        M[:ndims, :ndims] = R
    else:
        # Rigid transformation matrix via quaternion
        # compute symmetric matrix N
        xx, yy, zz = numpy.sum(v0 * v1, axis=1)
        xy, yz, zx = numpy.sum(v0 * numpy.roll(v1, -1, axis=0), axis=1)
        xz, yx, zy = numpy.sum(v0 * numpy.roll(v1, -2, axis=0), axis=1)
        N = [[xx+yy+zz, 0.0,      0.0,      0.0],
             [yz-zy,    xx-yy-zz, 0.0,      0.0],
             [zx-xz,    xy+yx,    yy-xx-zz, 0.0],
             [xy-yx,    zx+xz,    yz+zy,    zz-xx-yy]]
        # quaternion: eigenvector corresponding to most positive eigenvalue
        w, V = numpy.linalg.eigh(N)
        q = V[:, numpy.argmax(w)]
        q /= vector_norm(q)  # unit quaternion
        # homogeneous transformation matrix
        M = quaternion_matrix(q)

    if scale and not shear:
        # Affine transformation; scale is ratio of RMS deviations from centroid
        v0 *= v0
        v1 *= v1
        M[:ndims, :ndims] *= math.sqrt(numpy.sum(v1) / numpy.sum(v0))

    # move centroids back
    M = numpy.dot(numpy.linalg.inv(M1), numpy.dot(M, M0))
    M /= M[ndims, ndims]
    return M



[docs]def superimposition_matrix(v0, v1, scale=False, usesvd=True):
    """Return matrix to transform given 3D point set into second point set.

    v0 and v1 are shape (3, \*) or (4, \*) arrays of at least 3 points.

    The parameters scale and usesvd are explained in the more general
    affine_matrix_from_points function.

    The returned matrix is a similarity or Eucledian transformation matrix.
    This function has a fast C implementation in transformations.c.

    >>> v0 = numpy.random.rand(3, 10)
    >>> M = superimposition_matrix(v0, v0)
    >>> numpy.allclose(M, numpy.identity(4))
    True
    >>> R = random_rotation_matrix(numpy.random.random(3))
    >>> v0 = [[1,0,0], [0,1,0], [0,0,1], [1,1,1]]
    >>> v1 = numpy.dot(R, v0)
    >>> M = superimposition_matrix(v0, v1)
    >>> numpy.allclose(v1, numpy.dot(M, v0))
    True
    >>> v0 = (numpy.random.rand(4, 100) - 0.5) * 20
    >>> v0[3] = 1
    >>> v1 = numpy.dot(R, v0)
    >>> M = superimposition_matrix(v0, v1)
    >>> numpy.allclose(v1, numpy.dot(M, v0))
    True
    >>> S = scale_matrix(random.random())
    >>> T = translation_matrix(numpy.random.random(3)-0.5)
    >>> M = concatenate_matrices(T, R, S)
    >>> v1 = numpy.dot(M, v0)
    >>> v0[:3] += numpy.random.normal(0, 1e-9, 300).reshape(3, -1)
    >>> M = superimposition_matrix(v0, v1, scale=True)
    >>> numpy.allclose(v1, numpy.dot(M, v0))
    True
    >>> M = superimposition_matrix(v0, v1, scale=True, usesvd=False)
    >>> numpy.allclose(v1, numpy.dot(M, v0))
    True
    >>> v = numpy.empty((4, 100, 3))
    >>> v[:, :, 0] = v0
    >>> M = superimposition_matrix(v0, v1, scale=True, usesvd=False)
    >>> numpy.allclose(v1, numpy.dot(M, v[:, :, 0]))
    True

    """
    v0 = numpy.array(v0, dtype=numpy.float64, copy=False)[:3]
    v1 = numpy.array(v1, dtype=numpy.float64, copy=False)[:3]
    return affine_matrix_from_points(v0, v1, shear=False,
                                     scale=scale, usesvd=usesvd)



[docs]def euler_matrix(ai, aj, ak, axes='sxyz'):
    """Return homogeneous rotation matrix from Euler angles and axis sequence.

    ai, aj, ak : Euler's roll, pitch and yaw angles
    axes : One of 24 axis sequences as string or encoded tuple

    >>> R = euler_matrix(1, 2, 3, 'syxz')
    >>> numpy.allclose(numpy.sum(R[0]), -1.34786452)
    True
    >>> R = euler_matrix(1, 2, 3, (0, 1, 0, 1))
    >>> numpy.allclose(numpy.sum(R[0]), -0.383436184)
    True
    >>> ai, aj, ak = (4*math.pi) * (numpy.random.random(3) - 0.5)
    >>> for axes in _AXES2TUPLE.keys():
    ...    R = euler_matrix(ai, aj, ak, axes)
    >>> for axes in _TUPLE2AXES.keys():
    ...    R = euler_matrix(ai, aj, ak, axes)

    """
    try:
        firstaxis, parity, repetition, frame = _AXES2TUPLE[axes]
    except (AttributeError, KeyError):
        _TUPLE2AXES[axes]  # validation
        firstaxis, parity, repetition, frame = axes

    i = firstaxis
    j = _NEXT_AXIS[i+parity]
    k = _NEXT_AXIS[i-parity+1]

    if frame:
        ai, ak = ak, ai
    if parity:
        ai, aj, ak = -ai, -aj, -ak

    si, sj, sk = math.sin(ai), math.sin(aj), math.sin(ak)
    ci, cj, ck = math.cos(ai), math.cos(aj), math.cos(ak)
    cc, cs = ci*ck, ci*sk
    sc, ss = si*ck, si*sk

    M = numpy.identity(4)
    if repetition:
        M[i, i] = cj
        M[i, j] = sj*si
        M[i, k] = sj*ci
        M[j, i] = sj*sk
        M[j, j] = -cj*ss+cc
        M[j, k] = -cj*cs-sc
        M[k, i] = -sj*ck
        M[k, j] = cj*sc+cs
        M[k, k] = cj*cc-ss
    else:
        M[i, i] = cj*ck
        M[i, j] = sj*sc-cs
        M[i, k] = sj*cc+ss
        M[j, i] = cj*sk
        M[j, j] = sj*ss+cc
        M[j, k] = sj*cs-sc
        M[k, i] = -sj
        M[k, j] = cj*si
        M[k, k] = cj*ci
    return M



[docs]def euler_from_matrix(matrix, axes='sxyz'):
    """Return Euler angles from rotation matrix for specified axis sequence.

    axes : One of 24 axis sequences as string or encoded tuple

    Note that many Euler angle triplets can describe one matrix.

    >>> R0 = euler_matrix(1, 2, 3, 'syxz')
    >>> al, be, ga = euler_from_matrix(R0, 'syxz')
    >>> R1 = euler_matrix(al, be, ga, 'syxz')
    >>> numpy.allclose(R0, R1)
    True
    >>> angles = (4*math.pi) * (numpy.random.random(3) - 0.5)
    >>> for axes in _AXES2TUPLE.keys():
    ...    R0 = euler_matrix(axes=axes, *angles)
    ...    R1 = euler_matrix(axes=axes, *euler_from_matrix(R0, axes))
    ...    if not numpy.allclose(R0, R1): print(axes, "failed")

    """
    try:
        firstaxis, parity, repetition, frame = _AXES2TUPLE[axes.lower()]
    except (AttributeError, KeyError):
        _TUPLE2AXES[axes]  # validation
        firstaxis, parity, repetition, frame = axes

    i = firstaxis
    j = _NEXT_AXIS[i+parity]
    k = _NEXT_AXIS[i-parity+1]

    M = numpy.array(matrix, dtype=numpy.float64, copy=False)[:3, :3]
    if repetition:
        sy = math.sqrt(M[i, j]*M[i, j] + M[i, k]*M[i, k])
        if sy > _EPS:
            ax = math.atan2( M[i, j],  M[i, k])
            ay = math.atan2( sy,       M[i, i])
            az = math.atan2( M[j, i], -M[k, i])
        else:
            ax = math.atan2(-M[j, k],  M[j, j])
            ay = math.atan2( sy,       M[i, i])
            az = 0.0
    else:
        cy = math.sqrt(M[i, i]*M[i, i] + M[j, i]*M[j, i])
        if cy > _EPS:
            ax = math.atan2( M[k, j],  M[k, k])
            ay = math.atan2(-M[k, i],  cy)
            az = math.atan2( M[j, i],  M[i, i])
        else:
            ax = math.atan2(-M[j, k],  M[j, j])
            ay = math.atan2(-M[k, i],  cy)
            az = 0.0

    if parity:
        ax, ay, az = -ax, -ay, -az
    if frame:
        ax, az = az, ax
    return ax, ay, az



[docs]def euler_from_quaternion(quaternion, axes='sxyz'):
    """Return Euler angles from quaternion for specified axis sequence.

    >>> angles = euler_from_quaternion([0.99810947, 0.06146124, 0, 0])
    >>> numpy.allclose(angles, [0.123, 0, 0])
    True

    """
    return euler_from_matrix(quaternion_matrix(quaternion), axes)



[docs]def quaternion_from_euler(ai, aj, ak, axes='sxyz'):
    """Return quaternion from Euler angles and axis sequence.

    ai, aj, ak : Euler's roll, pitch and yaw angles
    axes : One of 24 axis sequences as string or encoded tuple

    >>> q = quaternion_from_euler(1, 2, 3, 'ryxz')
    >>> numpy.allclose(q, [0.435953, 0.310622, -0.718287, 0.444435])
    True

    """
    try:
        firstaxis, parity, repetition, frame = _AXES2TUPLE[axes.lower()]
    except (AttributeError, KeyError):
        _TUPLE2AXES[axes]  # validation
        firstaxis, parity, repetition, frame = axes

    i = firstaxis + 1
    j = _NEXT_AXIS[i+parity-1] + 1
    k = _NEXT_AXIS[i-parity] + 1

    if frame:
        ai, ak = ak, ai
    if parity:
        aj = -aj

    ai /= 2.0
    aj /= 2.0
    ak /= 2.0
    ci = math.cos(ai)
    si = math.sin(ai)
    cj = math.cos(aj)
    sj = math.sin(aj)
    ck = math.cos(ak)
    sk = math.sin(ak)
    cc = ci*ck
    cs = ci*sk
    sc = si*ck
    ss = si*sk

    q = numpy.empty((4, ))
    if repetition:
        q[0] = cj*(cc - ss)
        q[i] = cj*(cs + sc)
        q[j] = sj*(cc + ss)
        q[k] = sj*(cs - sc)
    else:
        q[0] = cj*cc + sj*ss
        q[i] = cj*sc - sj*cs
        q[j] = cj*ss + sj*cc
        q[k] = cj*cs - sj*sc
    if parity:
        q[j] *= -1.0

    return q



[docs]def quaternion_about_axis(angle, axis):
    """Return quaternion for rotation about axis.

    >>> q = quaternion_about_axis(0.123, [1, 0, 0])
    >>> numpy.allclose(q, [0.99810947, 0.06146124, 0, 0])
    True

    """
    q = numpy.array([0.0, axis[0], axis[1], axis[2]])
    qlen = vector_norm(q)
    if qlen > _EPS:
        q *= math.sin(angle/2.0) / qlen
    q[0] = math.cos(angle/2.0)
    return q



[docs]def quaternion_matrix(quaternion):
    """Return homogeneous rotation matrix from quaternion.

    >>> M = quaternion_matrix([0.99810947, 0.06146124, 0, 0])
    >>> numpy.allclose(M, rotation_matrix(0.123, [1, 0, 0]))
    True
    >>> M = quaternion_matrix([1, 0, 0, 0])
    >>> numpy.allclose(M, numpy.identity(4))
    True
    >>> M = quaternion_matrix([0, 1, 0, 0])
    >>> numpy.allclose(M, numpy.diag([1, -1, -1, 1]))
    True

    """
    q = numpy.array(quaternion, dtype=numpy.float64, copy=True)
    n = numpy.dot(q, q)
    if n < _EPS:
        return numpy.identity(4)
    q *= math.sqrt(2.0 / n)
    q = numpy.outer(q, q)
    return numpy.array([
        [1.0-q[2, 2]-q[3, 3],     q[1, 2]-q[3, 0],     q[1, 3]+q[2, 0], 0.0],
        [    q[1, 2]+q[3, 0], 1.0-q[1, 1]-q[3, 3],     q[2, 3]-q[1, 0], 0.0],
        [    q[1, 3]-q[2, 0],     q[2, 3]+q[1, 0], 1.0-q[1, 1]-q[2, 2], 0.0],
        [                0.0,                 0.0,                 0.0, 1.0]])



[docs]def quaternion_from_matrix(matrix, isprecise=False):
    """Return quaternion from rotation matrix.

    If isprecise is True, the input matrix is assumed to be a precise rotation
    matrix and a faster algorithm is used.

    >>> q = quaternion_from_matrix(numpy.identity(4), True)
    >>> numpy.allclose(q, [1, 0, 0, 0])
    True
    >>> q = quaternion_from_matrix(numpy.diag([1, -1, -1, 1]))
    >>> numpy.allclose(q, [0, 1, 0, 0]) or numpy.allclose(q, [0, -1, 0, 0])
    True
    >>> R = rotation_matrix(0.123, (1, 2, 3))
    >>> q = quaternion_from_matrix(R, True)
    >>> numpy.allclose(q, [0.9981095, 0.0164262, 0.0328524, 0.0492786])
    True
    >>> R = [[-0.545, 0.797, 0.260, 0], [0.733, 0.603, -0.313, 0],
    ...      [-0.407, 0.021, -0.913, 0], [0, 0, 0, 1]]
    >>> q = quaternion_from_matrix(R)
    >>> numpy.allclose(q, [0.19069, 0.43736, 0.87485, -0.083611])
    True
    >>> R = [[0.395, 0.362, 0.843, 0], [-0.626, 0.796, -0.056, 0],
    ...      [-0.677, -0.498, 0.529, 0], [0, 0, 0, 1]]
    >>> q = quaternion_from_matrix(R)
    >>> numpy.allclose(q, [0.82336615, -0.13610694, 0.46344705, -0.29792603])
    True
    >>> R = random_rotation_matrix()
    >>> q = quaternion_from_matrix(R)
    >>> is_same_transform(R, quaternion_matrix(q))
    True

    """
    M = numpy.array(matrix, dtype=numpy.float64, copy=False)[:4, :4]
    if isprecise:
        q = numpy.empty((4, ))
        t = numpy.trace(M)
        if t > M[3, 3]:
            q[0] = t
            q[3] = M[1, 0] - M[0, 1]
            q[2] = M[0, 2] - M[2, 0]
            q[1] = M[2, 1] - M[1, 2]
        else:
            i, j, k = 1, 2, 3
            if M[1, 1] > M[0, 0]:
                i, j, k = 2, 3, 1
            if M[2, 2] > M[i, i]:
                i, j, k = 3, 1, 2
            t = M[i, i] - (M[j, j] + M[k, k]) + M[3, 3]
            q[i] = t
            q[j] = M[i, j] + M[j, i]
            q[k] = M[k, i] + M[i, k]
            q[3] = M[k, j] - M[j, k]
        q *= 0.5 / math.sqrt(t * M[3, 3])
    else:
        m00 = M[0, 0]
        m01 = M[0, 1]
        m02 = M[0, 2]
        m10 = M[1, 0]
        m11 = M[1, 1]
        m12 = M[1, 2]
        m20 = M[2, 0]
        m21 = M[2, 1]
        m22 = M[2, 2]
        # symmetric matrix K
        K = numpy.array([[m00-m11-m22, 0.0,         0.0,         0.0],
                         [m01+m10,     m11-m00-m22, 0.0,         0.0],
                         [m02+m20,     m12+m21,     m22-m00-m11, 0.0],
                         [m21-m12,     m02-m20,     m10-m01,     m00+m11+m22]])
        K /= 3.0
        # quaternion is eigenvector of K that corresponds to largest eigenvalue
        w, V = numpy.linalg.eigh(K)
        q = V[[3, 0, 1, 2], numpy.argmax(w)]
    if q[0] < 0.0:
        numpy.negative(q, q)
    return q



[docs]def quaternion_multiply(quaternion1, quaternion0):
    """Return multiplication of two quaternions.

    >>> q = quaternion_multiply([4, 1, -2, 3], [8, -5, 6, 7])
    >>> numpy.allclose(q, [28, -44, -14, 48])
    True

    """
    w0, x0, y0, z0 = quaternion0
    w1, x1, y1, z1 = quaternion1
    return numpy.array([-x1*x0 - y1*y0 - z1*z0 + w1*w0,
                         x1*w0 + y1*z0 - z1*y0 + w1*x0,
                        -x1*z0 + y1*w0 + z1*x0 + w1*y0,
                         x1*y0 - y1*x0 + z1*w0 + w1*z0], dtype=numpy.float64)



[docs]def quaternion_conjugate(quaternion):
    """Return conjugate of quaternion.

    >>> q0 = random_quaternion()
    >>> q1 = quaternion_conjugate(q0)
    >>> q1[0] == q0[0] and all(q1[1:] == -q0[1:])
    True

    """
    q = numpy.array(quaternion, dtype=numpy.float64, copy=True)
    numpy.negative(q[1:], q[1:])
    return q



[docs]def quaternion_inverse(quaternion):
    """Return inverse of quaternion.

    >>> q0 = random_quaternion()
    >>> q1 = quaternion_inverse(q0)
    >>> numpy.allclose(quaternion_multiply(q0, q1), [1, 0, 0, 0])
    True

    """
    q = numpy.array(quaternion, dtype=numpy.float64, copy=True)
    numpy.negative(q[1:], q[1:])
    return q / numpy.dot(q, q)



[docs]def quaternion_real(quaternion):
    """Return real part of quaternion.

    >>> quaternion_real([3, 0, 1, 2])
    3.0

    """
    return float(quaternion[0])



[docs]def quaternion_imag(quaternion):
    """Return imaginary part of quaternion.

    >>> quaternion_imag([3, 0, 1, 2])
    array([ 0.,  1.,  2.])

    """
    return numpy.array(quaternion[1:4], dtype=numpy.float64, copy=True)



[docs]def quaternion_slerp(quat0, quat1, fraction, spin=0, shortestpath=True):
    """Return spherical linear interpolation between two quaternions.

    >>> q0 = random_quaternion()
    >>> q1 = random_quaternion()
    >>> q = quaternion_slerp(q0, q1, 0)
    >>> numpy.allclose(q, q0)
    True
    >>> q = quaternion_slerp(q0, q1, 1, 1)
    >>> numpy.allclose(q, q1)
    True
    >>> q = quaternion_slerp(q0, q1, 0.5)
    >>> angle = math.acos(numpy.dot(q0, q))
    >>> numpy.allclose(2, math.acos(numpy.dot(q0, q1)) / angle) or \
        numpy.allclose(2, math.acos(-numpy.dot(q0, q1)) / angle)
    True

    """
    q0 = unit_vector(quat0[:4])
    q1 = unit_vector(quat1[:4])
    if fraction == 0.0:
        return q0
    elif fraction == 1.0:
        return q1
    d = numpy.dot(q0, q1)
    if abs(abs(d) - 1.0) < _EPS:
        return q0
    if shortestpath and d < 0.0:
        # invert rotation
        d = -d
        numpy.negative(q1, q1)
    angle = math.acos(d) + spin * math.pi
    if abs(angle) < _EPS:
        return q0
    isin = 1.0 / math.sin(angle)
    q0 *= math.sin((1.0 - fraction) * angle) * isin
    q1 *= math.sin(fraction * angle) * isin
    q0 += q1
    return q0



[docs]def random_quaternion(rand=None):
    """Return uniform random unit quaternion.

    rand: array like or None
        Three independent random variables that are uniformly distributed
        between 0 and 1.

    >>> q = random_quaternion()
    >>> numpy.allclose(1, vector_norm(q))
    True
    >>> q = random_quaternion(numpy.random.random(3))
    >>> len(q.shape), q.shape[0]==4
    (1, True)

    """
    if rand is None:
        rand = numpy.random.rand(3)
    else:
        assert len(rand) == 3
    r1 = numpy.sqrt(1.0 - rand[0])
    r2 = numpy.sqrt(rand[0])
    pi2 = math.pi * 2.0
    t1 = pi2 * rand[1]
    t2 = pi2 * rand[2]
    return numpy.array([numpy.cos(t2)*r2, numpy.sin(t1)*r1,
                        numpy.cos(t1)*r1, numpy.sin(t2)*r2])



[docs]def random_rotation_matrix(rand=None):
    """Return uniform random rotation matrix.

    rand: array like
        Three independent random variables that are uniformly distributed
        between 0 and 1 for each returned quaternion.

    >>> R = random_rotation_matrix()
    >>> numpy.allclose(numpy.dot(R.T, R), numpy.identity(4))
    True

    """
    return quaternion_matrix(random_quaternion(rand))



[docs]class Arcball(object):
    """Virtual Trackball Control.

    >>> ball = Arcball()
    >>> ball = Arcball(initial=numpy.identity(4))
    >>> ball.place([320, 320], 320)
    >>> ball.down([500, 250])
    >>> ball.drag([475, 275])
    >>> R = ball.matrix()
    >>> numpy.allclose(numpy.sum(R), 3.90583455)
    True
    >>> ball = Arcball(initial=[1, 0, 0, 0])
    >>> ball.place([320, 320], 320)
    >>> ball.setaxes([1, 1, 0], [-1, 1, 0])
    >>> ball.setconstrain(True)
    >>> ball.down([400, 200])
    >>> ball.drag([200, 400])
    >>> R = ball.matrix()
    >>> numpy.allclose(numpy.sum(R), 0.2055924)
    True
    >>> ball.next()

    """
    def __init__(self, initial=None):
        """Initialize virtual trackball control.

        initial : quaternion or rotation matrix

        """
        self._axis = None
        self._axes = None
        self._radius = 1.0
        self._center = [0.0, 0.0]
        self._vdown = numpy.array([0.0, 0.0, 1.0])
        self._constrain = False
        if initial is None:
            self._qdown = numpy.array([1.0, 0.0, 0.0, 0.0])
        else:
            initial = numpy.array(initial, dtype=numpy.float64)
            if initial.shape == (4, 4):
                self._qdown = quaternion_from_matrix(initial)
            elif initial.shape == (4, ):
                initial /= vector_norm(initial)
                self._qdown = initial
            else:
                raise ValueError("initial not a quaternion or matrix")
        self._qnow = self._qpre = self._qdown

[docs]    def place(self, center, radius):
        """Place Arcball, e.g. when window size changes.

        center : sequence[2]
            Window coordinates of trackball center.
        radius : float
            Radius of trackball in window coordinates.

        """
        self._radius = float(radius)
        self._center[0] = center[0]
        self._center[1] = center[1]


[docs]    def setaxes(self, *axes):
        """Set axes to constrain rotations."""
        if axes is None:
            self._axes = None
        else:
            self._axes = [unit_vector(axis) for axis in axes]


[docs]    def setconstrain(self, constrain):
        """Set state of constrain to axis mode."""
        self._constrain = constrain == True


[docs]    def getconstrain(self):
        """Return state of constrain to axis mode."""
        return self._constrain


[docs]    def down(self, point):
        """Set initial cursor window coordinates and pick constrain-axis."""
        self._vdown = arcball_map_to_sphere(point, self._center, self._radius)
        self._qdown = self._qpre = self._qnow
        if self._constrain and self._axes is not None:
            self._axis = arcball_nearest_axis(self._vdown, self._axes)
            self._vdown = arcball_constrain_to_axis(self._vdown, self._axis)
        else:
            self._axis = None


[docs]    def drag(self, point):
        """Update current cursor window coordinates."""
        vnow = arcball_map_to_sphere(point, self._center, self._radius)
        if self._axis is not None:
            vnow = arcball_constrain_to_axis(vnow, self._axis)
        self._qpre = self._qnow
        t = numpy.cross(self._vdown, vnow)
        if numpy.dot(t, t) < _EPS:
            self._qnow = self._qdown
        else:
            q = [numpy.dot(self._vdown, vnow), t[0], t[1], t[2]]
            self._qnow = quaternion_multiply(q, self._qdown)


[docs]    def next(self, acceleration=0.0):
        """Continue rotation in direction of last drag."""
        q = quaternion_slerp(self._qpre, self._qnow, 2.0+acceleration, False)
        self._qpre, self._qnow = self._qnow, q


[docs]    def matrix(self):
        """Return homogeneous rotation matrix."""
        return quaternion_matrix(self._qnow)




[docs]def arcball_map_to_sphere(point, center, radius):
    """Return unit sphere coordinates from window coordinates."""
    v0 = (point[0] - center[0]) / radius
    v1 = (center[1] - point[1]) / radius
    n = v0*v0 + v1*v1
    if n > 1.0:
        # position outside of sphere
        n = math.sqrt(n)
        return numpy.array([v0/n, v1/n, 0.0])
    else:
        return numpy.array([v0, v1, math.sqrt(1.0 - n)])



[docs]def arcball_constrain_to_axis(point, axis):
    """Return sphere point perpendicular to axis."""
    v = numpy.array(point, dtype=numpy.float64, copy=True)
    a = numpy.array(axis, dtype=numpy.float64, copy=True)
    v -= a * numpy.dot(a, v)  # on plane
    n = vector_norm(v)
    if n > _EPS:
        if v[2] < 0.0:
            numpy.negative(v, v)
        v /= n
        return v
    if a[2] == 1.0:
        return numpy.array([1.0, 0.0, 0.0])
    return unit_vector([-a[1], a[0], 0.0])



[docs]def arcball_nearest_axis(point, axes):
    """Return axis, which arc is nearest to point."""
    point = numpy.array(point, dtype=numpy.float64, copy=False)
    nearest = None
    mx = -1.0
    for axis in axes:
        t = numpy.dot(arcball_constrain_to_axis(point, axis), point)
        if t > mx:
            nearest = axis
            mx = t
    return nearest



# epsilon for testing whether a number is close to zero
_EPS = numpy.finfo(float).eps * 4.0

# axis sequences for Euler angles
_NEXT_AXIS = [1, 2, 0, 1]

# map axes strings to/from tuples of inner axis, parity, repetition, frame
_AXES2TUPLE = {
    'sxyz': (0, 0, 0, 0), 'sxyx': (0, 0, 1, 0), 'sxzy': (0, 1, 0, 0),
    'sxzx': (0, 1, 1, 0), 'syzx': (1, 0, 0, 0), 'syzy': (1, 0, 1, 0),
    'syxz': (1, 1, 0, 0), 'syxy': (1, 1, 1, 0), 'szxy': (2, 0, 0, 0),
    'szxz': (2, 0, 1, 0), 'szyx': (2, 1, 0, 0), 'szyz': (2, 1, 1, 0),
    'rzyx': (0, 0, 0, 1), 'rxyx': (0, 0, 1, 1), 'ryzx': (0, 1, 0, 1),
    'rxzx': (0, 1, 1, 1), 'rxzy': (1, 0, 0, 1), 'ryzy': (1, 0, 1, 1),
    'rzxy': (1, 1, 0, 1), 'ryxy': (1, 1, 1, 1), 'ryxz': (2, 0, 0, 1),
    'rzxz': (2, 0, 1, 1), 'rxyz': (2, 1, 0, 1), 'rzyz': (2, 1, 1, 1)}

_TUPLE2AXES = dict((v, k) for k, v in _AXES2TUPLE.items())


[docs]def vector_norm(data, axis=None, out=None):
    """Return length, i.e. eucledian norm, of ndarray along axis.

    >>> v = numpy.random.random(3)
    >>> n = vector_norm(v)
    >>> numpy.allclose(n, numpy.linalg.norm(v))
    True
    >>> v = numpy.random.rand(6, 5, 3)
    >>> n = vector_norm(v, axis=-1)
    >>> numpy.allclose(n, numpy.sqrt(numpy.sum(v*v, axis=2)))
    True
    >>> n = vector_norm(v, axis=1)
    >>> numpy.allclose(n, numpy.sqrt(numpy.sum(v*v, axis=1)))
    True
    >>> v = numpy.random.rand(5, 4, 3)
    >>> n = numpy.empty((5, 3))
    >>> vector_norm(v, axis=1, out=n)
    >>> numpy.allclose(n, numpy.sqrt(numpy.sum(v*v, axis=1)))
    True
    >>> vector_norm([])
    0.0
    >>> vector_norm([1])
    1.0

    """
    data = numpy.array(data, dtype=numpy.float64, copy=True)
    if out is None:
        if data.ndim == 1:
            return math.sqrt(numpy.dot(data, data))
        data *= data
        out = numpy.atleast_1d(numpy.sum(data, axis=axis))
        numpy.sqrt(out, out)
        return out
    else:
        data *= data
        numpy.sum(data, axis=axis, out=out)
        numpy.sqrt(out, out)


# TODO: unit_vector duplicated
[docs]def normalized(x):
    '''Return the x vector normalized'''
    return x/numpy.linalg.norm(x)


[docs]def distance(x1, x2):
    '''Distance between two points in space
    '''
    return numpy.linalg.norm(x2 - x1)


[docs]def unit_vector(data, axis=None, out=None):
    """Return ndarray normalized by length, i.e. eucledian norm, along axis.

    >>> v0 = numpy.random.random(3)
    >>> v1 = unit_vector(v0)
    >>> numpy.allclose(v1, v0 / numpy.linalg.norm(v0))
    True
    >>> v0 = numpy.random.rand(5, 4, 3)
    >>> v1 = unit_vector(v0, axis=-1)
    >>> v2 = v0 / numpy.expand_dims(numpy.sqrt(numpy.sum(v0*v0, axis=2)), 2)
    >>> numpy.allclose(v1, v2)
    True
    >>> v1 = unit_vector(v0, axis=1)
    >>> v2 = v0 / numpy.expand_dims(numpy.sqrt(numpy.sum(v0*v0, axis=1)), 1)
    >>> numpy.allclose(v1, v2)
    True
    >>> v1 = numpy.empty((5, 4, 3))
    >>> unit_vector(v0, axis=1, out=v1)
    >>> numpy.allclose(v1, v2)
    True
    >>> list(unit_vector([]))
    []
    >>> list(unit_vector([1]))
    [1.0]

    """
    if out is None:
        data = numpy.array(data, dtype=numpy.float64, copy=True)
        if data.ndim == 1:
            data /= math.sqrt(numpy.dot(data, data))
            return data
    else:
        if out is not data:
            out[:] = numpy.array(data, copy=False)
        data = out
    length = numpy.atleast_1d(numpy.sum(data*data, axis))
    numpy.sqrt(length, length)
    if axis is not None:
        length = numpy.expand_dims(length, axis)
    data /= length
    if out is None:
        return data



[docs]def random_vector(size):
    """Return array of random doubles in the half-open interval [0.0, 1.0).

    >>> v = random_vector(10000)
    >>> numpy.all(v >= 0) and numpy.all(v < 1)
    True
    >>> v0 = random_vector(10)
    >>> v1 = random_vector(10)
    >>> numpy.any(v0 == v1)
    False

    """
    return numpy.random.random(size)



[docs]def vector_product(v0, v1, axis=0):
    """Return vector perpendicular to vectors.

    >>> v = vector_product([2, 0, 0], [0, 3, 0])
    >>> numpy.allclose(v, [0, 0, 6])
    True
    >>> v0 = [[2, 0, 0, 2], [0, 2, 0, 2], [0, 0, 2, 2]]
    >>> v1 = [[3], [0], [0]]
    >>> v = vector_product(v0, v1)
    >>> numpy.allclose(v, [[0, 0, 0, 0], [0, 0, 6, 6], [0, -6, 0, -6]])
    True
    >>> v0 = [[2, 0, 0], [2, 0, 0], [0, 2, 0], [2, 0, 0]]
    >>> v1 = [[0, 3, 0], [0, 0, 3], [0, 0, 3], [3, 3, 3]]
    >>> v = vector_product(v0, v1, axis=1)
    >>> numpy.allclose(v, [[0, 0, 6], [0, -6, 0], [6, 0, 0], [0, -6, 6]])
    True

    """
    return numpy.cross(v0, v1, axis=axis)



[docs]def angle_between_vectors(v0, v1, directed=True, axis=0):
    """Return angle between vectors.

    If directed is False, the input vectors are interpreted as undirected axes,
    i.e. the maximum angle is pi/2.

    >>> a = angle_between_vectors([1, -2, 3], [-1, 2, -3])
    >>> numpy.allclose(a, math.pi)
    True
    >>> a = angle_between_vectors([1, -2, 3], [-1, 2, -3], directed=False)
    >>> numpy.allclose(a, 0)
    True
    >>> v0 = [[2, 0, 0, 2], [0, 2, 0, 2], [0, 0, 2, 2]]
    >>> v1 = [[3], [0], [0]]
    >>> a = angle_between_vectors(v0, v1)
    >>> numpy.allclose(a, [0, 1.5708, 1.5708, 0.95532])
    True
    >>> v0 = [[2, 0, 0], [2, 0, 0], [0, 2, 0], [2, 0, 0]]
    >>> v1 = [[0, 3, 0], [0, 0, 3], [0, 0, 3], [3, 3, 3]]
    >>> a = angle_between_vectors(v0, v1, axis=1)
    >>> numpy.allclose(a, [1.5708, 1.5708, 1.5708, 0.95532])
    True

    """
    v0 = numpy.array(v0, dtype=numpy.float64, copy=False)
    v1 = numpy.array(v1, dtype=numpy.float64, copy=False)
    dot = numpy.sum(v0 * v1, axis=axis)
    dot /= vector_norm(v0, axis=axis) * vector_norm(v1, axis=axis)
    return numpy.arccos(dot if directed else numpy.fabs(dot))




[docs]def inverse_matrix(matrix):
    """Return inverse of square transformation matrix.

    >>> M0 = random_rotation_matrix()
    >>> M1 = inverse_matrix(M0.T)
    >>> numpy.allclose(M1, numpy.linalg.inv(M0.T))
    True
    >>> for size in range(1, 7):
    ...     M0 = numpy.random.rand(size, size)
    ...     M1 = inverse_matrix(M0)
    ...     if not numpy.allclose(M1, numpy.linalg.inv(M0)): print(size)

    """
    return numpy.linalg.inv(matrix)



[docs]def concatenate_matrices(*matrices):
    """Return concatenation of series of transformation matrices.

    >>> M = numpy.random.rand(16).reshape((4, 4)) - 0.5
    >>> numpy.allclose(M, concatenate_matrices(M))
    True
    >>> numpy.allclose(numpy.dot(M, M.T), concatenate_matrices(M, M.T))
    True

    """
    M = numpy.identity(4)
    for i in matrices:
        M = numpy.dot(M, i)
    return M



[docs]def is_same_transform(matrix0, matrix1):
    """Return True if two matrices perform same transformation.

    >>> is_same_transform(numpy.identity(4), numpy.identity(4))
    True
    >>> is_same_transform(numpy.identity(4), random_rotation_matrix())
    False

    """
    matrix0 = numpy.array(matrix0, dtype=numpy.float64, copy=True)
    matrix0 /= matrix0[3, 3]
    matrix1 = numpy.array(matrix1, dtype=numpy.float64, copy=True)
    matrix1 /= matrix1[3, 3]
    return numpy.allclose(matrix0, matrix1)



def _import_module(name, package='vlfd', warn=True, prefix='_py_', ignore='_'):
    """Try import all public attributes from module into global namespace.

    Existing attributes with name clashes are renamed with prefix.
    Attributes starting with underscore are ignored by default.

    Return True on successful import.

    """
    import warnings
    from importlib import import_module
    try:
        try:
            module = import_module(name)
        except ImportError:
            module = import_module('.' + name, package=package)
    except ImportError:
        if warn:
            warnings.warn("failed to import module %s" % name)
    else:
        for attr in dir(module):
            if ignore and attr.startswith(ignore):
                continue
            if prefix:
                if attr in globals():
                    globals()[prefix + attr] = globals()[attr]
                elif warn:
                    warnings.warn("no Python implementation of " + attr)
            globals()[attr] = getattr(module, attr)
        return True

[docs]def transform_to_crystal(coords, a, b, c,origin=[0,0,0]):
    r""" transform from cartesian to crystal fractional coordinates
    
    Properties
    ------------        
    coords : numpy.array((N,3))
    a : numpy.array(3)
    b : numpy.array(3)
    c : numpy.array(3)
    origin : numpy.array(3)

    Notes
    -----
    From https://en.wikipedia.org/wiki/Fractional_coordinates
    
    .. math::
    
        \begin{bmatrix}x_{frac}\\y_{frac}\\z_{frac}\\\end{bmatrix}=
        \begin{bmatrix}{
        \frac {1}{a}}&-{\frac {\cos(\gamma )}{a\sin(\gamma )}}&{\frac {\cos(\alpha )\cos(\gamma )-\cos(\beta )}{av\sin(\gamma )}}\\
        0&{\frac {1}{b\sin(\gamma )}}&{\frac {\cos(\beta )\cos(\gamma )-\cos(\alpha )}{bv\sin(\gamma )}}\\
        0&0&{\frac {\sin(\gamma )}{cv}}\\\end{bmatrix}
        \begin{bmatrix}x\\y\\z\\\end{bmatrix}
        
    such that v is the volume of a unit parallelepiped defined as:
    
    .. math::

        v={\sqrt {1-\cos ^{2}(\alpha )-\cos ^{2}(\beta )-\cos ^{2}(\gamma )+2\cos(\alpha )\cos(\beta )\cos(\gamma )}}
        
    """
    # move to origin
    coords = numpy.asarray(coords) - numpy.asarray(origin)
    
    # create transform matrix
    a_norm = numpy.linalg.norm(a)
    b_norm = numpy.linalg.norm(b)
    c_norm = numpy.linalg.norm(c)

    alpha = angle_between_vectors(b,c)
    beta = angle_between_vectors(a,c)
    gamma = angle_between_vectors(a,b)
    
    if alpha==0 or beta==0 or gamma==0:
        raise ValueError('a,b,c do not form a basis')
    
    sin, cos = math.sin, math.cos
    cos_a = cos(alpha)
    cos_b = cos(beta)
    cos_g = cos(gamma)
    sin_g = sin(gamma)
    
    v = math.sqrt(1-cos_a**2-cos_b**2-cos_g**2+2*cos_a*cos_b*cos_g)
    
    conv_matrix = numpy.array([
        [1/a_norm, -(cos_g/(a_norm*sin_g)),(cos_a*cos_g-cos_b)/(a_norm*v*sin_g)],
        [0,        1/(b_norm*sin_g),       (cos_b*cos_g-cos_a)/(b_norm*v*sin_g)],
        [0,        0,                      sin_g/(c_norm*v)]])
    
    # transform        
    new_coords = numpy.dot(conv_matrix,coords.T).T
    
    return new_coords


[docs]def transform_from_crytal(coords, a, b, c,origin=[0,0,0]):
    r""" transform from crystal fractional coordinates to cartesian
    
    Properties
    ------------        
    coords : numpy.array((N,3))
    
    a : numpy.array(3)
    
    b : numpy.array(3)
    
    c : numpy.array(3)
    
    origin : numpy.array(3)
    
    Notes
    -----
    From https://en.wikipedia.org/wiki/Fractional_coordinates
    
    .. math::
    
        \begin{bmatrix}x\\y\\z\\\end{bmatrix}=
        \begin{bmatrix}a&b\cos(\gamma )&c\cos(\beta )\\0&b\sin(\gamma )&c{\frac {\cos(\alpha )-\cos(\beta )\cos(\gamma )}{\sin(\gamma )}}\\0&0&c{\frac {v}{\sin(\gamma )}}\\\end{bmatrix}
        \begin{bmatrix}x_{frac}\\y_{frac}\\z_{frac}\\\end{bmatrix}
        
    such that v is the volume of a unit parallelepiped defined as:
    
    .. math::

        v={\sqrt {1-\cos ^{2}(\alpha )-\cos ^{2}(\beta )-\cos ^{2}(\gamma )+2\cos(\alpha )\cos(\beta )\cos(\gamma )}}
        
    """
    coords = numpy.asarray(coords)
    
    # create transform matrix
    a_norm = numpy.linalg.norm(a)
    b_norm = numpy.linalg.norm(b)
    c_norm = numpy.linalg.norm(c)

    alpha = angle_between_vectors(b,c)
    beta = angle_between_vectors(a,c)
    gamma = angle_between_vectors(a,b)
    
    if alpha==0 or beta==0 or gamma==0:
        raise ValueError('a,b,c do not form a basis')
    
    sin, cos = math.sin, math.cos
    cos_a = cos(alpha)
    cos_b = cos(beta)
    cos_g = cos(gamma)
    sin_g = sin(gamma)
    
    v = math.sqrt(1-cos_a**2-cos_b**2-cos_g**2+2*cos_a*cos_b*cos_g)
    
    conv_matrix = numpy.array([
        [a_norm,  b_norm*cos_g,       c_norm*cos_b                    ],
        [0,       b_norm*sin_g,       c_norm*(cos_a-cos_b*cos_a)/sin_g],
        [0,       0,                  c_norm*v/sin_g                  ]])
    
    # transform        
    new_coords = numpy.dot(conv_matrix,coords.T).T

    # move relative to origin
    coords = numpy.asarray(coords) + numpy.asarray(origin)
    
    return new_coords


[docs]def rotate_vectors(vector, axis, theta):
    """rotate the vector v clockwise about the given axis vector 
    by theta degrees.
    
    e.g. rotate([0,1,0],[0,0,1],90) -> [1,0,0]
    
    vector : iterable or list of iterables
        vector to rotate [x,y,z] or [[x1,y1,z1],[x2,y2,z2]]
    axis : iterable
        axis to rotate around [x0,y0,z0] 
    theta : float
        rotation angle in degrees
    """
    theta = -1*theta
    
    axis = numpy.asarray(axis)
    theta = numpy.asarray(theta)*numpy.pi/180.
    axis = axis/math.sqrt(numpy.dot(axis, axis))
    a = math.cos(theta/2.0)
    b, c, d = -axis*math.sin(theta/2.0)
    aa, bb, cc, dd = a*a, b*b, c*c, d*d
    bc, ad, ac, ab, bd, cd = b*c, a*d, a*c, a*b, b*d, c*d
    rotation_matrix = numpy.array([[aa+bb-cc-dd, 2*(bc+ad), 2*(bd-ac)],
                     [2*(bc-ad), aa+cc-bb-dd, 2*(cd+ab)],
                     [2*(bd+ac), 2*(cd-ab), aa+dd-bb-cc]]) 
    
    return numpy.array(numpy.einsum('ij,...j->...i',rotation_matrix,vector),ndmin=2)        



#_import_module('_transformations')

if __name__ == "__main__":
    import doctest
    import random  # used in doctests
    numpy.set_printoptions(suppress=True, precision=5)
    doctest.testmod()
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  Source code for ipymd.data_input.cif

# -*- coding: utf-8 -*-
"""
Created on Wed May 18 22:24:10 2016

@author: cjs14

adapted from from http://physics.bu.edu/~erikl/research/tools/crystals/read_cif.py
"""
import os
import math

import numpy as np
import pandas as pd
    
from .base import DataInput

[docs]class CIF(DataInput):
    """ Build a crystal from  a Crystallographic Information File (.cif)

    """ 
[docs]    def setup_data(self, file_path, override_abc=[], ignore_overlaps=False):
        """ Build a crystal from  a Crystallographic Information File (.cif)
    
        Parameters
        -----------
        file_path : str
            path to file
         override_abc : [] or [a,b,c]
             if not empty, will override a, b, c length parameters given in file
            
        Notes
        -----
        here is a typical example of a CIF file:
            
             _cell_length_a 4.916
             _cell_length_b 4.916
             _cell_length_c 5.4054
             _cell_angle_alpha 90
             _cell_angle_beta 90
             _cell_angle_gamma 120
             _cell_volume 113.131
             _exptl_crystal_density_diffrn      2.646
             _symmetry_space_group_name_H-M 'P 32 2 1'
             loop_
             _space_group_symop_operation_xyz
               'x,y,z'
               'y,x,2/3-z'
               '-y,x-y,2/3+z'
               '-x,-x+y,1/3-z'
               '-x+y,-x,1/3+z'
               'x-y,-y,-z'
             loop_
             _atom_site_label
             _atom_site_fract_x
             _atom_site_fract_y
             _atom_site_fract_z
             Si   0.46970   0.00000   0.00000
             O   0.41350   0.26690   0.11910

        """ 
        self._file_path = file_path
        self._ignore_overlaps = ignore_overlaps
        self._override_abc = override_abc
        self._data_set = True

    
    def _get_atom_data(self, step):
        """ return atom data 
        """
        cif_data = self._read_cif_file(self._file_path)
        if len(self._override_abc)==3:
            cif_data['_cell_length_a'] = self._override_abc[0]
            cif_data['_cell_length_b'] = self._override_abc[1]
            cif_data['_cell_length_c'] = self._override_abc[2]
            cif_data['_cell_volume'] = np.nan
            
        atoms_df,origin,a,b,c = self._convert_cif_data(cif_data, self._ignore_overlaps)
        self._add_colors(atoms_df)
        self._add_radii(atoms_df)
        return atoms_df
    
    def _get_meta_data(self, step):

        """ return pandas.Series of origin, a, b & c coordinates 
        """
        cif_data = self._read_cif_file(self._file_path)
        if len(self._override_abc)==3:
            cif_data['_cell_length_a'] = self._override_abc[0]
            cif_data['_cell_length_b'] = self._override_abc[1]
            cif_data['_cell_length_c'] = self._override_abc[2]
            cif_data['_cell_volume'] = np.nan

        atoms_df,origin,a,b,c = self._convert_cif_data(cif_data, self._ignore_overlaps)
        return pd.Series([origin,a,b,c],index=['origin','a','b','c'])

    def _count_configs(self):
        """ return int of total number of atomic configurations """
        return 1
        
    #TODO read and deal with occupancy values (and overlapping atoms)        
    def _read_cif_file(self, file_path):
        """
        
        Read CIF file, and extract the necessary info in the form of a dictionary.
        E.g., the value of "_cell_volume" can be found with data['_cell_volume'].
        
        """
        assert os.path.exists(file_path), '{0} does not exist'.format(file_path)
        
        data = {}
        
        # Open the CIF file.
        with open(file_path, 'r') as f:
    
            reading_sym_ops = False
            
            atom_headers = []
    
            # Read lines one by one.
            for line in f:
    
                # Split into columns.
                cols = line.split()
                if (len(cols) == 0): continue
    
                # - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
                # Identify the keyword.  Here are the simply "key: value" ones.
                if (cols[0] == '_cell_length_a'):
                    data['_cell_length_a'] = float(cols[1])
    
                elif (cols[0] == '_cell_length_b'):
                    data['_cell_length_b'] = float(cols[1])
    
                elif (cols[0] == '_cell_length_c'):
                    data['_cell_length_c'] = float(cols[1])
    
                elif (cols[0] == '_cell_angle_alpha'):
                    data['_cell_angle_alpha'] = float(cols[1])
    
                elif (cols[0] == '_cell_angle_beta'):
                    data['_cell_angle_beta'] = float(cols[1])
    
                elif (cols[0] == '_cell_angle_gamma'):
                    data['_cell_angle_gamma'] = float(cols[1])
    
                elif (cols[0] == '_cell_volume'):
                    data['_cell_volume'] = float(cols[1])
    
    
                # - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
                # Extract the symmetry operations.  This will be a list of
                # strings such as:
                #    ['x,y,z', 'y,x,2/3-z', '-y,x-y,2/3+z', '-x,-x+y,1/3-z', ... ]
                elif (cols[0] == '_space_group_symop_operation_xyz'):
                    reading_sym_ops = True
                    data['_space_group_symop_operation_xyz'] = []
    
                elif (reading_sym_ops):
                    
                    # Add the operation if the string is between single quotes.
                    # Otherwise it's a sign we are done with the list.
                    if (cols[0][0] == '\''  and  cols[0][-1] == '\''):
                        data['_space_group_symop_operation_xyz'].append(cols[0][1:-1])
                    else:
                        reading_sym_ops = False
                        # Note: it's safe to ignore this line completely.
    
    
                # - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
                # Search for the keyword "_atom_site_label" which indicates the
                # start of the atom_site data.
                elif (cols[0] == '_atom_site_label') and not atom_headers:
                    
                    while len(cols) < 4:
                        atom_headers.append(cols[0])
                        data[cols[0]] = []
                        line = self._skiplines(f)
                        cols = line.split()
                    
                    # Stop reading atom sites if we found a line with fewer
                    # columns, and which does not start with '_atom_site_'.
                    while len(cols) == len(atom_headers):
                        for i, name in enumerate(atom_headers):
                            data[name].append(cols[i])
                        
                        try:
                            line = self._skiplines(f)
                        except:
                            break
                        cols = line.split()
        
        # Return the extracted data.
        return data
        
    def _extract_element(self, label):
        """Converts an "_atom_type_label" into an element name. """
    
        elem2 = ['He','Li','Be','Ne','Na','Mg','Al','Si','Cl','Ar','Ca','Sc','Ti',
                 'Cr','Mn','Fe','Co','Ni','Cu','Zn','Ga','Ge','As','Se','Br','Kr',
                 'Rb','Sr','Zr','Nb','Mo','Tc','Ru','Rh','Pd','Ag','Cd','In','Sn',
                 'Sb','Te','Xe','Cs','Ba','La','Ce','Pr','Nd','Pm','Sm','Eu','Gd',
                 'Tb','Dy','Ho','Er','Tm','Yb','Lu','Hf','Ta','Re','Os','Ir','Pt',
                 'Au','Hg','Tl','Pb','Bi','Po','At','Rn','Fr','Ra','Ac','Th','Pa',
                 'Np','Pu','Am','Cm','Bk','Cf','Es','Fm','Md','No','Lr']
    
        if (label[0:2] in elem2):
            return label[0:2]
    
        elem1 = ['H','B','C','N','O','F','P','S','K','V','Y','I','W','U']
    
        if (label[0] in elem1):
            return label[0]
    
        raise Exception('WARNING: could not convert "%s" into element name!' % label)
        return label
    
    def _convert_cif_data(self, data, ignore_overlaps=False):
        
        radians = math.radians
        cos, sin = math.cos, math.sin
        sqrt = math.sqrt
                
        # Extract lengths and angles from the CIF data.
        La = float(data['_cell_length_a'])
        Lb = float(data['_cell_length_b'])
        Lc = float(data['_cell_length_c'])
        alpha = radians(float(data['_cell_angle_alpha']))
        beta = radians(float(data['_cell_angle_beta']))
        gamma = radians(float(data['_cell_angle_gamma']))
        volume = float(data['_cell_volume'])
        
        # Extract the symmetry operations.  This will be a list of strings such as:
        #    ['x,y,z', 'y,x,2/3-z', '-y,x-y,2/3+z', '-x,-x+y,1/3-z', ... ]
        ops = data['_space_group_symop_operation_xyz']
        
        # For proper evaluation, we need to convert "2/3" into "2./3", etc. to prevent
        # integer division which would turn e.g. 2/3 into 0.
        for i in range(len(ops)):
            ops[i] = ops[i].replace("/", "./")
        
        
        # Get the atom labels and coordinates.
        labels = data['_atom_site_label']
        fX = [ float(s) for s in data['_atom_site_fract_x'] ]
        fY = [ float(s) for s in data['_atom_site_fract_y'] ]
        fZ = [ float(s) for s in data['_atom_site_fract_z'] ]
        if '_atom_site_occupancy' in data:
            occ = [ float(s) for s in data['_atom_site_occupancy'] ]
        else:
            occ = [ 1.0 for _ in data['_atom_site_label'] ]
        
        # Create a list of 4-tuples, where each tuple is an atom:
        #   [ ('Si', 0.4697, 0.0, 0.0),  ('O', 0.4135, 0.2669, 0.1191),  ... ]
        atoms = [ (labels[i], fX[i], fY[i], fZ[i], occ[i]) for i in range(len(labels)) ]
        
        # Make sure that all atoms lie within the unit cell.  Also convert names such
        # as 'Oa1' into 'O'.
        for i in range(len(atoms)):
            (name,xn,yn,zn,oc) = atoms[i]
            xn = (xn + 10.0) % 1.0
            yn = (yn + 10.0) % 1.0
            zn = (zn + 10.0) % 1.0
            name = self._extract_element(name)
            atoms[i] = (name,xn,yn,zn,oc)
            
        # - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
        # Use symmetry operations to create the unit cell.
        
        
        # The CIF file consists of a few atom positions plus several "symmetry
        # operations" that indicate the other atom positions within the unit cell.  So
        # using these operations, create copies of the atoms until no new copies can be
        # made.
        
        
        # Two atoms are on top of each other if they are less than "eps" away.
        eps = 0.01  # in Angstrom
        
        
        # For each atom, apply each symmetry operation to create a new atom.
        overlap_atoms = []
        imax = len(atoms)
        i=0
        while (i < imax):
        
            label,x,y,z,oc = atoms[i]
        
            for op in ops:
        
                # Python is awesome: calling e.g. eval('x,y,1./2+z') will convert the
                # string into a 3-tuple using the current values for x,y,z!
                xn,yn,zn = eval(op)
        
                # Make sure that the new atom lies within the unit cell.
                xn = (xn + 10.0) % 1.0
                yn = (yn + 10.0) % 1.0
                zn = (zn + 10.0) % 1.0
        
                # Check if the new position is actually new, or the same as a previous
                # atom.
                new_atom = True
                for at in atoms:
                    if (abs(at[1]-xn) < eps  and  abs(at[2]-yn) < eps  and  abs(at[3]-zn) < eps):
                        new_atom = False
        
                        # Check that this is the same atom type.
                        if (at[0] != label):
                            if at[4] + oc != 1:
                                raise Exception('overlapping atoms do not have occupancy summing to unity')
                            overlap_atoms.append((label,xn,yn,zn,oc))
                                
                # If the atom is new, add it to the list!
                if (new_atom):
                    atoms.append( (label,xn,yn,zn,oc) )  # add a 4-tuple
        
        
            # Update the loop iterator.
            i = i + 1
            imax = len(atoms)

        if overlap_atoms and not ignore_overlaps:
            raise Exception('invalid CIF file: atom of type %s overlaps with atom of type %s' % (at[0],label))
        
        atoms+=overlap_atoms

        # - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
        # Convert the fractional coordinates into real coordinates.
        
        
        # The primitive vectors a,b,c are such that 
        #
        #   cos(alpha) = b.c / |b||c|
        #   cos(beta)  = a.c / |a||c|
        #   cos(gamma) = a.b / |a||b|
        #
        # with the convention
        #
        #   a = La*xhat
        #   b = bx*xhat + by*yhat
        #   c = cx*xhat + cy*yhat + cz*zhat
        #
        cosa = cos(alpha)
        #sina = sin(alpha)
        cosb = cos(beta)
        #sinb = sin(beta)
        cosg = cos(gamma)
        sing = sin(gamma)
        
        cosa2 = cosa * cosa
        cosb2 = cosb * cosb
        sing2 = sing * sing
        
        ax = La
        
        bx = Lb * cosg
        by = Lb * sing
        
        cx = Lc * cosb
        cy = Lc * (cosa - cosg*cosb) / sing
        cz = Lc * sqrt( 1 - (cosa2 + cosb2 - 2*cosg*cosb*cosa) / sing2 )
        
        # Use the volume to check if we did the vectors right.
        V = ax*by*cz
        if ( abs(V - volume) > 0.1) and not np.isnan(volume):
            raise Exception('volume does not match that calculated from primitive vectors')
        
        a = np.array([ax,0,0])
        b = np.array([bx,by,0])
        c = np.array([cx,cy,cz])
    
        for i in range(len(atoms)):
        
            # Get label and fractional coordinates.
            label,xf,yf,zf,oc = atoms[i]
        
            xa = xf * ax  # contribution of a-vector to the x-coordinate of this atom
            #ya = 0       # a-vector has no y-component, so does not affect y of atom
            #za = 0       # a-vector has no z-component, so does not affect z of atom
            
            xb = yf * bx  # contribution of b-vector to the x-coordinate of this atom
            yb = yf * by  # contribution of b-vector to the y-coordinate of this atom
            #zb = 0       # b-vector has no z-component, so does not affect z of atom
        
            xc = zf * cx  # contribution of c-vector to the x-coordinate of this atom
            yc = zf * cy  # contribution of c-vector to the y-coordinate of this atom
            zc = zf * cz  # contribution of c-vector to the z-coordinate of this atom
        
            # Add all contributions.
            xn = xa + xb + xc
            yn = yb + yc
            zn = zc
        
            atoms[i] = (label, xn, yn, zn,oc)
        
        df = pd.DataFrame(atoms, columns=['type', 'x', 'y', 'z','occupancy'])
    
        return df,(0.,0.,0.),tuple(a),tuple(b),tuple(c)
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  Source code for ipymd.data_input.lammps

# -*- coding: utf-8 -*-
"""
Created on Mon May 16 01:15:56 2016

@author: cjs14
"""

# -*- coding: utf-8 -*-
"""
Created on Sun May  1 22:49:20 2016

@author: cjs14
"""
import numpy as np
import pandas as pd
import os
import glob
import re

from .base import DataInput
        
[docs]class LAMMPS_Input(DataInput):
    """ file format according to http://lammps.sandia.gov/doc/read_data.html """
[docs]    def setup_data(self, atom_path='',atom_style='atomic'):
        """ get data from file
        
        Parameters
        ----------
        atom_style : 'atomic', 'charge'
            defines how atomic data is listed:
            atomic; atom-ID atom-type x y z
            charge; atom-ID atom-type q x y z
        
        """
        #TODO add more atom styles
        assert atom_style in ['atomic', 'charge']
        assert os.path.exists(atom_path) or not atom_path, 'atom_path does not exist'
        self._atom_path = atom_path
        self._atom_style = atom_style
        self._data_set = True

        
    def _get_atom_data(self,step):        
        """ """
        num_atoms = None
        atom_data = []
        
        with open(self._atom_path, 'r') as f:
            for line in f:
                if len(line.split()) == 0: continue

                if line[0] == '#':
                    continue
                #TODO read massess, etc
                if line.split()[0] == 'Atoms':
                    if num_atoms is None: 
                        raise IOError('the file has not specified how many atoms it has')
                    line = self._skiplines(f,2) # skip blank line
                    for i in range(num_atoms):
                        if self._atom_style == 'atomic':
                            aid, atype, x, y, z = (int(line.split()[0]), 
                                                   int(line.split()[1]), 
                                                   float(line.split()[2]),
                                                   float(line.split()[3]),
                                                   float(line.split()[4]))
                            atom_data.append([aid, atype, x, y, z])
                        elif self._atom_style == 'charge':
                            aid, atype, q, x, y, z = (int(line.split()[0]), 
                                                   int(line.split()[1]), 
                                                   float(line.split()[2]),
                                                   float(line.split()[3]),
                                                   float(line.split()[4]),
                                                   float(line.split()[5]))
                            atom_data.append([aid, atype, q, x, y, z])
                        if i != num_atoms-1:
                            line = self._skiplines(f,1)
                        continue
        
                if len(line.split()) < 2: continue

                if line.split()[1] == 'atoms':
                    num_atoms = int(line.split()[0])
                    continue

        if self._atom_style == 'atomic':
            atom_df = pd.DataFrame(atom_data,columns=['id', 'type', 'x', 'y', 'z'])
        elif self._atom_style == 'charge':
            atom_df = pd.DataFrame(atom_data,columns=['id', 'type', 'q', 'x', 'y', 'z'])

        self._add_colors(atom_df)
        self._add_radii(atom_df)
            
        return atom_df
    
    def _get_meta_data(self, step):
        """ return pandas.Series of origin, a, b & c coordinates """
        xy, xz, yz = 0., 0., 0.
        with open(self._atom_path, 'r') as f:
            for line in f:
                if len(line.split()) == 0: continue

                if line[0] == '#':
                    continue

                if len(line.split()) < 3: continue

                if line.split()[2] == 'xlo':
                    xlo, xhi = float(line.split()[0]), float(line.split()[1])
                    continue
                if line.split()[2] == 'ylo':
                    ylo, yhi = float(line.split()[0]), float(line.split()[1])
                    continue
                if line.split()[2] == 'zlo':
                    zlo, zhi = float(line.split()[0]), float(line.split()[1])
                    continue

                if len(line.split()) < 4: continue

                if line.split()[3] == 'xy':
                    xy, xz, yz = float(line.split()[0]), float(line.split()[1]), float(line.split()[2])
                    continue
                    
        return pd.Series([(xlo,ylo,zlo),(xhi-xlo,0.,0.),(xy,yhi-ylo,0.),(xz,yz,zhi-zlo)],
                          index=['origin','a','b','c'])

    def _count_configs(self):
        return 1


[docs]def natural_keys(text):
    '''
    alist.sort(key=natural_keys) sorts in human order, 
    e.g. ['1','2','100'] instead of ['1','100','2']
    http://nedbatchelder.com/blog/200712/human_sorting.html
    '''
    return [ atoi(c) for c in re.split('(\d+)', text) ]

[docs]def atoi(text):
    return int(text) if text.isdigit() else text


[docs]class LAMMPS_Output(DataInput):
    """
    Data divided into two levels; sytem and atom
    
    System level data created with `fix print`, e.g.;

        fix sys_info all print 100 "${t} ${natoms} ${temp}" &    
        title "time natoms temp" file system.dump screen no
        
    Atom level data created with `dump`, e.g.;
    
        dump atom_info all custom 100 atom.dump id type x y z mass q
        OR (file per configuration)
        dump atom_info all custom 100 atom_*.dump id type xs ys zs mass q

    """
    #TODO option to ensure timesteps of atom and sys are the same
[docs]    def setup_data(self, atom_path='', sys_path='', 
                   unscale_coords=True, sys_sep=' ',
                   incl_atom_step=False,incl_sys_data=True):
        """
        Data divided into two levels; meta and atom
        
        Properties
        ----------
        unscale_coords : bool
            By default, atom coords are written in a scaled format (from 0 to 1), 
            i.e. an x value of 0.25 means the atom is at a location 1/4 of the 
            box boundaries 'a' vector. 
            http://lammps.sandia.gov/doc/dump.html?highlight=dump
        sys_sep : str
            the separator between variables in the system data file
        incl_atom_time : bool
            include time according to atom file in column 'atom_step' of meta
        incl_sys_data : bool
            include system data in the single step meta data
        
        Notes
        -----
        
        Meta level data created with `fix print`, e.g.;
    
            fix sys_info all print 100 "${t} ${natoms} ${temp}" &    
            title "time natoms temp" file system.dump screen no
            
        Atom level data created with `dump`, e.g.;
        
            dump atom_info all custom 100 atom.dump id type x y z mass q
            OR (file per configuration)
            dump atom_info all custom 100 atom_*.dump id type xs ys zs mass q

        """
        if sys_path:
            assert os.path.exists(sys_path), 'sys_path does not exist'
        self._sys_path = sys_path
        self._sys_sep = sys_sep
        
        if '*' in atom_path:            
            self._single_atom_file = False  
            self._atom_path = glob.glob(atom_path)
            assert len(self._atom_path)>0, 'atom_path does not exist'
            self._atom_path.sort(key=natural_keys)
            self._configs = len(self._atom_path)
        else:   
            self._configs = 0
            if atom_path:
                assert os.path.exists(atom_path), 'atom_path does not exist'
                with open(atom_path, 'r') as f:
                    for line in f:
                        if 'ITEM: TIMESTEP' in line: 
                            self._configs += 1
            self._single_atom_file = True
            self._atom_path = atom_path
        
        self._unscale = unscale_coords
        self._data_set = True
        self._incl_atom_step = incl_atom_step
        self._incl_sys_data = incl_sys_data

        
    def _count_configs(self):
            return self._configs

    #TODO include_bb
    def _get_meta_data_all(self, incl_bb=False):
        """ return pandas.DataFrame 

        incl_bb : bool
            include bounding box parameters 

        """
        if incl_bb:
            raise NotImplemented('must run with incl_bb=False')
        
        if self._sys_path:
            sys_df = pd.read_csv(self._sys_path, sep=self._sys_sep)
            # no data output for initial configuration
            sys_df.index += 2
        else:
            sys_df = pd.DataFrame(index=[i+1 for i in range(self.count_configs())])  

        if self._incl_atom_step and self._atom_path:
            sys_df.loc[1] = [np.nan for _ in sys_df.columns]
            sys_df.sort_index(inplace=True)
            atimes = [self._get_atom_timestep(i+1) for i in range(self.count_configs())]        
            sys_df['atom_time'] = atimes 
        
        sys_df.index.name = 'config'
            
        return sys_df

    def _get_meta_data(self, step):
        """ pandas.Series  """
        if self._sys_path and self._incl_sys_data:
            sys_df = pd.read_csv(self._sys_path, sep=self._sys_sep)
            # no data output for initial configuration
            sys_df.index += 2
            sys_df.loc[1] = [np.nan for _ in sys_df.columns]
            sys_df.sort_index(inplace=True)
            
            if sys_df.shape[0] < step:
                raise RuntimeError('the system data does not contain data for each step, \
                                    perhaps use the incl_sys_data=False in setup_data method')
                
            s1 = sys_df.loc[step]            
        else:
            s1 = pd.Series()
        
        if self._atom_path:            
            # ensure systems data doesn't already contain bounding box variable names
            for var in ['origin','a','b','c']:
                if var in s1.index:
                    old_var = s1.pop(var)
                    s1['sys_{0}'.format(var)] = old_var  

            origin,a,b,c = self._get_simulation_box(step)
            s2 = pd.Series([origin,a,b,c],index=['origin','a','b','c'])
        else:
            s2 = pd.Series()
        
        return pd.concat([s1,s2])
                        
    def _get_atom_data(self, step):
        """ return pandas.DataFrame         
        """
        if self._single_atom_file:
            current_step = 1
            with open(self._atom_path, 'r') as f:
                for line in f:
                    if 'ITEM: TIMESTEP' in line: 
                        
                        if step==current_step:
                            atoms_df =  self._extract_atom_data(f, self._unscale)
                            self._add_colors(atoms_df)
                            self._add_radii(atoms_df)
                            return atoms_df
                        else:
                            current_step+=1
                            # find the number of atoms and skip that many lines
                            line = self._skiplines(f, 3)
                            self._skiplines(f, int(line.split()[0])+5) 
            
            if current_step>1:
                raise IOError("timestep {0} exceeds maximum ({1})".format(
                                                        step, current_step-1))
            else:
                raise IOError("atom file of wrong format")
        elif not self._single_atom_file:
            if len(self._atom_path) < step:
                raise IOError("timestep {0} exceeds maximum ({1})".format
                                                (step, len(self._atom_path)-1))
            with open(self._atom_path[step-1], 'r') as f:
                for line in f:
                    if 'ITEM: TIMESTEP' in line: 
                        atoms_df =  self._extract_atom_data(f, self._unscale)
                        self._add_colors(atoms_df)
                        self._add_radii(atoms_df)
                        return atoms_df
                        
            raise IOError("atom file of wrong format")
        
    
    def _extract_atom_data(self, f, unscale_coords=True):
        """ """
        xy, xz, yz = 0., 0., 0.
        
        line = self._skiplines(f, 1)
        #time = int(line.split()[0])
        line = self._skiplines(f, 2)
        num_atoms = int(line.split()[0])
        line = self._skiplines(f, 2)
        xlo_bound, xhi_bound = [float(line.split()[0]), float(line.split()[1])]
        if len(line.split()) == 3:
            xy = float(line.split()[2])
        line = self._skiplines(f, 1)
        ylo_bound, yhi_bound = [float(line.split()[0]), float(line.split()[1])]
        if len(line.split()) == 3:
            xz = float(line.split()[2])
        line = self._skiplines(f, 1)
        zlo_bound, zhi_bound = [float(line.split()[0]), float(line.split()[1])]
        if len(line.split()) == 3:
            yz = float(line.split()[2])
        line = self._skiplines(f, 1)
        headers = line.split()[2:]
        atoms = []
        for atom in range(num_atoms):
            line = self._skiplines(f, 1)
            atoms.append(np.array(line.split(),dtype=float))
        atoms_df = pd.DataFrame(atoms, columns=headers)
        
        #fix legacy issue
        atoms_df.rename(columns={'xs': 'x', 'ys': 'y', 'zs':'z'}, inplace=True)

        if unscale_coords:
            self._unscale_coords(atoms_df, 
                                 xlo_bound, xhi_bound, 
                                 ylo_bound, yhi_bound, 
                                 zlo_bound, zhi_bound, 
                                 xy, xz, yz)        

        return atoms_df
        
    def _unscale_coords(self, atoms_df, 
                        xlo_bound, xhi_bound, ylo_bound, yhi_bound, 
                        zlo_bound, zhi_bound, xy, xz, yz):
        """
        By default, atom coords are written in a scaled format (from 0 to 1), 
        i.e. an x value of 0.25 means the atom is at a location 1/4 of the 
        box boundaries 'a' vector. 
        http://lammps.sandia.gov/doc/dump.html?highlight=dump
        """
        xlo, xhi = xlo_bound - min(0.0,xy,xz,xy+xz), xhi_bound - max(0.0,xy,xz,xy+xz)
        ylo, yhi = ylo_bound - min(0.0,yz), yhi_bound - max(0.0,yz)
        zlo, zhi = zlo_bound, zhi_bound

        a,b,c = np.array([[xhi-xlo,0.,0.],[xy,yhi-ylo,0.],[xz,yz,zhi-zlo]])
        origin = np.array([xlo,ylo,zlo])
        
        new_coords = (np.array([atoms_df['x'].values]).transpose() * a + 
               np.array([atoms_df['y'].values]).transpose() * b + 
               np.array([atoms_df['z'].values]).transpose() * c + 
               origin) 
        atoms_df[['x','y','z']] = new_coords

    def _get_atom_timestep(self, step):
        """ return simulation step, according to atom data """
        if self._single_atom_file:
            current_step = 1
            with open(self._atom_path, 'r') as f:
                for line in f:
                    if 'ITEM: TIMESTEP' in line: 
                        
                        if step==current_step:
                            return self._extract_time_data(f)
                        else:
                            current_step+=1
                            # find the number of atoms and skip that many lines
                            line = self._skiplines(f, 3)
                            self._skiplines(f, int(line.split()[0])+5) 
            
            if current_step>1:
                raise IOError("timestep {0} exceeds maximum ({1})".format(
                                                        step, current_step-1))
            else:
                raise IOError("atom file of wrong format")
        else:
            if len(self._atom_path) < step:
                raise IOError("timestep {0} exceeds maximum ({1})".format
                                                (step, len(self._atom_path)-1))
            with open(self._atom_path[step-1], 'r') as f:
                for line in f:
                    if 'ITEM: TIMESTEP' in line: 
                        return self._extract_time_data(f)
            raise IOError("atom file of wrong format")

    def _extract_time_data(self, f):
        """ """
        line = self._skiplines(f, 1)
        time = int(line.split()[0])
        
        return time
        
    def _get_simulation_box(self, step):
       """ return list of coordinates origin,a,b,c """
       if self._single_atom_file:
            current_step = 1
            with open(self._atom_path, 'r') as f:
                for line in f:
                    if 'ITEM: TIMESTEP' in line: 
                        
                        if step==current_step:
                            return self._extract_simulation_box(f)
                        else:
                            current_step+=1
                            # find the number of atoms and skip that many lines
                            line = self._skiplines(f, 3)
                            self._skiplines(f, int(line.split()[0])+5) 
            
            if current_step>1:
                raise IOError("timestep {0} exceeds maximum ({1})".format(
                                                        step, current_step-1))
            else:
                raise IOError("atom file of wrong format")
       else:
            if len(self._atom_path) < step:
                raise IOError("timestep {0} exceeds maximum ({1})".format
                                                (step, len(self._atom_path)-1))
            with open(self._atom_path[step-1], 'r') as f:
                for line in f:
                    if 'ITEM: TIMESTEP' in line: 
                        return self._extract_simulation_box(f)
            raise IOError("atom file of wrong format")

    def _extract_simulation_box(self, f):
        """ """
        xy, xz, yz = 0., 0., 0.
        
        line = self._skiplines(f, 1) # to time
        line = self._skiplines(f, 2) # to number of atoms
        line = self._skiplines(f, 2) # to simulation box
        xlo_bound, xhi_bound = [float(line.split()[0]), float(line.split()[1])]
        if len(line.split()) == 3:
            xy = float(line.split()[2])
        line = self._skiplines(f, 1)
        ylo_bound, yhi_bound = [float(line.split()[0]), float(line.split()[1])]
        if len(line.split()) == 3:
            xz = float(line.split()[2])
        line = self._skiplines(f, 1)
        zlo_bound, zhi_bound = [float(line.split()[0]), float(line.split()[1])]
        if len(line.split()) == 3:
            yz = float(line.split()[2])
       
        xlo, xhi = xlo_bound - min(0.0,xy,xz,xy+xz), xhi_bound - max(0.0,xy,xz,xy+xz)
        ylo, yhi = ylo_bound - min(0.0,yz), yhi_bound - max(0.0,yz)
        zlo, zhi = zlo_bound, zhi_bound

        return (xlo,ylo,zlo), (xhi-xlo,0.,0.),(xy,yhi-ylo,0.),(xz,yz,zhi-zlo)
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  Source code for ipymd.atom_analysis.spectral

# -*- coding: utf-8 -*-
"""
Created on Tue Jul 12 20:18:04 2016

Derived from:  
LAMMPS - Large-scale Atomic/Molecular Massively Parallel Simulator
http://lammps.sandia.gov, Sandia National Laboratories
Steve Plimpton, sjplimp@sandia.gov
Copyright (2003) Sandia Corporation.  Under the terms of Contract
DE-AC04-94AL85000 with Sandia Corporation, the U.S. Government retains
certain rights in this software.  This software is distributed under
the GNU General Public License.
https://github.com/lammps/lammps/tree/lammps-icms/src/USER-DIFFRACTION
   
This package contains the commands neeed to calculate x-ray and
electron diffraction intensities based on kinematic diffraction 
theory. Detailed discription of the computation can be found in the
following works:

Coleman, S.P., Spearot, D.E., Capolungo, L.  (2013) Virtual 
diffraction analysis of Ni [010] symmetric tilt grain boundaries, 
Modelling and Simulation in Materials Science and Engineering, 21 
055020. doi:10.1088/0965-0393/21/5/055020

Coleman, S.P., Sichani, M.M., Spearot, D.E.  (2014) A computational 
algorithm to produce virtual x-ray and electron diffraction patterns 
from atomistic simulations, JOM, 66 (3), 408-416. 
doi:10.1007/s11837-013-0829-3 

Coleman, S.P., Pamidighantam, S. Van Moer, M., Wang, Y., Koesterke, L. 
Spearot D.E (2014) Performance improvement and workflow development 
of virtual diffraction calculations, XSEDE14, 
doi:10.1145/2616498.2616552


@author: chris sewell
"""
#TODO Averaging over (thermal) phase space
#TODO Analysis of triclinic cells
#TODO Calculation of structure factor coefficients from atom charge & type (rather than pre-defining ionic state)
#TODO fast fourier transform?
#TODO parallelization of fourier summation (http://ipyparallel.readthedocs.io/en/latest/intro.html#getting-started)

import math
import numpy as np
import pandas as pd

from ..shared import get_data_path
from . import data
from . import basic
from .. import plotting

def _set_thetas(min2theta=1.,max2theta=179.):
    """ set min and max angles to assess

    Properties
    ----------
    min2theta : float
        minimum 2 theta range to explore (degrees)
    max2theta : float
        maximum 2 theta range to explore (degrees)
    
    Returns
    -------
    min_theta : float
        minimum theta range to explore (radians)
    max_theta : float
        maximum theta range to explore (radians)

    """
    # Process angles
    min_theta = math.radians(min2theta) / 2.
    max_theta = math.radians(max2theta) / 2.
    return min_theta, max_theta

def _original_compute_rmesh(sim_abc, wlambda, min_theta, max_theta,
                  rspace=[1,1,1], periodic=[True,True,True], manual=False):
    """Compute full reciprocal lattice mesh, here for prosperity
    
    Properties
    ----------
    sim_abc : numpy.array((3,3))
        a,b,c cell vectors (length units)
    wlambda : float
        radiation wavelength (length units)
        x-rays usually in the range 0.1 to 100 Angstroms
    min_theta : float
        minimum theta range to explore (radians)
    max_theta : float
        maximum theta range to explore (radians)
    rspace : list of floats
        parameters to multiply the spacing of the reciprocal lattice nodes 
        in the h, k, and l directions respectively
    periodic : list of bools
        whether periodic boundary in the h, k, and l directions respectively
    manual : bool
        use manual spacing of reciprocal lattice points based on the values of the rspac parameters 
        (good for comparing diffraction results from multiple simulations, but small rspace required).
        
    Returns
    -------
    rmesh : np.array((N,3))
        mesh of k points defining reciprocal lattice
    
    """
    # get cell parameters
    a,b,c,alpha,beta,gamma = basic.lattparams_bb(sim_abc)
    cell_lenghts = (a,b,c)
    if not np.allclose([alpha,beta,gamma],[90,90,90]):
        raise ValueError("Compute XRD does not work with triclinic structures")
    
    # maximum reciprocal lattice vector |K|, 
    # calculated from Bragg's law 
    Kmax = 2 * math.sin(max_theta) / wlambda 
        
    # Calculate spacing between reciprocal lattice points
    # Using distance based on periodic repeating distance
    if manual:
        inv_cell_lengths = [1.0,1.0,1.0]
    else:
        if not np.any(periodic):
            raise ValueError("Compute XRD must have at least one periodic boundary unless manual spacing specified")
        
        # calc inverse dimension for periodic directions
        inv_cell_lengths = [1./cell_lenghts[i] if periodic[i] else np.nan for i in range(3)]
        ave_inv = np.nanmean(inv_cell_lengths)

        # Use the average inverse dimensions for non-periodic directions
        inv_cell_lengths = [icl if periodic[i] else ave_inv for i,icl in enumerate(inv_cell_lengths)]
        
    # resolution (i.e. spacing) of reciprocal space points
    dK = [inv_cell_lengths[i] * rspace[i] for i in range(3)]
    # maximum integer value for K points in each dimension
    Knmax = [math.ceil(Kmax / dK[i]) for i in range(3)]
    
    # create the full reprocal lattice indices grid
    rmesh = np.mgrid[-Knmax[0]:Knmax[0]+1:1, 
               -Knmax[1]:Knmax[1]+1:1, 
               -Knmax[1]:Knmax[1]+1:1].reshape(3,-1).T
    
    # resize reciprocal mesh to correct spacing
    for i in range(3):
        rmesh[:,i] *= dK[i]
    
    return rmesh

def _compute_rmesh_triclinic(sim_abc, wlambda, min_theta, max_theta,
                              rspace=[1.,1.,1.],manual=False,periodic=[True,True,True]):
    """Compute full reciprocal lattice mesh
    
    Properties
    ----------
    sim_abc : numpy.array((3,3))
        a,b,c cell vectors (length units)
    wlambda : float
        radiation wavelength (length units)
        x-rays usually in the range 0.1 to 100 Angstroms
    min_theta : float
        minimum theta range to explore (radians)
    max_theta : float
        maximum theta range to explore (radians)
    rspace : list of floats
        parameters to multiply the spacing of the reciprocal lattice nodes 
        in the h, k, and l directions respectively
    manual : bool
        use manual spacing of reciprocal lattice points based on the values of the rspace parameters 
        (good for comparing diffraction results from multiple simulations, but small rspace required).
    periodic : list of bools
        whether periodic boundary in the h, k, and l directions respectively
        
    Returns
    -------
    rmesh : np.array((N,3))
        mesh of k points defining reciprocal lattice
    
    """        
    if not np.any(periodic):
        raise ValueError('at least one direction must be periodic')
    
    # maximum reciprocal lattice vector |K|, 
    # calculated from Bragg's law 
    Kmax = 2 * math.sin(max_theta) / wlambda 
        
    # Calculate the rimitive reciprocal lattice vectors
    a,b,c = sim_abc
    a_recip = np.cross(b,c)/(np.dot(a,np.cross(b,c)))
    b_recip = np.cross(c,a)/(np.dot(a,np.cross(b,c)))
    c_recip = np.cross(a,b)/(np.dot(a,np.cross(b,c)))
    
    recip_lengths = map(np.linalg.norm, [a_recip,b_recip,c_recip])
    
    # get mean length of periodic directions
    mean_length = np.mean(np.array(recip_lengths)[np.array(periodic)])
    # set non-periodic directions as the mean length of periodic ones
    recip_lengths = [r if p else mean_length for r,p in zip(recip_lengths,periodic)]
        
    # maximum integer value for K points in each dimension
    Knmax = [math.ceil(Kmax / (recip_lengths[i]*rspace[i])) for i in range(3)]
    
    # create the full reciprocal lattice indices grid
    imesh = np.mgrid[-Knmax[0]:Knmax[0]+1:1, 
               -Knmax[1]:Knmax[1]+1:1, 
               -Knmax[1]:Knmax[1]+1:1].reshape(3,-1).T

    if not manual:
        # calulate reciprocal lattice
        rmesh = (np.einsum('j,i->ji',imesh[:,0],a_recip)*rspace[0] + 
                 np.einsum('j,i->ji',imesh[:,1],b_recip)*rspace[1] + 
                 np.einsum('j,i->ji',imesh[:,2],c_recip)*rspace[2])     
    else:
        # calulate reciprocal lattice
        rmesh = (imesh[:,0]*rspace[0] + 
                 imesh[:,1]*rspace[1] + 
                 imesh[:,2]*rspace[2]) 
    
    return rmesh
    
def _restrict_rmesh(rmesh, wlambda, min_theta, max_theta):
    """filter mesh points to only those in Eswald's sphere 
    (and angular limits)
    
    Parameters
    ----------
    rmesh : np.array((N,3))
        mesh of k points defining reciprocal lattice
    wlambda : float
        radiation wavelength (length units)
        x-rays usually in the range 0.1 to 100 Angstroms
    min_theta : float
        minimum theta range to explore (radians)
    max_theta : float
        maximum theta range to explore (radians)

    Returns
    -------
    rmesh_sphere : np.array((N,3))
        mesh of k points defining reciprocal lattice, 
        retricted to Eswald's shere (and angular limits)
    k_mods : np.array((N,1))
         modulus for each k-point
    thetas : np.array((N,1))
        angles for each k-point (radians)

    """
    # calculate the length (squared) of each mesh vector
    K_sqr = np.sum(np.square(rmesh),axis=1)
    # select only mesh points within the Eswald sphere radius
    radius_mask = K_sqr * wlambda**2 <= 2**2 # i.e. (2sin(pi))^2
    # calculate the angle of each remaining mesh vector
    K = np.sqrt(K_sqr[radius_mask])
    theta = np.arcsin(wlambda * np.sqrt(K_sqr[radius_mask]) * 0.5)
    # select only mesh points within the angular limits
    angle_mask = np.logical_and(theta <= max_theta, theta >= min_theta)
    # return remaining mesh points
    return rmesh[radius_mask][angle_mask], K[angle_mask], theta[angle_mask]

[docs]def get_sf_coeffs():
    datapath = get_data_path('xray_scattering_factors_coefficients.csv',
                             module=data)
    return pd.read_csv(datapath, index_col=0,comment='#')


def _calc_struct_factors(atoms_df,rmesh_sphere,k_mods):
    """ calculate atomic scattering factors, fj, 
    for each atom at each reciprocal lattice point

    Parameters
    ----------
    atoms_df : pandas.DataFrame
        a dataframe of info for each atom, including columns; x,y,z,type
    rmesh_sphere : np.array((N,3))
        mesh of k points defining reciprocal lattice, 
        retricted to Eswald's shere (and angular limits)
    k_mods : np.array((N,1))
         modulus for each k-point, only required for calclating Lorentz-polarization factor

    Returns
    -------
    intensities : dict(np.array((N,1)))
         structure factor for each k-point (values), for each atom type (keys)

    """
    
    # calculate (|K|/2)^2
    K_2_sqr = (0.5*k_mods)**2

    # get the structure factor coefficients
    sf_coeffs_df = get_sf_coeffs()
    
    struct_factors = {}
    for atype in atoms_df.type.unique():
        sfs = sf_coeffs_df.loc[atype]
        struct_factors[atype] = 0
        struct_factors[atype] += sfs.A1 * np.exp(-sfs.B1*K_2_sqr)
        struct_factors[atype] += sfs.A2 * np.exp(-sfs.B2*K_2_sqr)
        struct_factors[atype] += sfs.A3 * np.exp(-sfs.B3*K_2_sqr)
        struct_factors[atype] += sfs.A4 * np.exp(-sfs.B4*K_2_sqr)
        struct_factors[atype] += sfs.C
    
    return struct_factors

def _calc_intensities(atoms_df, rmesh_sphere, wlambda, struct_factors,
                     thetas=None,k_mods=None,use_Lp=True):
    """ calculate diffraction intensities for each atom at each reciprocal lattice point

    Parameters
    ----------
    atoms_df : pandas.DataFrame
        a dataframe of info for each atom, including columns; x,y,z,type
    rmesh_sphere : np.array((N,3))
        mesh of k points defining reciprocal lattice, 
        retricted to Eswald's shere (and angular limits)
    wlambda : float
        radiation wavelength (length units)
        x-rays usually in the range 0.1 to 100 Angstroms
    k_mods : np.array((N,1))
         modulus for each k-point, only required for calclating Lorentz-polarization factor
    thetas : np.array((N,1))
        angles for each k-point (radians), only required for calclating Lorentz-polarization factor
    use_Lp : bool
        switch to apply Lorentz-polarization factor

    Returns
    -------
    intensities : np.array((N,1))
         intensity for each k-point

    """
    # compute F(K)
    F = np.zeros(rmesh_sphere.shape[0]) + 0*1j
    for xyz,atype in zip(atoms_df[['x','y','z']].values, atoms_df.type):
        inner_dot = 2 * np.pi * np.dot(xyz,rmesh_sphere.T)
        F += struct_factors[atype] * (np.cos(inner_dot) + 1j*np.sin(inner_dot))
    # compute Lp(theta)
    if use_Lp:
        sin_thetas = 0.5*k_mods*wlambda
        Lp = (1+np.cos(2*thetas)**2)/(np.cos(thetas)*sin_thetas**2)
    else:
        Lp = 1.
    # calculate intensities
    return Lp*F*np.conjugate(F)/float(atoms_df.shape[0])


[docs]def compute_xrd(atoms_df, meta_data,wlambda, min2theta=1.,max2theta=179., lp=True,
                rspace=[1,1,1], manual=False,periodic=[True,True,True]):
    r"""Compute predicted x-ray diffraction intensities for a given wavelength
    
    Properties
    ----------
    atoms_df : pandas.DataFrame
        a dataframe of info for each atom, including columns; x,y,z,type
    meta_data : pandas.Series
        data of a,b,c crystal vectors (as tuples, e.g. meta_data.a = (0,0,1))
    wlambda : float
        radiation wavelength (length units)
        typical values are Cu Ka = 1.54, Mo Ka = 0.71 Angstroms
    min2theta : float
        minimum 2 theta range to explore (degrees)
    max2theta : float
        maximum 2 theta range to explore (degrees)
    lp : bool
        switch to apply Lorentz-polarization factor
    use_triclinic : bool
        use_triclinic     
    rspace : list of floats
        parameters to adjust the spacing of the reciprocal lattice nodes 
        in the h, k, and l directions respectively
    manual : bool
        use manual spacing of reciprocal lattice points based on the values of the c parameters 
        (good for comparing diffraction results from multiple simulations, but small c required).
    periodic : list of bools
        whether periodic boundary in the h, k, and l directions respectively

    Returns
    -------
    2thetas : np.array((N,1))
        2theta angles for each k-point (degrees)
    intensities : np.array((N,1))
         intensity for each k-point
    
    Notes
    -----
    This is an implementation of the virtual x-ray diffraction pattern algorithm
    by Coleman *et al*. [ref1]_
    
    The algorithm proceeds in the following manner:

    1. Define a crystal structure by position (x,y,z) and atom/ion type.
    2. Define the x-ray wavelength to use
    3. Compute the full reciprocal lattice mesh
    4. Filter reciprocal lattice points by those in the Eswald's sphere
    5. Compute the structure factor at each reciprocal lattice point, for each atom type
    6. Compute the x-ray diffraction intensity at each reciprocal lattice point
    7. Group and sum intensities by angle
    
    reciprocal points of the lattice are computed such that:
    
    .. math::
    
        \mathbf{K} = {m_{1}}\cdot \mathbf{b}_{1}+{m_{2}}\cdot \mathbf{b}_{2}+{m_{3}}\cdot \mathbf{b}_{3}
    
    where,
    
    .. math::

        \begin{aligned}
        \mathbf {b_{1}} &= {\frac {\mathbf {a_{2}} \times \mathbf {a_{3}} }{\mathbf {a_{1}} \cdot (\mathbf {a_{2}} \times \mathbf {a_{3}} )}}\\
        \mathbf {b_{2}} &= {\frac {\mathbf {a_{3}} \times \mathbf {a_{1}} }{\mathbf {a_{2}} \cdot (\mathbf {a_{3}} \times \mathbf {a_{1}} )}}\\
        \mathbf {b_{3}} &= {\frac {\mathbf {a_{1}} \times \mathbf {a_{2}} }{\mathbf {a_{3}} \cdot (\mathbf {a_{1}} \times \mathbf {a_{2}} )}}
        \end{aligned}
        
    The reciprocal k-point modulii of the x-ray is calculated from Bragg's law:    
    
    .. math::
    
        \left| {\mathbf{K}_{\lambda}} \right| = \frac{1}{{d_{\text{hkl}} }} = \frac{2\sin \left( \theta \right)}{\lambda }
        
    This is used to construct an Eswald's sphere, 
    and only reciprocal lattice ponts within are retained, as illustrated:
        
    .. image:: ../images/xrd_mesh.jpg
    
    The atomic scattering factors, fj, accounts for the reduction in 
    diffraction intensity due to Compton scattering, with coefficients based on 
    the electron density around the atomic nuclei.
    
    .. math::
    
        f_j \left(\frac{\sin \theta}{\lambda}\right)
         = \left[ \sum\limits^4_i a_i \exp \left( -b_i \frac{\sin^2 \theta}{\lambda^2} \right)\right] + c 
         = \left[ \sum\limits^4_i a_i \exp \left( -b_i \left(\frac{\left| {\mathbf{K}} \right|}{2}\right)^2 \right)\right] + c
    
    The relative diffraction intensity from x-rays is computed at each 
    reciprocal lattice point through:
    
    .. math::
    
        I_x(\mathbf{K}) = Lp(\theta) \frac{F(\mathbf{K})F^*(\mathbf{K})}{N}
        
    such that:
    
    .. math::
    
        F ({\mathbf{K}} )= 
        \sum\limits_{j = 1}^{N} {f_{j}.e^{\left( {2\pi i \, {\mathbf{K}} \cdot {\mathbf{r}}_{j} } \right)}} 
        = \sum\limits_{j = 1}^{N} {f_j.\left[ \cos \left( 2\pi \mathbf{K} \cdot \mathbf{r}_j \right) + i \sin \left( 2\pi \mathbf{K} \cdot \mathbf{r}_j \right) \right]}

    and the Lorentz-polarization factor is:

    .. math::

        Lp(\theta) = \frac{1+\cos^2 (2\theta)}{\cos(\theta)\sin^2(\theta)}    
    
    References
    ----------
    
    .. [ref1] 1.Coleman, S. P., Sichani, M. M. & Spearot, D. E. 
        A Computational Algorithm to Produce Virtual X-ray and Electron Diffraction 
        Patterns from Atomistic Simulations. JOM 66, 408–416 (2014).


    """
    sim_abc = np.asarray([meta_data.a,meta_data.b,meta_data.c])
    
    min_theta, max_theta = _set_thetas(min2theta,max2theta)    
    rmesh = _compute_rmesh_triclinic(sim_abc,wlambda,min_theta, max_theta,rspace, manual, periodic)
    rmesh_sphere, k_mods, thetas = _restrict_rmesh(rmesh,wlambda,min_theta, max_theta)
    struct_factors = _calc_struct_factors(atoms_df,rmesh_sphere,k_mods)
    I = _calc_intensities(atoms_df,rmesh_sphere,wlambda,struct_factors,thetas,k_mods,use_Lp=lp)
    
    return np.degrees(2*thetas), I


[docs]def plot_xrd_hist(ang2thetas, intensities, bins=180*100, wlambda=None,barwidth=None):
    """ create histogram plot of xrd spectrum
    
    Properties
    ----------
    barwidth : float or None
        if None then the barwidht will be the bin width
    
    Returns
    -------
    plot : ipymd.plotting.Plotting
        a plot object
    
    """
    I_hist, theta_edges = np.histogram(ang2thetas,bins=bins,
                                       weights=np.real(intensities),density=True)
    if barwidth is None:
        bin_width = (ang2thetas.max() - ang2thetas.min())/bins
    else:
        bin_width = barwidth
    theta_left = theta_edges[:-1]
    zero_mask = I_hist!=0
    
    plot = plotting.Plotter()
    plot.axes.bar(theta_left[zero_mask],I_hist[zero_mask],bin_width,
                     label=r'$\lambda = {0}$'.format(wlambda))
    plot.axes.set_xlabel(r'Scatteting Angle ($2 \theta$)')
    plot.axes.set_ylabel('Relative Intensity')
    plot.axes.set_yticklabels([])
    plot.axes.grid(True) 
    if wlambda is not None:
        plot.axes.legend(loc='upper right',framealpha=0.5)
    return plot


##TODO identification and classification of peaks    
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  Source code for ipymd.data_input.crystal

# -*- coding: utf-8 -*-
"""
Created on Mon May 16 01:23:11 2016

@author: cjs14

Adapted from chemlab which, in turn, was adapted from
ASE https://wiki.fysik.dtu.dk/ase/
Copyright (C) 2010, Jesper Friis

"""
import numpy as np
import pandas as pd

from ..shared import get_data_path
from . import spacegroup
from .spacegroup.spacegroup import Spacegroup
from .spacegroup.cell import cellpar_to_cell

from .base import DataInput

[docs]def get_spacegroup_df():
    """ dataframe of spacegroup mappings """
    sg_path =  get_data_path('spacegroups.csv',module=spacegroup)
    return pd.read_csv(sg_path, index_col=0)


[docs]class Crystal(DataInput):
    """Build a crystal from atomic positions, space group and cell
    parameters.

    """
[docs]    def setup_data(self, positions, atom_type, group,
            cellpar=[1.0, 1.0, 1.0, 90, 90, 90], repetitions=[1, 1, 1],
            mass_map={}, charge_map={}):
        """Build a crystal from atomic positions, space group and cell
        parameters (in Angstroms)
        
        Parameters
        -----------
    
        positions : list of coordinates
            A list of the fractional atomic positions 
        atom_type : list of atom type
            The atom types corresponding to the positions, the atoms will be
            translated in all the equivalent positions.
        group : int | str
            Space group given as its number in International Tables
            NB: to see mappings from Hermann–Mauguin notation, etc, 
            use the get_spacegroup_df function in this module
        repetitions :
            Repetition of the unit cell in each direction
        cellpar :
            Unit cell parameters (in Angstroms and degrees)
        mass_map : dict of atom masses
            mapping of atom masses to atom types
        charge_map : dict of atom charges
            mapping of atom charges to atom types
    
        This function was taken and adapted from the *spacegroup* module 
        found in `ASE <https://wiki.fysik.dtu.dk/ase/>`_.
    
        The module *spacegroup* module was originally developed by Jesper
        Frills.
        
        Example
        -------
        
        from ipymd.data_input import crystal
        c = crystal.Crystal([[0.0, 0.0, 0.0], [0.5, 0.5, 0.5]],
            ['Na', 'Cl'], 225,
            cellpar = [5.4, 5.4, 5.4, 90, 90, 90],
            repetitions = [5, 5, 5])
        c.get_atom_data()
        c.get_simulation_box()
    
        """
        sp = Spacegroup(group)
        sites, kind = sp.equivalent_sites(positions)
        
        nx, ny, nz = repetitions
        
        atoms = []
        aid = 1
        
        c1,c2,c3,c4,c5,c6 = cellpar 
        a,b,c = cellpar_to_cell([c1,c2,c3,c4,c5,c6])
        
        self._meta = pd.Series([(0.,0.,0.), tuple(a*nx), tuple(b*ny), tuple(c*nz)],
                                index=['origin','a','b','c'])
        
        for rx in range(nx):
            for ry in range(ny):
                for rz in range(nz):
                    for s, ki in zip(sites, kind):
                        atype = atom_type[ki]
                        x,y,z = s[0]*a +s[1]*b + s[2]*c + a*rx + b*ry + c*rz
                        atoms.append([aid,atype,x,y,z])
                        aid+=1
                
        self._atoms = pd.DataFrame(atoms,columns=['id','type','x','y','z'])
        
        if mass_map:
            self._atoms['mass'] = np.nan
            for typ in atom_type:
                self._atoms.loc[self._atoms['type']== typ,'mass'] = mass_map[typ]
        if charge_map:
            self._atoms['q'] = np.nan
            for typ in atom_type:
                self._atoms.loc[self._atoms['type']== typ,'q'] = charge_map[typ]

        self._add_colors(self._atoms)
        self._add_radii(self._atoms)
        self._data_set = True

  
    def _get_atom_data(self,step):
        """ return atom data """
        return self._atoms.copy()

    def _get_meta_data(self,step):
        """ return pandas.Series of coordinates origin, a, b & c """
        return self._meta.copy()

    def _count_configs(self):
        """ return int of total number of atomic configurations """
        return 1
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  Source code for ipymd.shared

# shared resources

import os
import inspect
import pandas as pd
from six import string_types

from .. import test_data
from . import atomdata
from . import transformations

[docs]def get_data_path(data, check_exists=False, module=test_data):
    """return a directory path to data within a module

    data : str or list of str
        file name or list of sub-directories and file name (e.g. ['lammps','data.txt'])   
    """
    basepath = os.path.dirname(os.path.abspath(inspect.getfile(module)))
    
    if isinstance(data, string_types): data = [data]
    
    dirpath = os.path.join(basepath, *data)
    
    if check_exists:
        assert os.path.exists(dirpath), '{0} does not exist'.format(dirpath)
    
    return dirpath

    
[docs]def atom_data():
    """return a dataframe of atomic data
    """
    path = get_data_path('element.txt',module=atomdata)
    df = pd.read_csv(path,comment='#')
    df.set_index('Symb',inplace=True)
    
    red = df.Red*255
    green = df.Green*255
    blue = df.Blue*255
    
    df['color'] = zip(red.values.astype(int),
                      green.values.astype(int),
                      blue.values.astype(int))
                      
    df.drop(['Red','Green','Blue'],axis=1,inplace=True)
    
    return df
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  Source code for ipymd

# -*- coding: utf-8 -*-
"""
Created on Sun May  1 22:46:22 2016

@author: cjs14
"""
# so tab completion works
from . import data_input
from . import data_output
from .visualise import visualise_sim
from . import atom_manipulation
from . import atom_analysis
from . import plotting 
from . import shared
from .shared.colors import available_colors
from .shared import get_data_path 

from ._version import __version__

[docs]def version():
    return __version__
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  Source code for ipymd.plotting.plotter

# -*- coding: utf-8 -*-
"""
Created on Fri Jul  1 16:45:06 2016

@author: cjs14
"""
import numpy as np
import matplotlib.pyplot as plt
from matplotlib import animation
from matplotlib.offsetbox import OffsetImage, AnnotationBbox
from PIL import Image
from io import BytesIO
from IPython import get_ipython, display

from IPython.display import HTML
from .JSAnimation.IPython_display import display_animation

[docs]def style(style):
    """A context manager to apply matplotlib style settings from a style specification.
    
    Popular styles include; default, ggplot, xkcd, and are used in the the following manner:
    
    ::
    
        with ipymd.plotting.style('default'):
            plot = ipymd.plotting.Plotter()
            plot.display_plot()

    Parameters
    ----------
    style : str, dict, or list
        A style specification. Valid options are:

        +------+-------------------------------------------------------------+
        | str  | The name of a style or a path/URL to a style file. For a    |
        |      | list of available style names, see `style.available`.       |
        +------+-------------------------------------------------------------+
        | dict | Dictionary with valid key/value pairs for                   |
        |      | `matplotlib.rcParams`.                                      |
        +------+-------------------------------------------------------------+
        | list | A list of style specifiers (str or dict) applied from first |
        |      | to last in the list.                                        |
        +------+-------------------------------------------------------------+

    """
    if style=='xkcd':
        return plt.xkcd()
    else: 
        return plt.style.context(style)    

    
[docs]class Plotter(object):
    """ a class to deal with data plotting """
    def __init__(self,nrows=1,ncols=1,figsize=(5,4)):
        """ a class to deal with data plotting 
        
        Attributes
        ----------
        figure : matplotlib.figure
            the figure
        axes : list or single matplotlib.axes
            if more than one then returns a list (ordered in reading direction),
            else returns one instance
            
        """
        #ensure IPython shows matplotlib in inline mode
        ipython = get_ipython()
        if ipython is not None:
            ipython.run_line_magic('matplotlib', 'inline')

        if nrows==0 and ncols==0:
            self._fig = plt.figure(figsize=figsize)
            self._axes = []
        else:
            self._fig, axes = plt.subplots(nrows,ncols,squeeze=False,figsize=figsize)
            self._axes = axes.flatten()
        plt.close()
    
    def _get_mplfigure(self):
        return self._fig

    def _set_mplfigure(self, fig):
        self._fig = fig
        self._axes = fig.get_axes()
            
    figure = property(_get_mplfigure, _set_mplfigure)
    
    def _get_axes(self):
        if len(self._axes) == 1:
            return self._axes[0]
        else:
            return self._axes
    
    axes = property(_get_axes)
    
[docs]    def display_plot(self, tight_layout=False):
        """ display plot in IPython 

        if tight_layout is True it may crop anything outside axes
        
        """
        ipython = get_ipython()
        if ipython is None:
            self._fig.show()
        else:        
            current_config = ipython.run_line_magic('config', "InlineBackend.print_figure_kwargs")
            new_config = current_config.copy()        
            if tight_layout:
                new_config['bbox_inches'] = 'tight'
            else:
                new_config['bbox_inches'] = None
    
            ipython.run_line_magic('config', 
                'InlineBackend.print_figure_kwargs = {0}'.format(new_config))
            
            display.display(self._fig)
    
            ipython.run_line_magic('config', 
                'InlineBackend.print_figure_kwargs = {0}'.format(current_config))        


[docs]    def get_image(self,size=300,dpi=300, tight_layout=False):
        """return as PIL image

        if tight_layout is True it may crop anything outside axes
        
        """
        bbox_inches = 'tight' if tight_layout else None
        buf = BytesIO()
        self._fig.savefig(buf, dpi=dpi,format='png',bbox_inches=bbox_inches)
        buf.seek(0)
        img = Image.open(buf)
        img.thumbnail((int(size),int(size)),Image.ANTIALIAS)
        buf.close()
        return img

    
[docs]    def resize_axes(self,width=0.8,height=0.8,left=0.1,bottom=0.1, axes=0):
        """ resiaze axes, for instance to fit object outside of it """
        self._axes[axes].set_position([left,bottom,width,height])

        
[docs]    def add_image(self, image, axes=0, interpolation="bicubic", hide_axes=True, 
                  width=1., height=1.,origin=(0.,0.), **kwargs):
        """add image to axes
        """        
        x0,y0=origin
        self._axes[axes].imshow(image, interpolation="bicubic", extent=(x0,x0+width,y0,y0+height) ,**kwargs)
        
        if hide_axes:
            self._axes[axes].get_xaxis().set_visible(False)
            self._axes[axes].get_yaxis().set_visible(False)
            self._axes[axes].set_frame_on(False)

    
    # from from http://matplotlib.org/examples/pylab_examples/demo_annotation_box.html
    # TODO resize axes automatically
[docs]    def add_image_annotation(self, img, xy=(0,0), arrow_xy=None, axes=0,
                  zoom=1, xytype='axes points', arrow_xytype='data',
                  arrowprops=dict(facecolor='black',
                                  arrowstyle="simple",
                                  connectionstyle="arc3,rad=0.2",
                                  alpha=0.4)):
        """ add an image to the plot 
        
        coordtype:
        
        ====================  ====================================================
        argument              coordinate system
        ====================  ====================================================
          'figure points'     points from the lower left corner of the figure
          'figure pixels'     pixels from the lower left corner of the figure
          'figure fraction'   0,0 is lower left of figure and 1,1 is upper right
          'axes points'       points from lower left corner of axes
          'axes pixels'       pixels from lower left corner of axes
          'axes fraction'     0,0 is lower left of axes and 1,1 is upper right
          'data'              use the axes data coordinate system
        ====================  ====================================================
        
        
        for arrowprops see http://matplotlib.org/users/annotations_guide.html#annotating-with-arrow
        """
        imagebox = OffsetImage(img, zoom=zoom)
        
        if arrow_xy is None:
            arrow_xy = (0,0)
            arrow_xytype='data'
            arrowprops={}
    
        ab = AnnotationBbox(imagebox, xy=arrow_xy,
                            xybox=xy,
                            xycoords=arrow_xytype,
                            boxcoords=xytype,#"offset points",
                            pad=0.5,
                            arrowprops=arrowprops,
                            )    
        self._axes[axes].add_artist(ab)


    
[docs]def animation_line(x_iter, y_iter, interval=20, xlim=(0,1),ylim=(0,1),
                 incl_controls=True, plot=None,ax=0,**plot_kwargs):
    """create an animation of multiple x,y data sets
    
    x_iter : iterable
        any iterable of x data sets, e.g. [[1,2,3],[4,5,6]] 
    y_iter : iterable
        an iterable of y data sets, e.g. [[1,2,3],[4,5,6]]
    interval : int
        draws a new frame every *interval* milliseconds  
    xlim : tuple
        the x_limits for the axes (ignored if using existing plotter)
    ylim : tuple
        the y_limits for the axes (ignored if using existing plotter)
    incl_controls : bool
        include Javascript play controls
    plot : ipymd.plotting.Plotter
        an existing plotter object
    ax : int
        the id number of the axes on which to plot (if using existing plotter) 
    plot_kwargs : various
        key word arguments to pass to plot method, e.g. marker='o', color='b', ...
    
    Returns
    -------
    html : IPython.core.display.HTML
        a html object
        
    Notes
    -----
    x_iter and y_iter can be yield functions such as:
    
    ::
    
        def y_iter(x_iter):
            for xs in x_iter:
                yield [i**2 for i in xs]
    
    This means that the values do not have to be necessarily pre-computed.
        
    """
    if plot is None:
        plotter = Plotter()
    else:
        plotter = plot
    if isinstance(plotter.axes, list):
        ax = plotter.axes[ax]
    else:
        ax = plotter.axes
    if plot is None:
        ax.set_xlim(xlim)
        ax.set_ylim(ylim)
    
    xiter = iter(x_iter)
    yiter = iter(y_iter)
    
    xy_plot, = ax.plot([], [], animated=True, **plot_kwargs)
    
    # initialization function: plot the background of each frame
    def init():
        xy_plot.set_data([], [])
        return (xy_plot,)
    
    # animation function. This is called sequentially
    def animate(i):
        try:
            xs = xiter.next()
            ys = yiter.next()
        except StopIteration:
            xs = []
            ys = []
        xy_plot.set_data(xs,ys)
        return (xy_plot,)            

    anim = animation.FuncAnimation(plotter.figure, animate, init_func=init,
                                   frames=x_iter, interval=interval, blit=True)
    
    if incl_controls:
        html =  display_animation(anim)
    else:
        html = HTML(anim.to_html5_video())
    
    # cleanup
    xy_plot.remove()
    
    return html


[docs]def animation_scatter(x_iter, y_iter, interval=20, xlim=(0,1),ylim=(0,1),
                 incl_controls=True, plot=None,ax=0,**plot_kwargs):
    """create an animation of multiple x,y data sets
    
    x_iter : iterable
        any iterable of x data sets, e.g. [[1,2,3],[4,5,6]] 
    y_iter : iterable
        an iterable of y data sets, e.g. [[1,2,3],[4,5,6]]
    interval : int
        draws a new frame every *interval* milliseconds  
    xlim : tuple
        the x_limits for the axes (ignored if using existing plotter)
    ylim : tuple
        the y_limits for the axes (ignored if using existing plotter)
    incl_controls : bool
        include Javascript play controls
    plot : ipymd.plotting.Plotter
        an existing plotter object
    ax : int
        the id number of the axes on which to plot (if using existing plotter) 
    plot_kwargs : various
        key word arguments to pass to plot method, e.g. marker='o', color='b', ...
    
    Returns
    -------
    html : IPython.core.display.HTML
        a html object
        
    Notes
    -----
    x_iter and y_iter can be yield functions such as:
    
    ::
    
        def y_iter(x_iter):
            for xs in x_iter:
                yield [i**2 for i in xs]
    
    This means that the values do not have to be necessarily pre-computed.
        
    """
    if plot is None:
        plotter = Plotter()
    else:
        plotter = plot
    if isinstance(plotter.axes, list):
        ax = plotter.axes[ax]
    else:
        ax = plotter.axes
    if plot is None:
        ax.set_xlim(xlim)
        ax.set_ylim(ylim)
    
    xiter = iter(x_iter)
    yiter = iter(y_iter)
    
    xy_plot = ax.scatter([], [], animated=True, **plot_kwargs)
    
    # initialization function: plot the background of each frame
    def init():
        xy_plot.set_offsets([])
        return (xy_plot,)
    
    # animation function. This is called sequentially
    def animate(i):
        try:
            xs = xiter.next()
            ys = yiter.next()
        except StopIteration:
            xs = []
            ys = []
        xy_plot.set_offsets(zip(xs,ys))
        return (xy_plot,)            

    anim = animation.FuncAnimation(plotter.figure, animate, init_func=init,
                                   frames=x_iter, interval=interval, blit=True)
    
    if incl_controls:
        html =  display_animation(anim)
    else:
        html = HTML(anim.to_html5_video())
    
    # cleanup
    xy_plot.remove()
    
    return html


[docs]def animation_contourf(x_iter, y_iter, z_iter, interval=20, 
                       xlim=(0,1),ylim=(0,1),zlim=(0,1.), 
                        cmap='viridis', cbar=True,
                        incl_controls=True, plot=None,ax=0,**plot_kwargs):
    """create an animation of multiple x,y data sets
    
    x_iter : iterable
        any iterable of x data sets, e.g. [[1,2,3],[4,5,6]] 
    y_iter : iterable
        an iterable of y data sets, e.g. [[1,2,3],[4,5,6]]
    y_iter : iterable
        an iterable of z(x,y) data sets, each set must be of shape (len(x), len(y))
    interval : int
        draws a new frame every *interval* milliseconds  
    xlim : tuple
        the x_limits for the axes (ignored if using existing plotter)
    ylim : tuple
        the y_limits for the axes (ignored if using existing plotter)
    zlim : tuple
        the z_limits for the colormap
    cmap : str or matplotlib.cm
        the colormap to use (see http://matplotlib.org/examples/color/colormaps_reference.html)
    incl_controls : bool
        include Javascript play controls
    plot : ipymd.plotting.Plotter
        an existing plotter object
    ax : int
        the id number of the axes on which to plot (if using existing plotter) 
    plot_kwargs : various
        key word arguments to pass to plot method, e.g. marker='o', color='b', ...
    
    Returns
    -------
    html : IPython.core.display.HTML
        a html object
        
    Notes
    -----
    x_iter and y_iter can be yield functions such as:
    
    ::
    
        def y_iter(x_iter):
            for xs in x_iter:
                yield [i**2 for i in xs]
    
    This means that the values do not have to be necessarily pre-computed.
        
    """
    if plot is None:
        plotter = Plotter()
    else:
        plotter = plot
    if isinstance(plotter.axes, list):
        ax = plotter.axes[ax]
    else:
        ax = plotter.axes
    if plot is None:
        ax.set_xlim(xlim)
        ax.set_ylim(ylim)
    
    xiter = iter(x_iter)
    yiter = iter(y_iter)
    ziter = iter(z_iter)    
    
    zmin, zmax = zlim
    
    # has to be in a list to pass between nested functions
    c_plot = [ax.contourf([0,1], [0,1], [[0,1],[0,1]],
                          vmin=zmin,vmax=zmax,cmap=cmap, 
                          animate=True,**plot_kwargs)]
    if cbar:
        plt.colorbar(c_plot[0], ax=ax)
        plt.close()
    
    
    # initialization function: plot the background of each frame
    def init():
        for coll in c_plot[0].collections:
            ax.collections.remove(coll)
        c_plot[0] = ax.contourf([0,1], [0,1], [[0,0],[0,0]],
                                vmin=zmin,vmax=zmax,cmap=cmap, 
                                animate=True,**plot_kwargs)        
        return c_plot[0].collections
    
    # animation function. This is called sequentially
    def animate(i):
        try:
            xs = xiter.next()
            ys = yiter.next()
            zs = ziter.next()
        except StopIteration:
            xs = []
            ys = []
            zs = []
            
        X, Y = np.meshgrid(xs, ys)
        
        for coll in c_plot[0].collections:
            ax.collections.remove(coll)
        
        c_plot[0] = ax.contourf(X,Y,zs,vmin=zmin,vmax=zmax,cmap=cmap,
                                animate=True,**plot_kwargs)        
        return c_plot[0].collections

    anim = animation.FuncAnimation(plotter.figure, animate, init_func=init,
                                   frames=x_iter, interval=interval, blit=True)
    
    if incl_controls:
        html =  display_animation(anim)
    else:
        html = HTML(anim.to_html5_video())
    
    # cleanup
    for coll in c_plot[0].collections:
        ax.collections.remove(coll)
    
    return html
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  Source code for ipymd.plotting.JSAnimation.IPython_display

from .html_writer import HTMLWriter
from matplotlib.animation import Animation
import matplotlib.pyplot as plt
import tempfile
import random
import os


__all__ = ['anim_to_html', 'display_animation']


class _NameOnlyTemporaryFile(object):
    """A context-managed temporary file which is not opened.

    The file should be accessible by name on any system.

    Parameters
    ----------
    suffix : string
        The suffix of the temporary file (default = '')
    prefix : string
        The prefix of the temporary file (default = '_tmp_')
    hash_length : string
        The length of the random hash.  The size of the hash space will
        be 16 ** hash_length (default=8)
    seed : integer
        the seed for the random number generator.  If not specified, the
        system time will be used as a seed.
    absolute : boolean
        If true, return an absolute path to a temporary file in the current
        working directory.

    Example
    -------

    >>> with _NameOnlyTemporaryFile(seed=0, absolute=False) as f:
    ...     print(f)
    ...
    _tmp_d82c07cd
    >>> os.path.exists('_tmp_d82c07cd')  # file removed after context
    False

    """
    def __init__(self, prefix='_tmp_', suffix='', hash_length=8,
                 seed=None, absolute=True):
        rng = random.Random(seed)
        self.name = '%s%0*x%s' % (prefix, hash_length,
                                  rng.getrandbits(4 * hash_length), suffix)
        if absolute:
            self.name = os.path.abspath(self.name)

    def __enter__(self):
        return self

    def __exit__(self, *exc_info):
        if os.path.exists(self.name):
            os.remove(self.name)


[docs]def anim_to_html(anim, fps=None, embed_frames=True, default_mode='loop'):
    """Generate HTML representation of the animation"""
    if fps is None and hasattr(anim, '_interval'):
        # Convert interval in ms to frames per second
        fps = 1000. / anim._interval

    plt.close(anim._fig)
    if hasattr(anim, "_html_representation"):
        return anim._html_representation
    else:
        # tempfile can't be used here: we need a filename, and this
        # fails on windows.  Instead, we use a custom filename generator
        #with tempfile.NamedTemporaryFile(suffix='.html') as f:
        with _NameOnlyTemporaryFile(suffix='.html') as f:
            anim.save(f.name,  writer=HTMLWriter(fps=fps,
                                                 embed_frames=embed_frames,
                                                 default_mode=default_mode))
            html = open(f.name).read()

        anim._html_representation = html
        return html



[docs]def display_animation(anim, **kwargs):
    """Display the animation with an IPython HTML object"""
    from IPython.display import HTML
    return HTML(anim_to_html(anim, **kwargs))



# This is the magic that makes animations display automatically in the
# IPython notebook.  The _repr_html_ method is a special method recognized
# by IPython.
Animation._repr_html_ = anim_to_html
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  Source code for ipymd.atom_manipulation

# -*- coding: utf-8 -*-
"""
Created on Mon May 16 08:15:13 2016

@author: cjs14
"""
import pandas as pd
import numpy as np
from scipy.spatial import ConvexHull
from matplotlib import cm
from matplotlib.colors import Normalize
from six import string_types

from .shared import atom_data
from .shared.transformations import transform_to_crystal, rotate_vectors

[docs]class Atom_Manipulation(object):
    """ a class to manipulate atom data
    
    atom_df : pandas.DataFrame
        containing columns; x, y, z, type
    """
    def __init__(self, atom_df, meta_series=None,undos=1):
        """ a class to manipulate atom data
        
        atom_df : pandas.DataFrame
            containing columns; x, y, z, type
        meta_series : pandas.Series
            containing columns; origin, a, b, c to define unit cell
            if none it will be constructed from the min/max x, y, z values
        undos : int
            number of past dataframes to save
        """
        assert set(atom_df.columns).issuperset(['x','y','z','type'])
        assert undos > 0
        
        if meta_series is None:
            meta_series = pd.Series([(atom_df.x.min(),atom_df.y.min(),atom_df.z.min()),
                                     (atom_df.x.max()-atom_df.x.min(),0.,0.),
                                     (0.,atom_df.y.max()-atom_df.y.min(),0.),
                                     (0.,0.,atom_df.z.max()-atom_df.z.min())],
                                     index=['origin','a','b','c'])
        else:
            assert set(meta_series.index).issuperset(['origin','a','b','c'])                
        
        self._atom_df = atom_df.copy()
        #the one on the left is the newest
        self._old_atom_df = [None]*undos
        self._original_atom_df = atom_df.copy()

        self._meta = meta_series.copy()
        self._old_meta = [None]*undos
        self._original_meta = meta_series.copy()

    @property
    def df(self):
        return self._atom_df.copy() 
    @property
    def meta(self):
        return self._meta.copy() 
    
    def _save(self):
        self._old_atom_df.pop() # remove the oldest (right)
        self._old_atom_df.insert(0,self._atom_df.copy()) # add newest left

        self._old_meta.pop() # remove the oldest (right)
        self._old_meta.insert(0,self._meta.copy()) # add newest left
        
[docs]    def undo_last(self):
        if self._old_atom_df[0] is not None:
               self._atom_df = self._old_atom_df.pop(0) # get newest left
               self._old_atom_df.append(None)  

               self._meta = self._old_meta.pop(0) # get newest left
               self._old_meta.append(None)  
        else:
            raise Exception('No previous dataframes')

        
[docs]    def revert_to_original(self):
        """ revert to original atom_df """
        self._save()
        self._atom_df = self._original_atom_df.copy()
        self._meta = self._original_meta.copy()

        
[docs]    def change_variables(self, map_dict, vtype='type'):
        """ change particular variables according to the map_dict """
        self._save()
        self._atom_df.replace({vtype:map_dict}, inplace=True)


[docs]    def change_type_variable(self, atom_type, variable, value, type_col='type'):
        """ change particular variable for one atom type """
        self._save()
        if not hasattr(value, '__iter__'):
            # there is df.loc, df.at or df.set_value, not sure which ones best
            self._atom_df.set_value(self._atom_df[type_col]==atom_type, variable, value)
        else:
            self._atom_df[variable] = self._atom_df[variable].astype(object) 
            df = self._atom_df
            # ensure all indexes are unique
            df.index.name = 'old_index'
            df.reset_index(drop=False,inplace=True)
            for indx in df.loc[df[type_col]==atom_type].index:
                df.set_value(indx,variable,value)
            self._atom_df = df.set_index('old_index')                

            
[docs]    def apply_map(self, vmap, column, default=False, type_col='type'):
        """ change values in a column, according to a mapping of another column

        Properties
        ----------
        vmap : dict or str
           A dictionary mapping values, or a string associated with a column in
           the ipymd.shared.atom_data() dataframe (e.g. color and RVdW)
        column : str
            the column to change
        default : various
            the default value to put when the type key cannot be found,
            if False then the original value will not be overwritten
           
        """
        if isinstance(vmap, string_types):
            df = atom_data()
            vmap = df[vmap].dropna().to_dict()
        
        self._atom_df = self._atom_df.copy()
        if default is not False:
            self._atom_df[column] = default
        for key, val in vmap.iteritems():
            self.change_type_variable(key, column, val, type_col)

        
[docs]    def color_by_index(self, cmap='jet', minv=None, maxv=None):
        """change colors to map index values 
        
        cmap : string
            the colormap to apply, see available at http://matplotlib.org/examples/color/colormaps_reference.html
        minv, maxv : float
            optional min, max cmap value, otherwise take min, max value found in column
            
        """
        colormap = cm.get_cmap(cmap)
        var = self._atom_df.index
        minval = var.min() if minv is None else minv
        maxval = var.max() if maxv is None else maxv
        norm = Normalize(minval, maxval,clip=True)
        
        self._save()
        self._atom_df.color = [tuple(col[:3]) for col in colormap(norm(var),bytes=True)]


[docs]    def color_by_variable(self, colname, cmap='jet', minv=None, maxv=None):
        """change colors to map 
        
        colname : string
            a coloumn of the dataframe that contains numbers by which to color
        cmap : string
            the colormap to apply, see available at http://matplotlib.org/examples/color/colormaps_reference.html
        minv, maxv : float
            optional min, max cmap value, otherwise take min, max value found in column
            
        """
        colormap = cm.get_cmap(cmap)
        var = self._atom_df[colname]
        minval = var.min() if minv is None else minv
        maxval = var.max() if maxv is None else maxv
        norm = Normalize(minval, maxval,clip=True)
        
        self._save()
        self._atom_df.color = [tuple(col[:3]) for col in colormap(norm(var),bytes=True)]


[docs]    def color_by_categories(self, colname, cmap='jet', sort=True):
        """change colors to map 
        
        colname : string
            a column of the dataframe that contains categories by which to color
        cmap : string
            the colormap to apply, see available at http://matplotlib.org/examples/color/colormaps_reference.html
            
        """
        colormap = cm.get_cmap(cmap)        
        cats = self._atom_df[colname]   
        unique_cats = cats.unique()
        if sort:
            unique_cats = sorted(unique_cats)
        num_cats = float(cats.nunique())
        
        #potential way to always have a string the same color
        #for cat in unique_cats:
            #[(ord(c)-97)/122. for c in cat.lower() if ord(c)>=97 and ord(c)<=122]        
        
        color_dict = dict([(cat,colormap(i/num_cats,bytes=True)[:3]) for i,cat in enumerate(unique_cats)])
        
        self._save()
        self._atom_df.color = cats.map(color_dict)

                
[docs]    def filter_variables(self, values, vtype='type'):
        if isinstance(values, int):
            values = [values]
        if isinstance(values, float):
            values = [values]
        if isinstance(values, string_types):
            values = [values]
        
        self._save()
        self._atom_df = self._atom_df[self._atom_df[vtype].isin(values)]        

            
#------------------------
# Geometric manipulation
            
[docs]    def repeat_cell(self,a=1,b=1,c=1,original_first=False):
        """ repeat atoms along a, b, c directions (and update unit cell)
    
        a : int or tuple
            repeats in 'a' direction, if tuple then defines repeats in -/+ direction
        b : int or tuple
            repeats in 'b' direction, if tuple then defines repeats in -/+ direction
        c : int or tuple
            repeats in 'c' direction, if tuple then defines repeats in -/+ direction
        original_first: bool
            if True, the original atoms will be first in the DataFrame
        """
        if isinstance(a, int):
            arange = range(0,abs(a)+1)
        else:
            arange = range(-abs(a[0]),abs(a[1])+1)
        if isinstance(b, int):
            brange = range(0,abs(b)+1)
        else:
            brange = range(-abs(b[0]),abs(b[1])+1)
        if isinstance(c, int):
            crange = range(0,abs(c)+1)
        else:
            crange = range(-abs(c[0]),abs(c[1])+1)
        
        avec = np.asarray(self._meta.a)
        bvec = np.asarray(self._meta.b)
        cvec = np.asarray(self._meta.c)        

        dfs = []
        if original_first:
            dfs.append(self._atom_df.copy())            
            
        for i in arange:
            for j in brange:
                for k in crange:
                    if i==0 and j==0 and k==0 and original_first:
                        continue
                    atom_copy = self._atom_df.copy()
                    atom_copy[['x','y','z']] = (atom_copy[['x','y','z']]
                                + i*avec  + j*bvec + k*cvec)
                    dfs.append(atom_copy)
        self._save()
        self._atom_df = pd.concat(dfs)
        #TODO check for identical atoms and warn
        
        origin = np.asarray(self._meta.origin)
        self._meta.origin = tuple(origin + arange[0]*avec + brange[0]*bvec + crange[0]*cvec)
        self._meta.a = tuple(avec*len(arange))
        self._meta.b = tuple(bvec*len(brange))
        self._meta.c = tuple(cvec*len(crange))

        
#    def _convert_basis_abc(self, xyz):
#        """ convert  x,y,z to a,b,c basis
#        
#        xyz : numpy.array((N,3))
#        """
#        origin = np.asarray(self._meta.origin)
#        avec = np.asarray(self._meta.a)
#        bvec = np.asarray(self._meta.b)
#        cvec = np.asarray(self._meta.c)
#        
#        lattparams_bb(np.asarray([self._meta.a,self._meta.b,self._meta.c]))
#        
#        # move to origin
#        xyz = xyz - origin
#        
#        # convert basis
#        basis = np.array([avec,bvec,cvec]).T
#        invbasis = np.linalg.inv(basis)
#        
#        abc = np.dot(invbasis,xyz.T).T
#        
#        return abc


#    def _convert_basis_xyz(self, abc):
#        """ convert  a,b,c to x,y,z  basis
#        
#        abc : numpy.array((N,3))
#        """
#        origin = np.asarray(self._meta.origin)
#        avec = np.asarray(self._meta.a)
#        bvec = np.asarray(self._meta.b)
#        cvec = np.asarray(self._meta.c)
#        
#        # convert basis
#        basis = np.array([avec,bvec,cvec]).T
#        xyz = np.dot(basis,abc.T).T
#        
#        # move from origin
#        xyz = xyz + origin
#        
#        return xyz
            
        
[docs]    def slice_fraction(self, amin=0, amax=1, bmin=0, bmax=1, cmin=0, cmax=1,
                       incl_max=False, update_uc=True,delta=0.01):
        """ slice along a,b,c directions (from origin) as fraction of vector length 

        incl_max : bool
            whether to slice < (False) <= (True) max values
        update_uc : bool
            update unit cell (a,b,c,origin) to match slice
        delta : float
            retain atoms within 'delta' fraction outside of slice plane)
        
        """
        self._save()
        
        abc = transform_to_crystal(self._atom_df[['x','y','z']].values,
                                 self._meta.a,self._meta.b,self._meta.c,
                                 self._meta.origin)

        if incl_max:
            mask = ((abc[:,0]>=amin-delta) & (abc[:,0]<=amax+delta) & 
                    (abc[:,1]>=bmin-delta) & (abc[:,1]<=bmax+delta) & 
                    (abc[:,2]>=cmin-delta) & (abc[:,2]<=cmax+delta)) 
        else:
            mask = ((abc[:,0]>=amin-delta) & (abc[:,0]<amax+delta) & 
                    (abc[:,1]>=bmin-delta) & (abc[:,1]<bmax+delta) & 
                    (abc[:,2]>=cmin-delta) & (abc[:,2]<cmax+delta))  

        self._atom_df = self._atom_df[mask] 
        
        if update_uc:
            origin = np.asarray(self._meta.origin)
            avec = np.asarray(self._meta.a)
            bvec = np.asarray(self._meta.b)
            cvec = np.asarray(self._meta.c)
            
            self._meta.origin = tuple(origin+amin*avec+bmin*bvec+cmin*cvec)
            self._meta.a = avec * (amax-amin)
            self._meta.b = bvec * (bmax-bmin)
            self._meta.c = cvec * (cmax-cmin)            

        
[docs]    def slice_absolute(self, amin=0, amax=None, bmin=0, bmax=None, cmin=0, cmax=None,
                       incl_max=False, update_uc=True, delta=0.01):
        """ slice along a,b,c directions (from origin) given absolute vector length 

        if amax, bmax or cmax is None, then will use the vector length    
        
        update_uc : bool
            update unit cell (a,b,c,origin) to match slice
        incl_max : bool
            whether to slice < (False) <= (True) max values
        delta : float
            retain atoms within 'delta' fraction outside of slice plane)
            
        """
        self._save()
        
        abc = transform_to_crystal(self._atom_df[['x','y','z']].values,
                                 self._meta.a,self._meta.b,self._meta.c,
                                 self._meta.origin)
        
        anorm = np.linalg.norm(self._meta.a)
        bnorm = np.linalg.norm(self._meta.b)
        cnorm = np.linalg.norm(self._meta.c)
        
        amax = anorm if amax is None else amax
        bmax = anorm if bmax is None else bmax
        cmax = anorm if cmax is None else cmax                            

        if incl_max:       
            mask = ((abc[:,0]>=(amin/anorm)-delta) & (abc[:,0]<=(amax/anorm)+delta) & 
                    (abc[:,1]>=(bmin/bnorm)-delta) & (abc[:,1]<=(bmax/bnorm)+delta) & 
                    (abc[:,2]>=(cmin/cnorm)-delta) & (abc[:,2]<=(cmax/cnorm)+delta)) 
        else:
            mask = ((abc[:,0]>=(amin/anorm)-delta) & (abc[:,0]<(amax/anorm)+delta) & 
                    (abc[:,1]>=(bmin/bnorm)-delta) & (abc[:,1]<(bmax/bnorm)+delta) & 
                    (abc[:,2]>=(cmin/cnorm)-delta) & (abc[:,2]<(cmax/cnorm)+delta)) 

        self._atom_df = self._atom_df[mask]                                          
                                    
        if update_uc:
            origin = np.asarray(self._meta.origin)
            avec = np.asarray(self._meta.a)
            bvec = np.asarray(self._meta.b)
            cvec = np.asarray(self._meta.c)
            
            self._meta.origin = tuple(origin+
                                      amin*avec/anorm + 
                                      bmin*bvec/bnorm + 
                                      cmin*cvec/cnorm)
            self._meta.a = avec * (amax-amin)/anorm
            self._meta.b = bvec * (bmax-bmin)/bnorm
            self._meta.c = cvec * (cmax-cmin)/cnorm            


[docs]    def translate(self, vector, update_uc=True):
        """translate atoms by vector
        
        vector : list
            x, y, z translation
        update_uc : bool
            update unit cell (a,b,c,origin) to match translation
        
        """
        x,y,z = vector
        self._save()
        self._atom_df.x += x
        self._atom_df.y += y
        self._atom_df.z += z
        
        if update_uc:
            self._meta.origin = np.array(self._meta.origin) + np.asarray(vector)

            
[docs]    def rotate(self, angle, vector=[1,0,0], update_uc=True):
        """rotate the clockwise about the given axis vector 
        by theta degrees.
        
        e.g. for rotate_atoms(90,[0,0,1]); [0,1,0] -> [1,0,0]
        
        angle : float
            rotation angle in degrees
        vector : iterable
            vector to rotate around [x0,y0,z0] 
        update_uc : bool
            update unit cell (a,b,c,origin) to match rotation

        """
        coords = self._atom_df[['x','y','z']].values
        new_coords = rotate_vectors(coords,vector,angle)
        self._save()
        self._atom_df[['x','y','z']] = new_coords
        
        if update_uc:
            self._meta.a = tuple(rotate_vectors(self._meta.a,vector,angle)[0])
            self._meta.b = tuple(rotate_vectors(self._meta.b,vector,angle)[0])
            self._meta.c = tuple(rotate_vectors(self._meta.c,vector,angle)[0])

        
    def _pnts_in_pointcloud(self, points, new_pts):
        """2D or 3D
        
        returns np.array(dtype=bool)
        """
        hull = ConvexHull(points)
        vol = hull.volume
        
        inside = []
        for pt in new_pts:
            new_hull = ConvexHull(np.append(points, [pt],axis=0))
            inside.append(vol == new_hull.volume)
        return np.array(inside)
    
[docs]    def filter_inside_pts(self, points):
        """return only atoms inside the bounding shape of a set of points 

        points : np.array((N,3))        
        """ 
        self._save()
        inside = self._pnts_in_pointcloud(points, self._atom_df[['x','y','z']].values)
        self._save()
        self._atom_df = self._atom_df[inside]


[docs]    def filter_inside_box(self, vectors, origin=np.zeros(3)):
        """return only atoms inside box
        
        vectors : np.array((3,3))
            a, b, c vectors
        origin : np.array((1,3))
        
        """
        a,b,c = vectors + origin
        points = [origin, a, b, a+b, c, a+c, b+c, a+b+c]
        self.filter_inside_pts(points)


[docs]    def filter_inside_hexagon(self, vectors, origin=np.zeros(3)):
        """return only atoms inside hexagonal prism
        
        vectors : np.array((2,3))
            a, c vectors
        origin : np.array((1,3))
        
        """
        a, c = vectors
        points = [self._rotate(a, c, angle) for angle in [0,60,120,180,240,300]]
        points += [p + c for p in points]
        points = np.array(points) + origin
        self.filter_inside_pts(points)


[docs]    def group_atoms_as_mols(self, atom_ids, name, remove_atoms=True, mean_xyz=True,
                            color='red',transparency=1.,radius=1.):
        """ combine atoms into a molecule
        atom_ids : list of lists
            list of dataframe indexes for each molecule
        name : string
            name of molecule
        remove_atoms : bool
            remove the grouped atoms from the dataframe
        mean_xyz : bool
            use the mean coordinate of atoms for molecule, otherwise use coordinate of first atom
            
        """
        df = self._atom_df.copy()
        # test no atoms in multiple molecules
        all_atoms = np.asarray(atom_ids).flatten()  
        assert len(set(all_atoms))==len(all_atoms), 'atoms in multiple molecules'

        mol_data = []
        for atoms in atom_ids:
            if mean_xyz:
                x,y,z = df.loc[atoms,['x','y','z']].mean().values
            else:
                x,y,z = df.loc[atoms[0],['x','y','z']].values
            mol_data.append([name,x,y,z,radius,color,transparency])
            
            if remove_atoms:
                df.drop(atoms, inplace=True)

        if mol_data:
            moldf = pd.DataFrame(mol_data,columns=['type','x','y','z','radius','color','transparency'])
            df = pd.concat([df,moldf])
        self._save()
        self._atom_df = df
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Whats New



v0.4.2 - Refactored to use meta data concept


Partitioning all data in to either atom level data or configuration (meta) level data





v0.4.1 - Updated Package Dependancies





v0.4.0 - Decoupled from chemlab


Integrated necessary chemlab packages into the ipymd api (mainly in ipymd.visualise.opengl), to allow for more control and flexibility with dependencies.





v0.3.0 - Refactored Analysis and Plotting


Also added initial xrd_analysis, xkcdify plots and more...





v0.2.0 - Early Stage Review


added vacancy identification, lattice parameter calculation, etc





v0.1.1 - DOI Release


Release to activate [Zenodo](https://zenodo.org) DOI assignment





v0.1.0 - First Release


Initial Release for use with conda
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  Source code for ipymd.data_output

# -*- coding: utf-8 -*-
"""
Created on Mon May 23 17:55:14 2016

@author: cjs14
"""
import os
import numpy as np
import datetime

from ._version import __version__

[docs]class Data_Output(object):
    """
    
    """
    def __init__(self, atom_df, abc, origin=np.zeros(3)):
        self._atom_df = atom_df.copy()
        self._abc = np.array(abc)
        self._origin = np.array(origin)
    
    def _save_xyz(self, outpath='out.xyz', overwrite=False,
                 header=''):

        if os.path.exists(outpath) and not overwrite:
            raise IOError('file already exists; {0}'.format(outpath))
        
        raise NotImplementedError
        
    def _save_gromacs(self, outpath='out.gro', overwrite=False,
                     header=''):

        if os.path.exists(outpath) and not overwrite:
            raise IOError('file already exists; {0}'.format(outpath))
        
        raise NotImplementedError

[docs]    def save_lammps(self, outpath='out.lammps', overwrite=False,
                    atom_type='atomic', header='', mass_map={}):
        """ to adhere to http://lammps.sandia.gov/doc/read_data.html?highlight=read_data 
        
        Parameters
        ----------
        outpath : string
            the output file name
        overwrite : bool
            whether to raise an error if the file already exists
        atom_type : str
            the lammps atom style, currently supports atomic or charge
        header : str
            text to put in the header
        mass_map : dict
            a mapping of atom types to mass
        
        Example
        -------
        In [1]: import pandas as pd
        In [2]: df = pd.DataFrame([['Fe',2,3,4,1],
                                  ['Cr',2,3,3,-1],
                                  ['Fe',4,3,1,1]],columns=['type','xs','ys','zs','q'])
        In [3]: from ipymd.data_output import Data_Output as data_out
        In [4]: data = data_out(df, [[1,0,0],[0,1,0],[0,0,1]])
        In [5]: data.save_lammps('test.lammps', atom_type='charge', overwrite=True,
                                header='my header')
        In [6]: cat test.lammps
        # This file was created by ipymd (v0.0.1) on 2016-05-23 20:51:16 
        # type map: {'Cr': 2, 'Fe': 1} 
        # my header 
        
        3 atoms 
        2 atom types 
        
        # simulation box boundaries
        0.0000 1.0000 xlo xhi 
        0.0000 1.0000 ylo yhi 
        0.0000 1.0000 zlo zhi 
        0.0000 0.0000 0.0000 xy xz yz 
        
        Atoms 
        
        1 1 1.0000 2.0000 3.0000 4.0000 
        2 2 -1.0000 2.0000 3.0000 3.0000 
        3 1 1.0000 4.0000 3.0000 1.0000 

        """
        if os.path.exists(outpath) and not overwrite:
            raise IOError('file already exists; {0}'.format(outpath))
        
        assert atom_type in ['atomic', 'charge']
        
        xlo, ylo, zlo = self._origin

        a, b, c = self._abc
        xhi = a[0] + xlo
        xy = b[0]
        yhi = b[1] + ylo
        xz = c[0]
        yz = c[1]
        zhi = c[2] + zlo        
        
        #xlo_bound = xlo + min(0.0,xy,xz,xy+xz)
        #xhi_bound = xhi + max(0.0,xy,xz,xy+xz)
        #ylo_bound = ylo + min(0.0,yz)
        #yhi_bound = yhi + max(0.0,yz)
        #zlo_bound = zlo
        #zhi_bound = zhi
        
        num_atoms = self._atom_df.shape[0] 
        types = self._atom_df['type'].unique()
        num_types = len(types)
        type_map = dict(zip(types, [i+1 for i in range(len(types))]))
        
        if mass_map:
            assert sorted(mass_map.keys()) == sorted(type_map.keys())

        with open(outpath, 'w+') as f:
            
            # header comments 
            f.write('# This file was created by ipymd (v{0}) on {1} \n'.format(
                    __version__, datetime.datetime.now().strftime("%Y-%m-%d %H:%M:%S")))
            f.write('# type map: {0} \n'.format(type_map))
            f.write('# {0} \n'.format(header))
            
            # header
            f.write('\n')
            f.write('{0} atoms \n'.format(num_atoms))
            f.write('{0} atom types \n'.format(num_types))
            f.write('\n')
            
            f.write('# simulation box boundaries\n')
            f.write('{0:.4f} {1:.4f} xlo xhi \n'.format(xlo, xhi))
            f.write('{0:.4f} {1:.4f} ylo yhi \n'.format(ylo, yhi))
            f.write('{0:.4f} {1:.4f} zlo zhi \n'.format(zlo, zhi))
            f.write('{0:.4f} {1:.4f} {1:.4f} xy xz yz \n'.format(xy, xz, yz))            
            f.write('\n')
            
            if mass_map:
                f.write('Masses\n')
                f.write('\n')
                for atype, mass in mass_map.iteritems():
                    f.write('{0} {1:.4f}\n'.format(type_map[atype],mass))
                f.write('\n')
            
            # body
            f.write('Atoms \n')
            f.write('\n')
            
            for i, (ix, s) in enumerate(self._atom_df.iterrows()):
                if atom_type == 'atomic':
                    f.write('{0} {1} {3:.4f} {4:.4f} {5:.4f} \n'.format(
                    i+1, type_map[s.type], *s[['x','y','z']].values))
                elif atom_type == 'charge':
                    f.write('{0} {1} {2:.4f} {3:.4f} {4:.4f} {5:.4f} \n'.format(
                    i+1, type_map[s.type], *s[['q','x','y','z']].values))
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  Source code for ipymd.visualise.visualise_sim

# -*- coding: utf-8 -*-
"""
Created on Sun May  1 23:47:03 2016

@author: cjs14
"""
from io import BytesIO
import numpy as np
from six import string_types

from IPython.display import Image as ipy_Image
from PIL import Image, ImageChops, ImageDraw, ImageFont

from ..shared.colors import get as str_to_colour
from ..shared import fonts
from ..shared import get_data_path
from .opengl.qtviewer import QtViewer
from .opengl.renderers.line import LineRenderer
from .opengl.renderers.atom import AtomRenderer
from .opengl.renderers.triangle import TriangleRenderer
from .opengl.renderers.box import BoxRenderer
from .opengl.renderers.hexagon import HexagonRenderer
#from .opengl.postprocessing import (FXAAEffect, GammaCorrectionEffect, 
#                                             OutlineEffect, SSAOEffect)

[docs]class Visualise_Sim(object):
    """ 
    A class to visualise atom data    
    """
    _unit_dict = {'real':{'distance':0.1}}
    
    def __init__(self, units='real'):
        """
        colormap: dict, should contain the 'Xx' key,value pair
           A dictionary mapping atom types to colors. By default it is the color
           scheme provided by `chemlab.graphics.colors.default_atom_map`. The 'Xx'
           symbol value is taken as the default color.        
        radii_map: dict, should contain the 'Xx' key,value pair.
           A dictionary mapping atom types to radii. The default is the
           mapping contained in `chemlab.db.vdw.vdw_dict`        
        For units *real*, these are the units:
        
            mass = grams/mole
            distance = Angstroms
            time = femtoseconds
            energy = Kcal/mole
            velocity = Angstroms/femtosecond
            force = Kcal/mole-Angstrom
            torque = Kcal/mole
            temperature = Kelvin
            pressure = atmospheres
            dynamic viscosity = Poise
            charge = multiple of electron charge (1.0 is a proton)
            dipole = charge*Angstroms
            electric field = volts/Angstrom
            density = gram/cm^dim
        """
        assert units=='real', 'currently only supports real units'
        self._units = units
        
        # rendered objects
        self._atoms = []
        self._boxes = []
        self._hexagons = []
        self._axes = None
        self._triangles = []
        
[docs]    def remove_all_objects(self):
        self._atoms = []
        self._boxes = []
        self._hexagons = []
        self._axes = None
        self._triangles = []                

                
[docs]    def add_atoms(self, atoms_df, spheres=True, illustrate=False):
        """ add atoms to visualisation

        atoms_df : pandas.DataFrame
            a table of atom data, must contain columns;  
            x, y, z, radius, color and transparency
        spheres : bool
            whether the atoms are rendered as spheres or points
        illustrate : str
            if True, atom shading is more indicative of an illustration
        """
        assert set(['x','y','z','radius','color','transparency']).issubset(set(atoms_df.columns))
        
        r_array = np.array(atoms_df[['x','y','z']])
        r_array = self._unit_conversion(r_array, 'distance')
        
        radii = np.array(atoms_df['radius'])
        radii = self._unit_conversion(radii, 'distance')
        
        cols = atoms_df['color'].apply(
                lambda x: str_to_colour(x) if isinstance(x,string_types) else list(x) + [255]).tolist()
        if None in cols:
            raise ValueError('one or more colors not found')
        cols = np.array(cols)
        alphas = np.array(atoms_df['transparency'])
        
        #type_array = atoms_df['type'].map(lambda x: type_map.get(x,x)).tolist()
        
        backend = 'impostors' if spheres else 'points'
        
        shading = 'toon' if illustrate else 'phong'
        
        assert max(alphas) <= 1. and min(alphas) > 0., 'transparency must be between 0 and 1'

        self._atoms.append([r_array, radii, cols, alphas, backend, shading])   

        
[docs]    def remove_atoms(self, n=1):
        """ remove the last n sets of atoms to be added """
        assert len(self._atoms) >= n
        self._atoms = self._atoms[:-n]


        
[docs]    def add_box(self, a,b,c, origin=[0,0,0], color='black', width=1):
        """ add wireframed box to visualisation
        
       a : np.ndarray(3, dtype=float)
          The a vectors representing the sides of the box.
       b : np.ndarray(3, dtype=float)
          The b vectors representing the sides of the box.
       c : np.ndarray(3, dtype=float)
          The c vectors representing the sides of the box.
       origin : np.ndarray((3,3), dtype=float), default to zero
          The origin of the box.
        color : str
          the color of the wireframe, in chemlab colors
          
        """
        vectors = self._unit_conversion(np.array([a,b,c]), 'distance')
        origin = self._unit_conversion(np.array(origin), 'distance')
        color = str_to_colour(color)
        
        self._boxes.append([vectors, origin, color, width])


[docs]    def add_box_from_meta(self,meta, color='black', width=1):
        """ a shortcut for adding boxes using a panda.Series containing a,b,c,origin
        """
        self.add_box(meta.a,meta.b,meta.c,meta.origin,color,width)


[docs]    def remove_boxes(self, n=1):
        """ remove the last n boxes to be added """
        assert len(self._boxes) >= n
        self._boxes = self._boxes[:-n]


    #TODO change vectors to a,b,c
[docs]    def add_hexagon(self, vectors, origin=np.zeros(3), color='black', width=1):
        """ add wireframed hexagonal prism to visualisation
        
       vectors : np.ndarray((2,3), dtype=float)
          The two vectors representing the orthogonal a,c directions.
       origin : np.ndarray((3,3), dtype=float), default to zero
          The origin of the hexagon (representing center of hexagon)
        color : str
          the color of the wireframe, in chemlab colors
          
        """
        vectors = self._unit_conversion(np.array(vectors), 'distance')
        origin = self._unit_conversion(np.array(origin), 'distance')
        color = str_to_colour(color)
        
        self._hexagons.append([vectors, origin, color, width])


[docs]    def remove_hexagons(self, n=1):
        """ remove the last n boxes to be added """
        assert len(self._hexagons) >= n
        self._hexagons = self._hexagons[:-n]


[docs]    def add_axes(self, axes=[[1,0,0],[0,1,0],[0,0,1]], 
                 length=1., offset=(-1.2,0.2), colors=('red','green','blue'),
                 width=1.5):
        """ add axes 

        axes : np.array(3,3)
            to turn off axes, set to None
        axes_offset : tuple
            x, y offset from top top-left atom
        
        """
        axes = np.asarray(axes)
        self._axes = [length*axes/np.linalg.norm(axes, axis=1), width,
                      offset, [str_to_colour(col) for col in colors]]


[docs]    def add_plane(self, vectors, origin=np.zeros(3), rev_normal=False, 
                  color='red', alpha=1.):
        """ add square plane to visualisation
        
       vectors : np.ndarray((2,3), dtype=float)
          The two vectors representing the edges of the plane.
       origin : np.ndarray((3,3), dtype=float), default to zero
          The origin of the plane.
       rev_normal : bool
           whether to reverse direction of normal (for lighting calculations)
       color : str
          the color of the plane, in chemlab colors
          
        """
        vectors = self._unit_conversion(np.array(vectors), 'distance')
        origin = self._unit_conversion(np.array(origin), 'distance')

        c = str_to_colour(color)
        colors = np.array([c,c,c,c,c,c])
        assert alpha <= 1. and alpha > 0., 'alpha must be between 0 and 1'
        
        n = np.cross(vectors[0], vectors[1])
        if rev_normal:
            n = -n
        n = n / np.linalg.norm(n)
        normals = np.array([n,n,n,n,n,n])
        
        vertices = np.array([origin,vectors[0]+origin,vectors[1]+origin,
                             vectors[0]+origin,vectors[0]+vectors[1]+origin,vectors[1]+origin])
        
        self._triangles.append([vertices, normals, colors, alpha])

    
[docs]    def remove_planes(self, n=1):
        """ remove the last n planes to be added """
        assert len(self._triangles) >= n
        self._triangles = self._triangles[:-n]


    def _unit_conversion(self, values, measure):
        """ 
        values : np.array 
        measure : str       
        """
        if not self._units in self._unit_dict:
            raise NotImplementedError
        if not measure in self._unit_dict[self._units]:
            raise NotImplementedError

        return values * self._unit_dict[self._units][measure]

    def _trim_image(self, im):
        """
        a simple solution to trim whitespace on the image
        
        1. It gets the border colour from the top left pixel, using getpixel, 
        so you don't need to pass the colour.
        2. Subtracts a scalar from the differenced image, 
        this is a quick way of saturating all values under 100, 100, 100 to zero. 
        So is a neat way to remove any 'wobble' resulting from compression.
        """
        bg = Image.new(im.mode, im.size, im.getpixel((0,0)))
        diff = ImageChops.difference(im, bg)
        diff = ImageChops.add(diff, diff, 2.0, -100)
        bbox = diff.getbbox()
        if bbox:
            return im.crop(bbox)
        else:
            raise RuntimeError('attempted to trim whitespace on an image that is all white')

    def _concat_images_horizontal(self, images, gap=10, background='white'):
        """ concatentate one or more PIL images horizontally 

        Parameters
        ----------
        images : PIL.Image list
            the images to concatenate
        gap : int
            the pixel gap between images
        background : PIL.ImageColor
            background color (as supported by PIL.ImageColor)
        """
        if len(images) == 1: return images[0]
        
        total_width = sum([img.size[0] for img in images]) + len(images)*gap
        max_height = max([img.size[1] for img in images])
        
        final_img = Image.new("RGBA", (total_width, max_height), color=background)
        
        horizontal_position = 0
        for img in images:
            final_img.paste(img, (horizontal_position, 0))
            horizontal_position += img.size[0] + gap
        
        return final_img

    def _concat_images_vertical(self, images, gap=10, background='white'):
        """ concatentate one or more PIL images vertically 

        Parameters
        ----------
        images : PIL.Image list
            the images to concatenate
        gap : int
            the pixel gap between images
        """
        if len(images) == 1: return images[0]
        
        total_width = max([img.size[0] for img in images]) 
        max_height = sum([img.size[1] for img in images]) + len(images)*gap
        
        final_img = Image.new("RGBA", (total_width, max_height), color=background)
        
        vertical_position = 0
        for img in images:
            final_img.paste(img, (0, vertical_position))
            vertical_position += img.size[1] + gap
        
        return final_img        
        
[docs]    def create_textline_image(self, text, fontsize=10, color=(0,0,0),background=(255,255,255),
                              boxsize=(1000,20)):
        """create a PIL image from a line of text"""
        img = Image.new('RGB',boxsize,color=background)
        d = ImageDraw.Draw(img)        
        font = ImageFont.truetype(get_data_path('Arial.ttf',module=fonts), fontsize)
        #font = ImageFont.load_default().font
        d.text((0,0),text,fill=color,font=font)
        img=self._trim_image(img)
        return img


    #TODO orthogonal perspective
[docs]    def get_image(self, xrot=0, yrot=0, zrot=0, fov=5., size=400, quality=5,
                  zoom_extents=None, trim_whitespace=True):
        """ get image of visualisation
        
        NB: x-axis horizontal, y-axis vertical, z-axis out of page
        
        Parameters
        ----------
        rotx: float
            rotation about x (degrees)
        roty: float
            rotation about y (degrees)
        rotz: float
            rotation about z (degrees)
        fov : float
            field of view angle (degrees)
        size : float
            size of image
        quality : float
            quality of image (pixels per point), note: higher quality will take longer to render
        zoom_extents : None or np.ndarray((N, 3))
             define an array of points to autozoom image, if None then computed automatically
        trim_whitespace : bool
            whether to trim whitspace around image
        
        Return
        ------
        image : PIL.Image

        """        
        # an array of all points in the image (used to calculate axes position)
        all_array = None

        # initialize graphic engine
        v = QtViewer()
        w = v.widget
        #TODO could add option to change background color, but then need inversion of other colors
        w.background_color = str_to_colour('white')
        w.initializeGL()
        w.camera.fov = fov

        ## ADD RENDERERS
        ## ----------------------------
         
        #atoms renderer
        for r_array, radii, colors, alphas, backend, shading in self._atoms:
            
            if min(alphas) == 1:
                transparent=False
            else:
                transparent = True
            colors[:,3] = alphas*255

            v.add_renderer(AtomRenderer, r_array, radii, colors, backend=backend, 
                           transparent=transparent, shading=shading)             
       
            all_array = r_array if all_array is None else np.concatenate([all_array,r_array])
        
        #boxes render
        for box_vectors, box_origin, box_color, box_width in self._boxes:
            v.add_renderer(BoxRenderer,box_vectors,box_origin,
                           color=box_color, width=box_width*quality)           
            #TODO account for other corners of box?
            b_array = box_vectors + box_origin                           
            all_array = b_array if all_array is None else np.concatenate([all_array,b_array])

        #hexagonal prism render
        for hex_vectors, hex_origin, hex_color, hex_width in self._hexagons:
            v.add_renderer(HexagonRenderer,hex_vectors,hex_origin,
                           color=hex_color, width=hex_width*quality)           
            #TODO account for other vertices of hexagon?
            h_array = hex_vectors + hex_origin                           
            all_array = h_array if all_array is None else np.concatenate([all_array,h_array])

        #surfaces render
        for vertices, normals, colors, alpha in self._triangles:
            if alpha < 1.:
                transparent = True
                colors[:,3] = int(alpha*255)
            else:
                transparent = False
            v.add_renderer(TriangleRenderer,vertices, normals, colors, 
                           transparent=transparent)           
            all_array = vertices if all_array is None else np.concatenate([all_array,vertices])

        ## ----------------------------

        if all_array is None:
            # Cleanup
            w.close()
            v.clear()
            raise Exception('nothing available to render')

        # transfrom coordinate system
        w.camera.orbit_x(xrot*np.pi/180.)
        w.camera.orbit_y(yrot*np.pi/180.)
        w.camera.orbit_z(zrot*np.pi/180.)
        
        # axes renderer
        # TODO option to show a,b,c instead of x,y,z
        if self._axes is not None:
            axes, axes_width, axes_offset, axes_colors = self._axes          
            
            # find top-left coordinate after transformations and 
            # convert to original coordinate system
            
            ones = np.ones((all_array.shape[0],1))
            trans_array = np.apply_along_axis(w.camera.matrix.dot,1,np.concatenate((all_array,ones),axis=1))[:,[0,1,2]]
            t_top_left = [trans_array[:,0].min() + axes_offset[0], 
                          trans_array[:,1].max() + axes_offset[1], 
                          trans_array[:,2].min(), 1]

            x0, y0, z0 = np.linalg.inv(w.camera.matrix).dot(t_top_left)[0:3]
            origin = [x0, y0, z0]
           
            all_array = np.concatenate([all_array, [origin]])
            
            vectors = axes + origin
            for vector, color in zip(vectors, axes_colors):
                # for some reason it won't render if theres not a 'dummy' 2nd element
                startends = [[origin, vector],[origin, vector]]                      
                colors = [[color, color],[color, color]]
                #TODO add as arrows instead of lines 
                v.add_renderer(LineRenderer, startends, colors, width=axes_width*quality)
                #TODO add x,y,z labels (look at chemlab.graphics.__init__?)

        if zoom_extents is None:        
            w.camera.autozoom(all_array)
        else:
            w.camera.autozoom(np.asarray(zoom_extents))

        # convert scene to image
        image = w.toimage(int(size*quality), int(size*quality))
        image.thumbnail((int(size),int(size)),Image.ANTIALIAS)
        
        if trim_whitespace:
            image = self._trim_image(image)

        # Cleanup
        w.close()
        v.clear()
       
        return image

        
    # TODO be able to paste one image on another, with different sizes and maintaining alpha values
        
[docs]    def visualise(self, images, columns=1, width=None, height=None): 
        """ visualise image(s) in IPython
        
        When this object is returned by an input cell or passed to the
        display function, it will result in the image being displayed
        in the frontend.
        
        Parameters
        ----------
        images : list/single PIL.Image or (x,y)
            (x,y) denotes a blank space of size x,y e.g. [img1,(100,0),img2]
        columns : int
            number of image columns 
        width : int
            Width to which to constrain the image in html
        height : int
            Height to which to constrain the image in html
        
        Returns
        -------
        image : IPython.display.Image

        """        
        try:
            img_iter = iter(images)
        except TypeError:
            img_iter = iter([images])
        
        img_columns = []
        img_rows = []
        for image in img_iter: 
            
            # add blank
            try:
                x,y = image
                image = Image.new("RGB", (x,y), "white")
            except TypeError:
                pass
                
            if len(img_columns) < columns:
                img_columns.append(image)
            else:
                img_rows.append(self._concat_images_horizontal(img_columns))
                img_columns = [image]
        if img_columns:
            img_rows.append(self._concat_images_horizontal(img_columns))
        image = self._concat_images_vertical(img_rows)
        
        b = BytesIO()
        image.save(b, format='png')
        data = b.getvalue()
        b.close() #del b
        
        return ipy_Image(data=data, width=width, height=height)


[docs]    def basic_vis(self, atoms_df=None, meta=None, 
                  spheres=True, illustrate=False, 
                  xrot=0, yrot=0, zrot=0, fov=10.,
                  axes=np.array([[1,0,0],[0,1,0],[0,0,1]]), axes_length=1., axes_offset=(-1.2,0.2),
                  size=400, quality=5):
        """ basic visualisation shortcut
        
        invoking add_atoms, add_box (if meta), add_axes, get_image and visualise functions
        
        """
        if not atoms_df is None:
            self.add_atoms(atoms_df, spheres=spheres, illustrate=illustrate)
        if not meta is None:
            self.add_box(meta.a,meta.b,meta.c,meta.origin)
        if not axes is None:
            self.add_axes(axes=axes, length=axes_length, offset=axes_offset)
            
        image = self.get_image(xrot=xrot, yrot=yrot, zrot=zrot, fov=fov, 
                               size=size, quality=quality)
        
        # cleanup
        self._atoms.pop()
        if not meta is None: self._boxes.pop()

        return self.visualise(image)
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  Source code for ipymd.visualise.opengl.shaders

from OpenGL.GL import *
import numpy as np

from OpenGL.GL import shaders  # Fix autodoc

# Alias
compileProgram = shaders.compileProgram

[docs]def set_uniform(prog, uni, typ, value):
    location = glGetUniformLocation(prog, uni.encode('utf-8'))
    if typ == '1f':
        glUniform1f(location, value)
    elif typ == '3f':
        glUniform3f(location, *value)
    elif typ == '4f':
        glUniform4f(location, *value)
    elif typ == 'mat4fv':
        value = value.copy() # That was an AWFUL BUG
        glUniformMatrix4fv(location, 1, GL_TRUE, value.astype(np.float32))
    elif typ == '1i':
        glUniform1i(location, value)
    else:
        raise Exception('Unknown type function')


# PyOpengl patching for older versions
[docs]def compileShader( source, shaderType ):
    """Compile shader source of given type
    
    source -- GLSL source-code for the shader
    shaderType -- GLenum GL_VERTEX_SHADER, GL_FRAGMENT_SHADER, etc,
    
    returns GLuint compiled shader reference
    raises RuntimeError when a compilation failure occurs
    """
    if isinstance(source, str):
        source = [source]
    elif isinstance(source, bytes):
        source = [source.decode('utf-8')]
    
    shader = glCreateShader(shaderType)
    glShaderSource(shader, source)
    glCompileShader(shader)
    result = glGetShaderiv(shader, GL_COMPILE_STATUS)
    
    if not(result):
        # TODO: this will be wrong if the user has 
        # disabled traditional unpacking array support.
        raise RuntimeError(
            """Shader compile failure (%s): %s"""%(
                result,
                glGetShaderInfoLog( shader ),
            ),
            source,
            shaderType,
        )
    return shader
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  Source code for ipymd.visualise.opengl.qchemlabwidget

from __future__ import division

import numpy as np
import time

from PIL import Image as pil_Image

from PyQt4 import QtCore
from PyQt4.QtCore import  Qt
from PyQt4.QtOpenGL import QGLWidget

from OpenGL.GL import *
from OpenGL.GL.framebufferobjects import *

from ...shared import colors

from .camera import Camera
from .textures import Texture
from .postprocessing import NoEffect

DEFAULT_FRAMEBUFFER = 0

class QChemlabWidget(QGLWidget):
    '''Extensible and modular OpenGL widget developed using the Qt (PyQt4)
    Framework. This widget can be used in other PyQt4 programs.

    The widget by itself doesn't draw anything, it delegates the
    writing task to external components called 'renderers' that expose
    the interface found in
    :py:class:`~chemlab.graphics.renderers.base.AbstractRenderer`. Renderers
    are responsible for drawing objects in space and have access to their
    parent widget.

    To attach a renderer to QChemlabWidget you can simply append it
    to the ``renderers`` attribute::

        from chemlab.graphics import QChemlabWidget
        from chemlab.graphics.renderers import SphereRenderer

        widget = QChemlabWidget()
        widget.renderers.append(SphereRenderer(widget, ...))

    You can also add other elements for the scene such as user interface
    elements, for example some text. This is done in a way similar to
    renderers::

        from chemlab.graphics import QChemlabWidget
        from chemlab.graphics.uis import TextUI

        widget = QChemlabWidget()
        widget.uis.append(TextUI(widget, 200, 200, 'Hello, world!'))

    .. warning:: At this point there is only one ui element available.
                PyQt4 provides a lot of UI elements so there's the
                possibility that UI elements will be converted into renderers.

    QChemlabWidget has its own mouse gestures:

    - Left Mouse Drag: Orbit the scene;
    - Right Mouse Drag: Pan the scene;
    - Wheel: Zoom the scene.


    .. py:attribute:: renderers

       :type: list of :py:class:`~chemlab.graphics.renderers.AbstractRenderer` subclasses

       It is a list containing the active renderers. QChemlabWidget
       will call their ``draw`` method when appropriate.

    .. py:attribute:: camera

        :type: :py:class:`~chemlab.graphics.camera.Camera`

        The camera encapsulates our viewpoint on the world. That is
        where is our position and our orientation. You should use
        on the camera to rotate, move, or zoom the scene.

    .. py:attribute:: light_dir

        :type: np.ndarray(3, dtype=float)
        :default: np.arrray([0.0, 0.0, 1.0])

        The light direction in camera space. Assume you are in the
        space looking at a certain point, your position is the
        origin. now imagine you have a lamp in your hand. *light_dir*
        is the direction this lamp is pointing. And if you move, jump,
        or rotate, the lamp will move with you.

        .. note:: With the current lighting mode there isn't a "light
             position". The light is assumed to be infinitely distant
             and light rays are all parallel to the light direction.

    .. py:attribute:: background_color

       :type: tuple
       :default: (255, 255, 255, 255) white

       A 4-element (r, g, b, a) tuple that specity the background
       color. Values for r,g,b,a are in the range [0, 255]. You can
       use the colors contained in chemlab.graphics.colors.

    '''

    clicked = QtCore.pyqtSignal(object)

    def __init__(self, *args, **kwargs):
        super(QChemlabWidget, self).__init__(*args, **kwargs)

        # Renderers are responsible for actually drawing stuff
        self.renderers = []

        # Ui elements represent user interactions
        self.uis = []

        # Post processing
        self.post_processing = []

        self.light_dir = np.array([0.0, 0.0, 1.0])
        self.background_color = colors.white

        self.camera = Camera()
        self.camera.aspectratio = float(self.width()) / self.height()

    def sizeHint(self):
        return QtCore.QSize(800, 600)

    def minimumSizeHint(self):
        return QtCore.QSize(600, 600)

    def initializeGL(self):
        glEnable(GL_DEPTH_TEST)
        glDepthFunc(GL_LESS)
        glEnable(GL_MULTISAMPLE)

        # Those are the post-processing buffers
        self.fb0, self.fb1, self.fb2 = glGenFramebuffers(3)

        self.textures = {'color': create_color_texture(self.fb0, self.width(), self.height()),
                         'depth': create_depth_texture(self.fb0, self.width(), self.height()),
                         'normal': create_normal_texture(self.fb0, self.width(), self.height())}



        glDrawBuffers(2, np.array([GL_COLOR_ATTACHMENT0, GL_COLOR_ATTACHMENT1], dtype='uint32'))

        if (glCheckFramebufferStatus(GL_FRAMEBUFFER)
            != GL_FRAMEBUFFER_COMPLETE):
            raise Exception('Framebuffer is not complete')

        self._extra_textures = {'fb1': create_color_texture(self.fb1, self.width(), self.height()),
                                'fb2': create_color_texture(self.fb2, self.width(), self.height())}


    def paintGL(self):
        '''GL function called each time a frame is drawn'''

        if self.post_processing:
            # Render to the first framebuffer
            glBindFramebuffer(GL_FRAMEBUFFER, self.fb0)
            glViewport(0, 0, self.width(), self.height())

            status = glCheckFramebufferStatus(GL_FRAMEBUFFER)
            if (status != GL_FRAMEBUFFER_COMPLETE):
                reason = dict(GL_FRAMEBUFFER_UNDEFINED='UNDEFINED',
                              GL_FRAMEBUFFER_INCOMPLETE_ATTACHMENT='INCOMPLETE_ATTACHMENT',
                              GL_FRAMEBUFFER_INCOMPLETE_MISSING_ATTACHMENT='INCOMPLETE_MISSING_ATTACHMENT',
                              GL_FRAMEBUFFER_INCOMPLETE_DRAW_BUFFER='INCOMPLETE_DRAW_BUFFER',
                              GL_FRAMEBUFFER_INCOMPLETE_READ_BUFFER='INCOMPLETE_READ_BUFFER',
                              GL_FRAMEBUFFER_UNSUPPORTED='UNSUPPORTED',
                          )[status]

                raise Exception('Framebuffer is not complete: {}'.format(reason))
        else:
            glBindFramebuffer(GL_FRAMEBUFFER, DEFAULT_FRAMEBUFFER)


        # Clear color take floats
        bg_r, bg_g, bg_b, bg_a = self.background_color
        glClearColor(bg_r/255, bg_g/255, bg_b/255, bg_a/255)
        glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT)

        proj = self.camera.projection
        cam = self.camera.matrix

        self.mvproj = np.dot(proj, cam)

        self.ldir = cam[:3, :3].T.dot(self.light_dir)



        # Draw World
        self.on_draw_world()

        # Iterate over all of the post processing effects
        if self.post_processing:
            if len(self.post_processing) > 1:
                newarg = self.textures.copy()

                # Ping-pong framebuffer rendering
                for i, pp in enumerate(self.post_processing[:-1]):
                    if i % 2:
                        outfb = self.fb1
                        outtex = self._extra_textures['fb1']
                    else:
                        outfb = self.fb2
                        outtex = self._extra_textures['fb2']

                    pp.render(outfb, newarg)

                    newarg['color'] = outtex

                self.post_processing[-1].render(DEFAULT_FRAMEBUFFER, newarg)

            else:
                self.post_processing[0].render(DEFAULT_FRAMEBUFFER, self.textures)

        # Draw the UI at the very last step
        self.on_draw_ui()

    def resizeGL(self, w, h):

        glViewport(0, 0, w, h)
        self.camera.aspectratio = float(self.width()) / self.height()

        if self.post_processing:
            # We have to recreate all of our textures
            self.textures['color'].delete()
            self.textures['depth'].delete()
            self.textures['normal'].delete()

            self.textures = {'color': create_color_texture(self.fb0, self.width(), self.height()),
                             'depth': create_depth_texture(self.fb0, self.width(), self.height()),
                             'normal': create_normal_texture(self.fb0, self.width(), self.height())}
            glDrawBuffers(2, np.array([GL_COLOR_ATTACHMENT0, GL_COLOR_ATTACHMENT1], dtype='uint32'))


            self._extra_textures['fb1'].delete()
            self._extra_textures['fb2'].delete()

            self._extra_textures = {'fb1': create_color_texture(self.fb1, self.width(), self.height()),
                                    'fb2': create_color_texture(self.fb2, self.width(), self.height())}

            # The post-processing effect can have something to do as well
            for p in self.post_processing:
                p.on_resize(w, h)

    def on_draw_ui(self):
        for u in self.uis:
            u.draw()

    def on_draw_world(self):
        for r in self.renderers:
            r.draw()

    def wheelEvent(self, evt):
        z = evt.delta()
        self.camera.mouse_zoom(z*0.01)

        self.update()

    def mousePressEvent(self, evt):
        self._clickstart = time.time()
        self._last_mouse_right = evt.button() == Qt.RightButton
        self._last_mouse_left = evt.button() == Qt.LeftButton

        self._last_mouse_pos = evt.pos()

    def mouseReleaseEvent(self, evt):
        if  time.time() - self._clickstart < 0.2:
            self.clicked.emit(evt)

    def screen_to_normalized(self, x, y):
        w = self.width()
        h = self.height()
        return  2*float(x)/w - 1.0, 1.0 - 2*float(y)/h

    def mouseMoveEvent(self, evt):
        if self._last_mouse_right:
            # Panning
            if bool(evt.buttons() & Qt.RightButton):
                x, y = self._last_mouse_pos.x(), self._last_mouse_pos.y()
                x2, y2 = evt.pos().x(), evt.pos().y()
                self._last_mouse_pos = evt.pos()

                # Converting to world coordinates
                w = self.width()
                h = self.height()

                x, y = 2*float(x)/w - 1.0, 1.0 - 2*float(y)/h
                x2, y2 = 2*float(x2)/w - 1.0, 1.0 - 2*float(y2)/h
                dx, dy = x2 - x, y2 - y

                cam = self.camera

                cam.position += (-cam.a * dx  + -cam.b * dy) * 10
                cam.pivot += (-cam.a * dx + -cam.b * dy) * 10
                self.update()

        if self._last_mouse_left:
            # Orbiting Rotation
            if bool(evt.buttons() & Qt.LeftButton):
                x, y = self._last_mouse_pos.x(), self._last_mouse_pos.y()
                x2, y2 = evt.pos().x(), evt.pos().y()
                self._last_mouse_pos = evt.pos()

                # Converting to world coordinates
                w = self.width()
                h = self.height()

                x, y = 2*float(x)/w - 1.0, 1.0 - 2*float(y)/h
                x2, y2 = 2*float(x2)/w - 1.0, 1.0 - 2*float(y2)/h
                dx, dy = x2 - x, y2 - y

                cam = self.camera
                cam.mouse_rotate(dx, dy)

                self.update()

    def toimage(self, width=None, height=None):
        '''Return the current scene as a PIL Image.

        **Example**

        You can build your molecular viewer as usual and dump an image
        at any resolution supported by the video card (up to the
        memory limits)::

            v = QtViewer()

            # Add the renderers
            v.add_renderer(...)

            # Add post processing effects
            v.add_post_processing(...)

            # Move the camera
            v.widget.camera.autozoom(...)
            v.widget.camera.orbit_x(...)
            v.widget.camera.orbit_y(...)

            # Save the image
            image = v.widget.toimage(1024, 768)
            image.save("mol.png")


        .. seealso::

            https://pillow.readthedocs.org/en/latest/PIL.html#module-PIL.Image

        '''
        
        effect = NoEffect(self)

        self.post_processing.append(effect)

        oldwidth, oldheight = self.width(), self.height()

        #self.initializeGL()

        if None not in (width, height):
            self.resize(width, height)
            self.resizeGL(width, height)
        else:
            width = self.width()
            height = self.height()

        self.paintGL()
        self.post_processing.remove(effect)
        coltex = effect.texture
        coltex.bind()
        glActiveTexture(GL_TEXTURE0)
        data = glGetTexImage(GL_TEXTURE_2D, 0, GL_RGBA, GL_UNSIGNED_BYTE)
        image = pil_Image.frombuffer('RGBA', (width, height), data, 'raw', 'RGBA', 0, -1)

        #self.resize(oldwidth, oldheight)
        #self.resizeGL(oldwidth, oldheight)

        return image

[docs]def create_color_texture(fb, width, height):
    texture = Texture(GL_TEXTURE_2D, width, height, GL_RGBA, GL_RGBA,
                      GL_UNSIGNED_BYTE)

    # Set some parameters
    texture.set_parameter(GL_TEXTURE_MAG_FILTER, GL_NEAREST)
    texture.set_parameter(GL_TEXTURE_MIN_FILTER, GL_LINEAR)

    glBindFramebuffer(GL_FRAMEBUFFER, fb)
    glViewport(0, 0, width, height)

    glFramebufferTexture2D(GL_FRAMEBUFFER, GL_COLOR_ATTACHMENT0, GL_TEXTURE_2D,
                           texture.id, 0)

    return texture


[docs]def create_depth_texture(fb, width, height):
    texture = Texture(GL_TEXTURE_2D, width, height, GL_DEPTH_COMPONENT24,
                      GL_DEPTH_COMPONENT, GL_FLOAT)

    texture.set_parameter(GL_TEXTURE_MAG_FILTER, GL_NEAREST)
    texture.set_parameter(GL_TEXTURE_MIN_FILTER, GL_LINEAR)

    glBindFramebuffer(GL_FRAMEBUFFER, fb)
    glViewport(0, 0, width, height)
    glFramebufferTexture2D(GL_FRAMEBUFFER, GL_DEPTH_ATTACHMENT, GL_TEXTURE_2D,
                           texture.id, 0)

    return texture



[docs]def create_normal_texture(fb, width, height):
    texture = Texture(GL_TEXTURE_2D, width, height, GL_RGB, GL_RGB,
                      GL_UNSIGNED_BYTE)

    texture.set_parameter(GL_TEXTURE_MAG_FILTER, GL_NEAREST)
    texture.set_parameter(GL_TEXTURE_MIN_FILTER, GL_LINEAR)

    glBindFramebuffer(GL_FRAMEBUFFER, fb)
    glViewport(0, 0, width, height)
    glFramebufferTexture2D(GL_FRAMEBUFFER, GL_COLOR_ATTACHMENT1, GL_TEXTURE_2D,
                           texture.id, 0)

    return texture
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  Source code for ipymd.visualise.opengl.textures

"""Texture data structures
"""
from __future__ import print_function

import numpy as np
from OpenGL.GL import *

[docs]class Texture(object):

    def __init__(self, kind, width, height, intformat,
                 format, dtype, data=None):
        self.kind = kind
        self.intformat = intformat
        self.format = format
        self.id = int(glGenTextures(1)) # Avoid returning a numpy array
        self.width, self.height = width, height
        self.dtype = dtype
        self.data = data
        self.empty()

[docs]    def empty(self):
        self.bind()
        glTexImage2D(self.kind, 0, self.intformat, self.width, self.height, 0,
                     self.format, self.dtype, self.data)

[docs]    def bind(self):
        glBindTexture(self.kind, self.id)


[docs]    def set_parameter(self, par, value):
        glTexParameteri(self.kind, par, value)


[docs]    def delete(self):
        glDeleteTextures(1, np.array(self.id))







          

      

      

    


    
        © Copyright 2016, Chris Sewell.
      Created using Sphinx 1.3.5.
    

  

_modules/ipymd/visualise/opengl/camera.html


    
      Navigation


      
        		
          index


        		
          modules |


        		ipyMD »


          		Module code »


          		ipymd »

 
      


    


    
      
          
            
  Source code for ipymd.visualise.opengl.camera

'''Module to provide a nice camera for 3d applications'''
import numpy as np
import numpy.linalg as LA

from ...shared.transformations import rotation_matrix, translation_matrix, clip_matrix

[docs]def fequal(a, b, tol):
    return (abs(a-b) / max(abs(a), abs(b))) < tol


[docs]class Camera:
    """Our viewpoint on the 3D world. The Camera class can be used to
    access and modify from which point we're seeing the scene.

    It also handle the projection matrix (the matrix we apply to
    project 3d points onto our 2d screen).
    
    .. py:attribute:: position
       
       :type: np.ndarray(3, float)
       :default: np.array([0.0, 0.0, 5.0])
    
       The position of the camera. You can modify this attribute to
       move the camera in various directions using the absoule x, y
       and z coordinates.
    
    .. py:attribute:: a, b, c
       
       :type: np.ndarray(3), np.ndarray(3), np.ndarray(3) dtype=float
       :default: a: np.ndarray([1.0, 0.0, 0.0])
                 b: np.ndarray([0.0, 1.0, 0.0])
                 c: np.ndarray([0.0, 0.0, -1.0])

       Those three vectors represent the camera orientation. The ``a``
       vector points to our right, the ``b`` points upwards and ``c``
       in front of us.
    
       By default the camera points in the negative z-axis
       direction.

    .. py:attribute:: pivot

       :type: np.ndarray(3, dtype=float)
       :default: np.array([0.0, 0.0, 0.0])
    
       The point we will orbit around by using
       :py:meth:`Camera.orbit_x` and :py:meth:`Camera.orbit_y`.
       
    .. py:attribute:: matrix

       :type: np.ndarray((4,4), dtype=float)
       
       Camera matrix, it contains the rotations and translations
       needed to transform the world according to the camera position.
       It is generated from the ``a``,``b``,``c`` vectors.
    
    .. py:attribute:: projection

       :type: np.ndarray((4, 4),dtype=float)
       
       Projection matrix, generated from the projection parameters.
    
    .. py:attribute:: z_near, z_far
       
       :type: float, float
    
       Near and far clipping planes. For more info refer to:
       http://www.lighthouse3d.com/tutorials/view-frustum-culling/
    
    .. py:attribute:: fov
       
       :type: float
    
       field of view in degrees used to generate the projection matrix.
    
    .. py:attribute:: aspectratio

       :type: float
        
       Aspect ratio for the projection matrix, this should be adapted
       when the application window is resized.

    """

    def __init__(self):
        self.position = np.array([0.0, 0.0, 5.0]) # Position in real coordinates
        
        self.pivot = np.array([0.0, 0.0, 0.0])
        
        # Perspective parameters
        self.fov = 45.0
        self.aspectratio = 1.0
        self.z_near = 0.5
        self.z_far = 500.0
        
        # Those are the direction fo the three axis of the camera in
        # world coordinates, used to compute the rotations necessary
        self.a = np.array([1.0, 0.0, 0.0])
        self.b = np.array([0.0, 1.0, 0.0])
        self.c = np.array([0.0, 0.0, -1.0])
        
[docs]    def orbit_y(self, angle):
        '''Orbit around the point ``Camera.pivot`` by the angle
        *angle* expressed in radians. The axis of rotation is the
        camera "right" vector, ``Camera.a``.

        In practice, we move around a point like if we were on a Ferris
        wheel.

        '''
        
        # Subtract pivot point
        self.position -= self.pivot
        
        # Rotate
        rot = rotation_matrix(-angle, self.b)[:3,:3]
        self.position = np.dot(rot, self.position)
        
        # Add again the pivot point
        self.position += self.pivot
        
        self.a = np.dot(rot, self.a)
        self.b = np.dot(rot, self.b)
        self.c = np.dot(rot, self.c)        

        
[docs]    def orbit_x(self, angle):
        '''Same as :py:meth:`~chemlab.graphics.camera.Camera.orbit_y`
        but the axis of rotation is the :py:attr:`Camera.b` vector.
        
        We rotate around the point like if we sit on the side of a salad
        spinner.

        '''
        
        # Subtract pivot point
        self.position -= self.pivot
        
        # Rotate
        rot = rotation_matrix(-angle, self.a)[:3,:3]
        self.position = np.dot(rot, self.position)
        
        # Add again the pivot point
        self.position += self.pivot
        
        self.a = np.dot(rot, self.a)
        self.b = np.dot(rot, self.b)
        self.c = np.dot(rot, self.c)        

        
[docs]    def orbit_z(self, angle):
        # Subtract pivot point
        self.position -= self.pivot        
        # Rotate
        rot = rotation_matrix(-angle, self.c)[:3,:3]
        self.position = np.dot(rot, self.position)        
        # Add again the pivot point
        self.position += self.pivot
        
        self.a = np.dot(rot, self.a)
        self.b = np.dot(rot, self.b)
        self.c = np.dot(rot, self.c)     


[docs]    def mouse_rotate(self, dx, dy):
        '''Convenience function to implement the mouse rotation by
        giving two displacements in the x and y directions.

        '''
        fact = 1.5
        self.orbit_y(-dx*fact)
        self.orbit_x(dy*fact)


[docs]    def mouse_zoom(self, inc):
        '''Convenience function to implement a zoom function.

        This is achieved by moving ``Camera.position`` in the
        direction of the ``Camera.c`` vector.

        '''
        # Square Distance from pivot
        dsq = np.linalg.norm(self.position - self.pivot)
        minsq = 1.0**2  # How near can we be to the pivot
        maxsq = 7.0**2 # How far can we go 

        scalefac = 0.25

        if dsq > maxsq and inc < 0: 
            # We're going too far
            pass
        elif dsq < minsq and inc > 0:
            # We're going too close
            pass
        else:
            # We're golden
            self.position += self.c*inc*scalefac


    def _get_projection_matrix(self):
        # Convert from homogeneous 3d coordinates to 
        # 2D coordinates
        
        fov = self.fov*np.pi/180.0
        
        top = np.tan(fov * 0.5)*self.z_near
        bottom = -top
        
        left = self.aspectratio * bottom
        right = self.aspectratio * top
        
        return clip_matrix(left, right, bottom, top,
                           self.z_near, self.z_far, perspective=True)
        
        
    projection = property(_get_projection_matrix)
    
    def _get_matrix(self):
        rot = self._get_rotation_matrix()
        tra = self._get_translation_matrix()
        
        res = np.dot(rot, tra)        
        
        return res
    
    matrix = property(_get_matrix)
    
    def _get_translation_matrix(self):
        return translation_matrix(-self.position)
        
    def _get_rotation_matrix(self):
        # Rotate the system to bring it to 
        # coincide with 0, 0, -1
        a, b, c = self.a, self.b, self.c
        
        a0 = np.array([1.0, 0.0, 0.0])
        b0 = np.array([0.0, 1.0, 0.0])
        c0 = np.array([0.0, 0.0, -1.0])
        
        mfinal = np.array([a0, b0, c0]).T
        morig = np.array([a, b, c]).T
        
        mrot = np.dot(mfinal, morig.T)
        
        ret = np.eye(4)
        ret[:3,:3] = mrot
        return ret
        
[docs]    def unproject(self, x, y, z=-1.0):
        """Receive x and y as screen coordinates and returns a point
        in world coordinates.

        This function comes in handy each time we have to convert a 2d
        mouse click to a 3d point in our space.

        **Parameters**
        
        x: float in the interval [-1.0, 1.0]
            Horizontal coordinate, -1.0 is leftmost, 1.0 is rightmost.
        
        y: float in the interval [1.0, -1.0]
            Vertical coordinate, -1.0 is down, 1.0 is up.
        
        z: float in the interval [1.0, -1.0]
            Depth, -1.0 is the near plane, that is exactly behind our
            screen, 1.0 is the far clipping plane.
        
        :rtype: np.ndarray(3,dtype=float)
        :return: The point in 3d coordinates (world coordinates).
        
        """

        source = np.array([x,y,z,1.0])
    
        # Invert the combined matrix
        matrix = self.projection.dot(self.matrix)
        IM = LA.inv(matrix)
        res = np.dot(IM, source)
        
        return res[0:3]/res[3]


[docs]    def autozoom(self, points):
        '''Fit the current view to the correct zoom level to display
        all *points*.

        The camera viewing direction and rotation pivot match the
        geometric center of the points and the distance from that
        point is calculated in order for all points to be in the field
        of view. This is currently used to provide optimal
        visualization for molecules and systems

        **Parameters**
        
        points: np.ndarray((N, 3))
             Array of points.
        
        '''
        extraoff = 0.01
        
        # Project points on the plane defined by camera up and right
        # vector. This is achieved by using dot product on camera a
        # and b vectors
        abc = np.array([self.a, self.b, self.c])

        old_geom_center = points.sum(axis=0)/len(points)
        # Translate points
        points = points.copy() + self.position
        
        # Translate position to geometric_center along directions
        # a and b
        geom_center = points.sum(axis=0)/len(points)
        self.position += self.a * np.dot(geom_center, self.a)
        self.position += self.b * np.dot(geom_center, self.b)

        # Translate pivot to the geometric center
        self.pivot = old_geom_center
        
        # Get the bounding sphere radius by searching for the most
        # distant point
        bound_radius = np.sqrt(((points-geom_center) * (points-geom_center)).sum(axis=1).max())

        # Calculate the distance in order to have the most distant
        # point in our field of view (top/bottom)
        fov_topbottom = self.fov*np.pi/180.0
        
        dist = (bound_radius + self.z_near)/np.tan(fov_topbottom * 0.5)
        
        # Set the c-component of the position at the calculated distance
        # 1) translate the position on the pivot
        self.position = self.pivot.copy() 
        # 2) add the distance plus a little extra room
        self.position -= self.c * (dist*(1 + extraoff))


[docs]    def state(self):
        '''Return the current camera state as a dictionary, it can be
        restored with `Camera.restore`.

        '''
        return dict(a=self.a.tolist(), b=self.b.tolist(), c=self.c.tolist(),
                    pivot=self.pivot.tolist(), position=self.position.tolist())


[docs]    def restore(self, state):
        '''Restore the camera state, passed as a *state*
        dictionary. You can obtain a previous state from the method
        `Camera.state`.

        '''
        self.a = np.array(state['a']).copy()
        self.b = np.array(state['b']).copy()
        self.c = np.array(state['c']).copy()
        self.pivot = np.array(state['pivot']).copy()
        self.position = np.array(state['position']).copy()
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  Source code for ipymd.visualise.opengl.renderers.line

from .base import ShaderBaseRenderer
from ..buffers import VertexBuffer
import numpy as np
import pkgutil
from OpenGL.GL import *

[docs]class LineRenderer(ShaderBaseRenderer):
    '''Render a set of lines.
    
    .. image:: /_static/line_renderer.png
    
    **Parameters**
    
    widget:
        The parent QChemlabWidget
    startends: np.ndarray((NLINES, 2, 3), dtype=float)
        Start and end position of each line in the form of an array::

            s1 = [0.0, 0.0, 0.0]
            startends = [[s1, e1], [s2, e2], ..]
         
    colors: np.ndarray((NLINES, 2, 4), dtype=np.uint8)
        The corresponding color of each extrema of each line.
    
    '''
    def __init__(self, widget, startends, colors, width=1.5):
        vert = pkgutil.get_data("ipymd.visualise.opengl.renderers.opengl_shaders",
                                "default_persp.vert")
        frag = pkgutil.get_data("ipymd.visualise.opengl.renderers.opengl_shaders",
                                "no_light.frag")
        super(LineRenderer, self).__init__(widget, vert, frag)

        self.width = width
        self.viewer = widget
        self.n_lines = len(startends)
        
        vertices = np.array(startends, dtype=np.float32)
        colors = np.array(colors, dtype=np.uint8)
        
        self._vbo_v = VertexBuffer(vertices, GL_DYNAMIC_DRAW)
        self._vbo_c = VertexBuffer(colors, GL_DYNAMIC_DRAW)
        
[docs]    def draw_vertices(self):
        glLineWidth(self.width)
        glEnable(GL_LINE_SMOOTH)
        
        glEnableClientState(GL_VERTEX_ARRAY)
        self._vbo_v.bind_vertexes(3, GL_FLOAT)
        
        glEnableClientState(GL_COLOR_ARRAY)
        self._vbo_c.bind_colors(4, GL_UNSIGNED_BYTE)
        
        glDrawArrays(GL_LINES, 0, self.n_lines)
        
        glDisableClientState(GL_VERTEX_ARRAY)
        glDisableClientState(GL_COLOR_ARRAY)
        
        self._vbo_v.unbind()
        self._vbo_c.unbind()
        
        glLineWidth(1)
        glDisable(GL_LINE_SMOOTH)        

[docs]    def update_positions(self, vertices):
        """Update the line positions
        """

        vertices = np.array(vertices, dtype=np.float32)
        self._vbo_v.set_data(vertices)
        self._vbo_v.unbind()

        
[docs]    def update_colors(self, colors):
        """Update the colors"""
        
        colors = np.array(colors, dtype=np.uint8)
        self._vbo_c.set_data(colors)
        self._vbo_c.unbind()
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  Source code for ipymd.visualise.opengl.renderers.sphere_imp

from .base import ShaderBaseRenderer
import pkgutil

from ..shaders import set_uniform
from ..buffers import VertexBuffer
from OpenGL.GL import *
import numpy as np

[docs]class SphereImpostorRenderer(ShaderBaseRenderer):
    """The interface is identical to
       :py:class:`~chemlab.graphics.renderers.SphereRenderer` but uses a
       different drawing method.
    
       The spheres are squares that always face the user. Each point
       of the sphere, along with the lighting, is calculated in the
       fragment shader, resulting in a perfect sphere.
    
       SphereImpostorRenderer is an extremely fast rendering method,
       it is perfect for rendering a lot of spheres ( > 50000) and for
       animations.

       .. image:: /_static/sphere_impostor_renderer.png

    """
    def __init__(self, viewer, poslist, radiuslist, colorlist,
                 transparent=False, shading='phong'):
        
        vert = pkgutil.get_data("ipymd.visualise.opengl.renderers.opengl_shaders",
                                              "sphereimp.vert")
        frag = pkgutil.get_data("ipymd.visualise.opengl.renderers.opengl_shaders",
                                                "sphereimp.frag")
        
        super(SphereImpostorRenderer, self).__init__(viewer, vert, frag)
        
        self.transparent = transparent
        self.poslist = poslist
        self.radiuslist = radiuslist
        self.colorlist = colorlist
        self.n_spheres = len(poslist)
        self.show_mask = np.ones(self.n_spheres, dtype='bool')
        self.ldir = np.array([0.0, 0.0, 10.0, 1.0])
        
        self.shading = shading
        
        vertices = np.repeat(poslist, 4, axis=0).astype(np.float32)
        radii = np.repeat(radiuslist, 4, axis=0).astype(np.float32)
        colors = np.repeat(colorlist, 4, axis=0).astype(np.uint8)
        
        mapping = np.tile([1.0, 1.0,-1.0, 1.0,-1.0,-1.0,1.0, -1.0,],
                          self.n_spheres).astype(np.float32)
        
        self._verts_vbo = VertexBuffer(vertices,GL_DYNAMIC_DRAW)
        self._color_vbo = VertexBuffer(colors,GL_DYNAMIC_DRAW)
        self._mapping_vbo = VertexBuffer(mapping,GL_DYNAMIC_DRAW)
        self._centers_vbo = VertexBuffer(vertices,GL_DYNAMIC_DRAW)
        self._radius_vbo = VertexBuffer(radii,GL_DYNAMIC_DRAW)

[docs]    def setup_shader(self):
        glUseProgram(self.shader)
        set_uniform(self.shader, 'camera_mat', 'mat4fv',
                    self.viewer.camera.matrix)
        
        
        set_uniform(self.shader, 'projection_mat', 'mat4fv',
                    self.viewer.camera.projection)
        set_uniform(self.shader, 'mvproj', 'mat4fv',
                    self.viewer.camera.projection)
        
        set_uniform(self.shader, 'light_dir', '3f', self.ldir[:3])
        
        set_uniform(self.shader, 'scalefac', '1f', 1.5)
        cam = np.dot(self.viewer.camera.matrix[:3,:3],
                     -self.viewer.camera.position)
        set_uniform(self.shader, 'camera', '3f', cam)
        
        shd = {'phong' : 0,
               'toon': 1}[self.shading]
        
        set_uniform(self.shader, 'shading_type', '1i', shd)

    
[docs]    def change_shading(self, shd_typ):
        self.shading = shd_typ

        
[docs]    def draw(self):
        self.setup_shader()
        
        if self.transparent:
            glEnable(GL_BLEND)
            glBlendFunc(GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA)
            glDepthMask(GL_FALSE)
        
        at_mapping = glGetAttribLocation(self.shader, b"at_mapping")
        at_sphere_center = glGetAttribLocation(self.shader, b"at_sphere_center")
        at_sphere_radius = glGetAttribLocation(self.shader, b"at_sphere_radius")
        
        glEnableVertexAttribArray(at_mapping)
        glEnableVertexAttribArray(at_sphere_center)
        glEnableVertexAttribArray(at_sphere_radius)
        
        glEnableClientState(GL_VERTEX_ARRAY)
        self._verts_vbo.bind_vertexes(3, GL_FLOAT)
        
        self._mapping_vbo.bind_attrib(at_mapping, 2, GL_FLOAT)
        self._centers_vbo.bind_attrib(at_sphere_center, 3, GL_FLOAT)
        self._radius_vbo.bind_attrib(at_sphere_radius, 1, GL_FLOAT)

        glEnableClientState(GL_COLOR_ARRAY)
        self._color_vbo.bind_colors(4, GL_UNSIGNED_BYTE)
        
        glDrawArrays(GL_QUADS, 0, 4*self.n_spheres)
        
        self._verts_vbo.unbind()
        self._mapping_vbo.unbind()
        self._centers_vbo.unbind()
        self._radius_vbo.unbind()
        self._color_vbo.unbind()
        
        glDisableVertexAttribArray(at_mapping)
        glDisableVertexAttribArray(at_sphere_center)
        glDisableVertexAttribArray(at_sphere_radius)

        glDisableClientState(GL_VERTEX_ARRAY)
        glDisableClientState(GL_COLOR_ARRAY)
        
        if self.transparent:
            glDisable(GL_BLEND)
            #glBlendFunc(GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA)
            glDepthMask(GL_TRUE)

        glUseProgram(0)

        
[docs]    def update_positions(self, rarray):
        rarray = np.array(rarray)
        vertices = np.repeat(rarray[self.show_mask], 4, axis=0).astype(np.float32)
        self.poslist = rarray
        
        self._verts_vbo.set_data(vertices)
        self._centers_vbo.set_data(vertices)

        
[docs]    def update_colors(self, colorlist):
        colorlist = np.array(colorlist)
        colors = np.repeat(colorlist[self.show_mask], 4, axis=0).astype(np.uint8)
        self.colorlist = colorlist
        self._color_vbo.set_data(colors)

        
[docs]    def update_radii(self, radiuslist):
        radiuslist = np.array(radiuslist)
        
        self.radiuslist = radiuslist
        radii = np.repeat(radiuslist[self.show_mask], 4, axis=0).astype(np.float32)
        self._radius_vbo.set_data(radii)


[docs]    def hide(self, mask):
        self.n_spheres = len(mask.nonzero()[0])
        self.show_mask = mask
        
        radii = np.array(self.radiuslist)
        self.update_positions(np.array(self.poslist))
        self.update_colors(np.array(self.colorlist))
        self.update_radii(radii)
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  Source code for ipymd.visualise.opengl.postprocessing.noeffect

import numpy as np
import os

from OpenGL.GL import *
from OpenGL.GL import shaders
from OpenGL.GL.framebufferobjects import *
from OpenGL.arrays import vbo

from .base import AbstractEffect

from ..textures import Texture
from ..shaders import compileShader


[docs]class NoEffect(AbstractEffect):
    '''Re-render the object without implementing any effect.

    This renderer serves as an example, and can be used to access the
    textures used for the rendering through the *texture*
    attribute.

    This texture can be used to dump the image being rendered.
    '''
    
    def __init__(self, widget):
        self.widget = widget
        curdir = os.path.dirname(__file__)
        
        vert = open(os.path.join(curdir, 'shaders', 'noeffect.vert')).read()
        frag = open(os.path.join(curdir, 'shaders', 'noeffect.frag')).read()        
        # Compile quad shader
        vertex = compileShader(vert, GL_VERTEX_SHADER)
        fragment = compileShader(frag, GL_FRAGMENT_SHADER)
        
        self.quad_program = shaders.compileProgram(vertex, fragment)
        self.texture = None
        
[docs]    def render(self, fb, textures):
        # Save the texture to be used from outside
        self.texture = textures['color']
        
        glBindFramebuffer(GL_FRAMEBUFFER, fb)
        glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT)
        
        glUseProgram(self.quad_program)
        qd_id = glGetUniformLocation(self.quad_program, "quad_texture")
        
        # Setting up the texture
        glActiveTexture(GL_TEXTURE0)
        self.texture.bind()
        
        # Set our "quad_texture" sampler to user Texture Unit 0
        glUniform1i(qd_id, 0)
        # Set resolution
        res_id = glGetUniformLocation(self.quad_program, "resolution")
        glUniform2f(res_id, self.widget.width(), self.widget.height())

        # # Let's render a quad
        quad_data = np.array([-1.0, -1.0, 0.0,
                              1.0, -1.0, 0.0,
                              -1.0,  1.0, 0.0,
                              -1.0,  1.0, 0.0,
                              1.0, -1.0, 0.0,
                              1.0,  1.0, 0.0],
                             dtype='float32')
        
        vboquad = vbo.VBO(quad_data)
        vboquad.bind()
        
        glVertexPointer(3, GL_FLOAT, 0, None)        
        glEnableClientState(GL_VERTEX_ARRAY)

        # draw "count" points from the VBO
        glDrawArrays(GL_TRIANGLES, 0, 6)
        
        vboquad.unbind()
        glDisableClientState(GL_VERTEX_ARRAY)
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  Source code for ipymd.visualise.opengl.postprocessing.base

[docs]class AbstractEffect(object):
    '''Interface for a generic post processing effect.
    
    A subclass of AbstractEffect can be used by a
    :class:`~chemlab.graphics.QChemlabWidget` to provide
    post-processing effects such as outlines, gamma correction,
    approximate anti-aliasing, or screen space ambient occlusion.

    '''
    def __init__(self, *args, **kwargs):
        pass
    
[docs]    def set_options(self, **options):
        '''Subclasses should use this method to change the options of
        the effect

        '''
        pass


[docs]    def render(self, fb, textures):
        '''Subclasses should override this method to draw the
        post-processing effect by using the framebuffer *fb*
        (represented as an integer generated by glGenFramebuffers).
        
        The textures corresponding to the model rendering and the
        previous post-processing effects are passed through the
        dictionary *textures*. 
        
        The textures passed by default are "color", "depth" and
        "normal" and are instances of
        :class:`chemlab.graphics.Texture`.

        '''
        raise NotImplementedError()


[docs]    def on_resize(self, w, h):
        '''Optionally, subclasses can override on_resize. This method
        is useful if the post-processing effect requires additional
        creation of textures that need to hold multiple passes.

        '''
        pass
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  Source code for ipymd.visualise.opengl.qtviewer

import time

import sys
from PyQt4.QtGui import QMainWindow
from PyQt4.QtCore import QTimer, Qt
from PyQt4 import QtCore, QtGui
from PyQt4.QtOpenGL import *

from .qchemlabwidget import QChemlabWidget

app_created = False
app = QtCore.QCoreApplication.instance()
if app is None:
    app = QtGui.QApplication(sys.argv)
    app_created = True
    app.references = set()

[docs]class FpsDraw(object):
    def __init__(self, parent):
        self.ctimer = QTimer()
        self.ctimer.start(0)
        self.parent = parent
        self.prev = time.time()
        self.ctimer.timeout.connect(self.parent.update)
        
[docs]    def draw(self):
        self.cur = time.time()
        #elapsed = self.cur - self.prev
        self.prev = self.cur




class QtViewer(QMainWindow):
    """Bases: `PyQt4.QtGui.QMainWindow`

    View objects in space.

    This class can be used to build your own visualization routines by
    attaching :doc:`renderers <chemlab.graphics.renderers>`  and
    :doc:`uis <chemlab.graphics.uis>` to it.
    
    .. seealso:: :doc:`/graphics`
    
    **Example**
    
    In this example we can draw 3 blue dots and some overlay text::

        from chemlab.graphics import QtViewer
        from chemlab.graphics.renderers import PointRenderer
        from chemlab.graphics.uis import TextUI
         
        vertices = [[0.0, 0.0, 0.0], [0.0, 1.0, 0.0], [2.0, 0.0, 0.0]]
        blue = (0, 255, 255, 255)
         
        colors = [blue,] * 3
         
        v = QtViewer()
         
        pr = v.add_renderer(PointRenderer, vertices, colors)
        tu = v.add_ui(TextUI, 100, 100, 'Hello, world!')
         
        v.run()
    
    """
    
    def __init__(self):
        QMainWindow.__init__(self)

        # Pre-initializing an OpenGL context can let us use opengl
        # functions without having to show the window first...
        context = QGLContext(QGLFormat(), None)
        widget = QChemlabWidget(context, self)
        context.makeCurrent()
        self.setCentralWidget(widget)
        self.resize(1000, 800)
        self.widget = widget
        
        self.key_actions = {}
        
    def run(self):
        '''Display the QtViewer

        '''
        self.show()
        app.exec_()
        
    def schedule(self, callback, timeout=100):
        '''Schedule a function to be called repeated time.

        This method can be used to perform animations.
        
        **Example**
        
        This is a typical way to perform an animation, just::
        
            from chemlab.graphics import QtViewer
            from chemlab.graphics.renderers import SphereRenderer
            
            v = QtViewer()
            sr = v.add_renderer(SphereRenderer, centers, radii, colors)
             
            def update():
               # calculate new_positions
               sr.update_positions(new_positions)
               v.widget.repaint()
            
            v.schedule(update)
            v.run()
        
        .. note:: remember to call QtViewer.widget.repaint() each
                  once you want to update the display.
        

        **Parameters**
        
        callback: function()
            A function that takes no arguments that will be 
            called at intervals.
        timeout: int
            Time in milliseconds between calls of the *callback*
            function.

        **Returns**
        a `QTimer`, to stop the animation you can use `Qtimer.stop`
        '''
        timer = QTimer(self)
        timer.timeout.connect(callback)
        timer.start(timeout)
        return timer
        
    def add_renderer(self, klass, *args, **kwargs):
        '''Add a renderer to the current scene.
        
        **Parameter**
        
        klass: renderer class
            The renderer class to be added
        args, kwargs:
            Arguments used by the renderer constructor,
            except for the *widget* argument.
        
        .. seealso:: :py:class:`~chemlab.graphics.renderers.AbstractRenderer`
        .. seealso:: :doc:`/api/chemlab.graphics.renderers`
        
        **Return**

        The istantiated renderer. You should keep the return value to
        be able to update the renderer at run-time.

        '''
        renderer = klass(self.widget, *args, **kwargs)
        self.widget.renderers.append(renderer)
        return renderer
    
    def remove_renderer(self, rend):
        '''Remove a renderer from the current view.
        
        **Example**
        
        ::

            rend = v.add_renderer(AtomRenderer)
            v.remove_renderer(rend)

        .. versionadded:: 0.3
        '''
        if rend in self.widget.renderers:
            self.widget.renderers.remove(rend)
        else:
            raise Exception("The renderer is not in this viewer")
            
    def has_renderer(self, rend):
        '''Return True if the renderer is present in the widget
        renderers.

        '''
        return rend in self.widget.renderers
    def update(self):
        super(QtViewer, self).update()
        self.widget.update()
        
    def add_ui(self, klass, *args, **kwargs):
        '''Add an UI element for the current scene. The approach is
        the same as renderers.

        .. warning:: The UI api is not yet finalized

        '''
        ui = klass(self.widget, *args, **kwargs)
        self.widget.uis.append(ui)
        return ui
        
    def add_post_processing(self, klass, *args, **kwargs):
        '''Add a post processing effect to the current scene.
        
        The usage is as following::
        
            from chemlab.graphics import QtViewer
            from chemlab.graphics.postprocessing import SSAOEffect
            
            v = QtViewer()
            effect = v.add_post_processing(SSAOEffect)
        
        .. seealso:: :doc:`/api/chemlab.graphics.postprocessing`
        
        **Return**
        
        an instance of :py:class:`~chemlab.graphics.postprocessing.base.AbstractEffect`
        
        .. versionadded:: 0.3
        '''
        pp = klass(self.widget, *args, **kwargs)
        self.widget.post_processing.append(pp)
        return pp
        
    def remove_post_processing(self, pp):
        '''Remove a post processing effect.

        ..versionadded:: 0.3
        '''
        self.widget.post_processing.remove(pp)

    def clear(self):
        del self.widget.renderers[:]
        
    # Events
    def keyPressEvent(self, evt):
        
        angvel = 0.3
        
        if evt.key() == Qt.Key_Up:
            self.widget.camera.orbit_x(angvel)
            
        if evt.key() == Qt.Key_Down:
            self.widget.camera.orbit_x(-angvel)
            
        if evt.key() == Qt.Key_Left:
            self.widget.camera.orbit_y(-angvel)
            
        if evt.key() == Qt.Key_Right:
            self.widget.camera.orbit_y(angvel)
        
        if evt.key() == Qt.Key_Plus:
            self.widget.camera.mouse_zoom(0.1)
        if evt.key() == Qt.Key_Minus:
            self.widget.camera.mouse_zoom(-0.1)
        else:
            action = self.key_actions.get(evt.key(), None)
            if action:
                action()
        
        self.widget.repaint()

if __name__ == '__main__':
    QtViewer().run()
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  Source code for ipymd.visualise.opengl.buffers

import OpenGL.GL as ogl
from OpenGL.raw import GL
from OpenGL.arrays import ArrayDatatype as ADT

import numpy as np

[docs]class VertexBuffer(object):

  def __init__(self, data, usage):
    self.buffer = ogl.GLuint(0)
    self.buffer = ogl.glGenBuffers(1)
    self.usage = usage
    self.data = data
    
    # Add a little warning
    if data.dtype == np.float:
      Warning('This float array is 64 bit')
    
    ogl.glBindBuffer(ogl.GL_ARRAY_BUFFER, self.buffer)
    ogl.glBufferData(ogl.GL_ARRAY_BUFFER, ADT.arrayByteCount(data),
                 ADT.voidDataPointer(data), usage)
    ogl.glBindBuffer(ogl.GL_ARRAY_BUFFER, 0)

  def __del__(self):
    # this causes an error otherwise
    if bool(ogl.glDeleteBuffers):
      ogl.glDeleteBuffers(1, ogl.GLuint(self.buffer))
    else:
      return

[docs]  def bind(self):
    ogl.glBindBuffer(ogl.GL_ARRAY_BUFFER, self.buffer)

    
[docs]  def unbind(self):
    ogl.glBindBuffer(ogl.GL_ARRAY_BUFFER, 0)


[docs]  def set_data(self, data):
    self.bind()
    ogl.glBufferData(ogl.GL_ARRAY_BUFFER, ADT.arrayByteCount(data), ADT.voidDataPointer(data), self.usage)
    self.unbind()

      
[docs]  def bind_colors(self, size, type, stride=0):
    self.bind()
    ogl.glColorPointer(size, type, stride, None)


[docs]  def bind_edgeflags(self, stride=0):
    self.bind()
    ogl.glEdgeFlagPointer(stride, None)


[docs]  def bind_indexes(self, type, stride=0):
    self.bind()
    ogl.glIndexPointer(type, stride, None)


[docs]  def bind_normals(self, type, stride=0):
    self.bind()
    ogl.glNormalPointer(type, stride, None)


[docs]  def bind_texcoords(self, size, type, stride=0):
    self.bind()
    ogl.glTexCoordPointer(size, type, stride, None)


[docs]  def bind_vertexes(self, size, type, stride=0):
    self.bind()
    ogl.glVertexPointer(size, type, stride, None)

    
[docs]  def bind_attrib(self, attribute, size, type, normalized=ogl.GL_FALSE, stride=0):
    self.bind()
    ogl.glVertexAttribPointer(attribute, size, type, normalized, stride, None)
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  Source code for ipymd.visualise.opengl.renderers.triangle

# -*- coding: utf-8 -*-
"""
Created on Mon May 16 09:55:43 2016

@author: cjs14


added patch to allow for transparent surface
"""
import numpy as np

from .base import DefaultRenderer
from ..buffers import VertexBuffer
from ..shaders import set_uniform

from OpenGL.GL import (GL_DYNAMIC_DRAW, GL_VERTEX_ARRAY, GL_NORMAL_ARRAY,
                       GL_COLOR_ARRAY, GL_UNSIGNED_BYTE, GL_FLOAT, GL_TRIANGLES,
                       glEnableClientState, glDrawArrays, 
                       glEnable, glDisable, GL_BLEND, glBlendFunc, 
                       GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA, glDepthMask, 
                       GL_TRUE, GL_FALSE,
                       glPolygonMode, GL_FRONT_AND_BACK, GL_FILL, GL_LINE)

[docs]class TriangleRenderer(DefaultRenderer):
    '''Renders an array of triangles.

    A lot of renderers are built on this, for example
    :py:class:`~chemlab.graphics.renderers.SphereRenderer`. The
    implementation is relatively fast since it's based on
    VertexBuffers.
    
    .. image:: /_static/triangle_renderer.png
    
    **Parameters**
    
    widget:
        The parent QChemlabWidget
    vertices: np.ndarray((NTRIANGLES*3, 3), dtype=float)
        The triangle vertices, keeping in mind the unwinding order.
        If the face of the triangle is pointing outwards, the vertices should
        be provided in clokckwise order.
    normals: np.ndarray((NTRIANGLES*3, 3), dtype=float)
        The normals to each of the triangle vertices, used for
        lighting calculations.
    colors: np.ndarray((NTRIANGLES*3, 4), dtype=np.uint8)
        Color for each of the vertices in (r,g,b,a) values
        in the interval [0, 255]
    
    '''
    def __init__(self, widget, vertices, normals, colors, shading='phong', 
                 transparent=False, wireframe=False):
        super(TriangleRenderer, self).__init__(widget)
        
        n_triangles = len(vertices)
        # Convert arrays to numpy arrays, float32 precision,
        # compatible with opengl, and cast to ctypes
        vertices = np.array(vertices, dtype=np.float32)
        normals = np.array(normals, dtype=np.float32)
        colors = np.array(colors, dtype=np.uint8)
        
        self.shading = shading
        self.transparent = transparent
        self.wireframe = wireframe
        
        # Store vertices, colors and normals in 3 different vertex
        # buffer objects
        self._vbo_v = VertexBuffer(vertices, GL_DYNAMIC_DRAW)
        self._vbo_n = VertexBuffer(normals, GL_DYNAMIC_DRAW)
        self._vbo_c = VertexBuffer(colors, GL_DYNAMIC_DRAW)
        
        self._n_triangles = n_triangles
        
[docs]    def setup_shader(self):
        super(TriangleRenderer, self).setup_shader()
        
        shd = {'phong' : 0,
               'toon': 1}[self.shading]
        
        set_uniform(self.shader, 'shading_type', '1i', shd)

        
[docs]    def draw_vertices(self):
        # Draw all the vbo defined in set_atoms
        if self.transparent:
            glEnable(GL_BLEND)
            glBlendFunc(GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA)
            glDepthMask(GL_FALSE)
        if self.wireframe:
            glPolygonMode(GL_FRONT_AND_BACK, GL_LINE)

        glEnableClientState(GL_VERTEX_ARRAY)
        self._vbo_v.bind_vertexes(3, GL_FLOAT)
        
        glEnableClientState(GL_NORMAL_ARRAY)
        self._vbo_n.bind_normals(GL_FLOAT)
        
        glEnableClientState(GL_COLOR_ARRAY)
        self._vbo_c.bind_colors(4, GL_UNSIGNED_BYTE)
        
        glDrawArrays(GL_TRIANGLES, 0, self._n_triangles)
        
        self._vbo_v.unbind()
        self._vbo_n.unbind()
        self._vbo_c.unbind()

        if self.transparent:
            glDisable(GL_BLEND)
            #glBlendFunc(GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA)
            glDepthMask(GL_TRUE)
        if self.wireframe:
            glPolygonMode(GL_FRONT_AND_BACK, GL_FILL)


[docs]    def update_vertices(self, vertices):
        """
        Update the triangle vertices.
        """

        vertices = np.array(vertices, dtype=np.float32)
        self._vbo_v.set_data(vertices)

        
[docs]    def update_normals(self, normals):
        """
        Update the triangle normals.
        """

        normals = np.array(normals, dtype=np.float32)
        self._vbo_n.set_data(normals)


[docs]    def update_colors(self, colors):
        '''
        Update the triangle colors.
        '''
        colors = np.array(colors, dtype=np.float32)
        self._vbo_c.set_data(colors)
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  Source code for ipymd.visualise.opengl.renderers.box

# -*- coding: utf-8 -*-
"""
Created on Mon May 16 10:53:56 2016

@author: cjs14

added patch to allow for line width selection
"""

from __future__ import division
import pkgutil
import numpy as np
from OpenGL.GL import *

from .base import ShaderBaseRenderer
from ....shared.colors import black

[docs]class BoxRenderer(ShaderBaseRenderer):
    '''Used to render one wireframed box.
    
       **Parameters**
        
       widget:
          The parent QChemlabWidget
       vectors: np.ndarray((3,3), dtype=float)
          The three vectors representing the sides of the box.
       origin: np.ndarray((3,3), dtype=float), default to zero
          The origin of the box.
       color: 4 int tuple
          r,g,b,a color in the range [0,255]
       width: float
          width of wireframe lines

    '''

    def __init__(self, widget, vectors, origin=np.zeros(3), color=black, width=1.5):
        vert = pkgutil.get_data("ipymd.visualise.opengl.renderers.opengl_shaders",
                                "default_persp.vert")
        frag = pkgutil.get_data("ipymd.visualise.opengl.renderers.opengl_shaders",
                                "no_light.frag")

        self.color = color
        super(BoxRenderer, self).__init__(widget, vert, frag)
        self.origin = origin
        self.vectors = vectors
        self.width = width
        
[docs]    def draw_vertices(self):
        # We need 8 vertices to draw a box, front and back
        a, b, c = self.vectors

        f1 = c 
        f2 = c + b
        f3 = c + a + b
        f4 = c + a
        
        b1 = [0, 0, 0]
        b2 = b
        b3 = b + a
        b4 = a

        lines_vertices = np.array([
            f1, f2, f2, f3, f3, f4, f4, f1,
            b1, b2, b2, b3, b3, b4, b4, b1,
            b1, f1,
            b2, f2,
            b3, f3,
            b4, f4,
        ]) 
        
        lines_vertices += self.origin
        r, g, b, a = self.color
        
        glColor4f(r/255, g/255, b/255, a/255)
        glLineWidth(self.width)
        glBegin(GL_LINES)
        for i in lines_vertices:
            glVertex3f(*i)
        glEnd()
        glLineWidth(1)

    
[docs]    def update(self, vectors):
        """Update the box vectors.
        """

        self.vectors = vectors
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  Source code for ipymd.visualise.opengl.renderers.base

from OpenGL.GL import (shaders,
                       GL_VERTEX_SHADER, GL_FRAGMENT_SHADER,
                       glUseProgram, GL_FALSE, GLfloat, GL_TRUE)
from ctypes import POINTER

from ..shaders import set_uniform, compileShader
import pkgutil




[docs]class AbstractRenderer(object):
    '''AbstractRenderer is the standard interface for renderers. Each
    renderer have to implement an initialization function __init__ and
    a draw method to do the actual drawing using OpenGL or by using
    other, more basic, renderers.
    
    Usually the renderers have also some custom functions that they
    use to update themselves.  For example a SphereRenderer implements
    the function update_positions to move the spheres around without
    having to regenerate all of the other properties.

    .. seealso:: :doc:`/graphics` for a tutorial on how to develop a simple
                 renderer.
    
    **Parameters**
    
    widget: :py:class:`chemlab.graphics.QChemlabWidget`
         The parent `QChemlabWidget`. Renderers can use the widget
         to access the camera, lights, and other informations.
    
    args, kwargs: Any other argument that they may use.

    '''
    def __init__(self, widget, *args, **kwargs):
        pass
    
[docs]    def draw(self):
        '''Generic drawing function to be implemented by the
        subclasses.

        '''
        pass


    
    

[docs]class ShaderBaseRenderer(AbstractRenderer):
    '''
    Instruments OpenGL with a vertex and a fragment shader.
    
    This renderer automatically binds light and camera
    information. Subclasses should not reimplement the ``draw`` method
    but the ``draw_vertices`` method where you can bind and draw the
    objects.

    **Parameters**
    
    widget:
        The parent :py:class:`~chemlab.graphics.QChemlabWidget`
    vertex: str
        Vertex program as a string
    fragment: str
        Fragment program as a string
    
    '''
    def __init__(self, widget, vertex, fragment):
        self.viewer = widget
        self.VERTEX_SHADER = vertex
        self.FRAGMENT_SHADER = fragment
        self.compile_shader()
        
[docs]    def draw(self):
        self.setup_shader()
        self.draw_vertices()
        glUseProgram(0)

        
[docs]    def draw_vertices(self):
        '''Method to be reimplemented by the subclasses.

        '''
        raise NotImplementedError()

        
[docs]    def compile_shader(self):
        vertex = compileShader(self.VERTEX_SHADER,
                               GL_VERTEX_SHADER)
        fragment = compileShader(self.FRAGMENT_SHADER,
                                 GL_FRAGMENT_SHADER)
        
        self.shader = shaders.compileProgram(vertex, fragment)

        
[docs]    def setup_shader(self):
        glUseProgram(self.shader)
        # Setup the uniforms
        set_uniform(self.shader, "mvproj", "mat4fv", self.viewer.mvproj)
        set_uniform(self.shader, "lightDir", "3f", self.viewer.ldir)
        set_uniform(self.shader, "camera", "3f", self.viewer.camera.position)



[docs]class DefaultRenderer(ShaderBaseRenderer):
    '''Same as
    :py:class:`~chemlab.graphics.renderers.ShaderBaseRenderer` with
    the default shaders.

    You can find the shaders in ``chemlab/graphics/renderers/shaders/``
    under the names of ``default_persp.vert`` and ``default_persp.frag``.

    '''
    
    def __init__(self, widget):
        vert = pkgutil.get_data("ipymd.visualise.opengl.renderers.opengl_shaders",
                                              "default_persp.vert")
        frag = pkgutil.get_data("ipymd.visualise.opengl.renderers.opengl_shaders",
                                                "default_light.frag")
        
        super(DefaultRenderer, self).__init__(widget, vert, frag)

        
[docs]    def setup_shader(self):
        super(DefaultRenderer, self).setup_shader()
        set_uniform(self.shader, "viewmatrix", "mat4fv",
                    self.viewer.camera._get_rotation_matrix().transpose())        

    
[docs]    def draw_vertices(self):
        '''Subclasses should reimplement this method.

        '''
        raise NotImplementedError()
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  Source code for ipymd.visualise.opengl.renderers.atom

# -*- coding: utf-8 -*-
"""
Created on Sun May 15 20:10:20 2016

@author: cjs14

added patch to allow for transparent atoms when using 'impostors' backend
& changed to have pre-processing of colors and radii
"""

import numpy as np

# CJS changed relative paths to chemlab ones
from .base import AbstractRenderer
from .sphere import SphereRenderer
from .sphere_imp import SphereImpostorRenderer
from .point import PointRenderer

[docs]class AtomRenderer(AbstractRenderer):
    """Render atoms by using different rendering methods.
    
    **Parameters**
    
    widget:
        The parent QChemlabWidget
    r_array: np.ndarray((NATOMS, 3), dtype=float)
        The atomic coordinate array
    type_array: np.ndarray((NATOMS, 3), dtype=object)
        An array containing all the atomic symbols like `Ar`, `H`, `O`.
        If the atomic type is unknown, use the `Xx` symbol.
    backend: "impostors" | "polygons" | "points"
        You can choose the rendering method between the sphere impostors, 
        polygonal sphere and points.
    
        .. seealso: :py:class:`~chemlab.graphics.renderers.SphereRenderer`
                    :py:class:`~chemlab.graphics.renderers.SphereImpostorRenderer`
                    :py:class:`~chemlab.graphics.renderers.PointRenderer`
        
    """

    def __init__(self, widget, r_array, radii, colorlist,
                 backend='impostors',
                 shading='phong',
                 transparent=True):

        self.radii = radii        
        self.colors = np.array(colorlist, dtype='uint8')
        if backend == 'polygons':
            self.sr = SphereRenderer(widget, r_array, radii, colorlist,
                                     shading = shading)
            
        elif backend == 'impostors':
            self.sr = SphereImpostorRenderer(widget, r_array.tolist(), radii.tolist(),
                                             colorlist.tolist(), shading=shading, transparent=transparent)
        elif backend == 'points':
            self.sr = PointRenderer(widget, r_array.tolist(), colorlist.tolist())
        else:
            raise Exception("No backend %s available. Choose between polygons, impostors or points" % backend)

[docs]    def draw(self):
        self.sr.draw()

    
[docs]    def update_positions(self, r_array):
        """Update the atomic positions
        """

        self.sr.update_positions(r_array)

    
[docs]    def update_colors(self, cols):
        self.sr.update_colors(cols)

        
[docs]    def update_radii(self, radii):
        self.sr.update_radii(radii)

        
[docs]    def hide(self, mask):
        self.sr.hide(mask)

        
[docs]    def change_shading(self, shd):
        self.sr.change_shading(shd)
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  Source code for ipymd.atom_analysis.nearest_neighbour

# -*- coding: utf-8 -*-
"""
Created on Thu Jul 14 14:05:09 2016

@author: cjs14

functions based on nearest neighbour calculations

"""
import pandas as pd
import numpy as np
from scipy.spatial import cKDTree
from collections import Counter
from IPython.core.display import clear_output
import matplotlib.patches as mpatches

from ..atom_manipulation import Atom_Manipulation
from ..plotting import Plotter

def _createTreeFromEdges(edges):
    """    
    e.g. _createTreeFromEdges([[1,2],[0,1],[2,3],[8,9],[0,3]])
     -> {0: [1], 1: [2, 0], 2: [1, 3], 3: [2,0], 8: [9], 9: [8]}
    """
    tree = {}
    for v1, v2 in edges:
        tree.setdefault(v1, []).append(v2)
        tree.setdefault(v2, []).append(v1)
    return tree
    
def _longest_path(start,tree,lastnode=None):
    """a recursive function to compute the maximum unbroken chain given a tree
    
    e.g. start=0, tree={0: [1], 1: [2, 0], 2: [1, 3], 3: [2,0], 8: [9], 9: [8]}
     -> [0, 1, 2, 3, 0]
    
    """
    if not start in tree:
        return []
    new_tree = tree.copy()
    #nodes = new_tree.pop(start) # can use if don't want to complete loops
    nodes = new_tree[start]
    new_tree[start] = []
        
    path = []
    for node in nodes:        
        if node==lastnode:
            continue # can't go back to lastnode, e.g. 1->2->1
        new_path = _longest_path(node,new_tree,start)
        if len(new_path) > len(path):
            path = new_path
    path.append(start)
    return path    

[docs]def bond_lengths(atoms_df, coord_type, lattice_type, max_dist=4, max_coord=16,
                      repeat_meta=None, rounded=2, min_dist=0.01, leafsize=100):
    """ calculate the unique bond lengths atoms in coords_atoms, w.r.t lattice_atoms
    
    atoms_df : pandas.Dataframe
        all atoms
    coord_type : string
        atoms to calcualte coordination of
    lattice_type : string
        atoms to act as lattice for coordination
    max_dist : float
        maximum distance for coordination consideration
    max_coord : float
        maximum possible coordination number
    repeat_meta : pandas.Series
        include consideration of repeating boundary idenfined by a,b,c in the meta data
    min_dist : float
        lattice points within this distance of the atom will be ignored (assumed self-interaction)
    leafsize : int
        points at which the algorithm switches to brute-force (kdtree specific)
    
    Returns
    -------
    distances : set
        list of unique distances
    
    """        
    if not coord_type in atoms_df.type.values or not lattice_type in atoms_df.type.values:
        return set([])
    
    coord_df = Atom_Manipulation(atoms_df,repeat_meta)
    coord_df.filter_variables(coord_type)
   
    lattice_df = Atom_Manipulation(atoms_df,repeat_meta)
    lattice_df.filter_variables(lattice_type)
    
    if repeat_meta is not None:
        lattice_df.repeat_cell((-1,1),(-1,1),(-1,1))

    lattice_tree = cKDTree(lattice_df.df[['x','y','z']].values, leafsize=leafsize)
    all_dists,all_ids = lattice_tree.query(coord_df.df[['x','y','z']].values, k=max_coord, distance_upper_bound=max_dist)
    
    distances = []
    for dists in all_dists:
        for d in dists:
            if d > min_dist and not np.isinf(d):
                distances.append(round(d,rounded))
        
    return sorted(set(distances))


[docs]def coordination(coord_atoms_df, lattice_atoms_df, max_dist=4, max_coord=16,
                      repeat_meta=None, min_dist=0.01, leafsize=100):
    """ calculate the coordination number of each atom in coords_atoms, w.r.t lattice_atoms
    
    coords_atoms_df : pandas.Dataframe
        atoms to calcualte coordination of
    lattice_atoms_df : pandas.Dataframe
        atoms to act as lattice for coordination
    max_dist : float
        maximum distance for coordination consideration
    max_coord : float
        maximum possible coordination number
    repeat_meta : pandas.Series
        include consideration of repeating boundary idenfined by a,b,c in the meta data
    min_dist : float
        lattice points within this distance of the atom will be ignored (assumed self-interaction)
    leafsize : int
        points at which the algorithm switches to brute-force (kdtree specific)
    
    Returns
    -------
    coords : list
        list of coordination numbers
    
    """
    lattice_df = Atom_Manipulation(lattice_atoms_df,repeat_meta)
    
    if repeat_meta is not None:
        lattice_df.repeat_cell((-1,1),(-1,1),(-1,1))

    lattice_tree = cKDTree(lattice_df.df[['x','y','z']].values, leafsize=leafsize)
    all_dists,all_ids = lattice_tree.query(coord_atoms_df[['x','y','z']].values, k=max_coord, distance_upper_bound=max_dist)
    
    coords = []
    for dists in all_dists:
        coords.append(np.count_nonzero(np.logical_and(dists>min_dist, dists<np.inf)))
    return coords


[docs]def coordination_bytype(atoms_df, coord_type, lattice_type, max_dist=4, max_coord=16,
                      repeat_meta=None, min_dist=0.01, leafsize=100):
    """ returns dataframe with additional column for the coordination number of 
    each atom of coord type, w.r.t lattice_type atoms
    
    effectively an extension of calc_df_coordination
    
    atoms_df : pandas.Dataframe
        all atoms
    coord_type : string
        atoms to calcualte coordination of
    lattice_type : string
        atoms to act as lattice for coordination
    max_dist : float
        maximum distance for coordination consideration
    max_coord : float
        maximum possible coordination number
    repeat_meta : pandas.Series
        include consideration of repeating boundary idenfined by a,b,c in the meta data
    min_dist : float
        lattice points within this distance of the atom will be ignored (assumed self-interaction)
    leafsize : int
        points at which the algorithm switches to brute-force (kdtree specific)
    
    Returns
    -------
    df : pandas.Dataframe
        copy of atoms_df with new column named coord_{coord_type}_{lattice_type}
    
    """
    df = atoms_df.copy()
    df['coord_{0}_{1}'.format(coord_type, lattice_type)] = np.nan      

    if not coord_type in df.type.values or not lattice_type in df.type.values:
        return df
    
    coord_df = Atom_Manipulation(df)
    coord_df.filter_variables(coord_type)
   
    lattice_df = Atom_Manipulation(df)
    lattice_df.filter_variables(lattice_type)
            
    coords = coordination(coord_df.df,lattice_df.df,max_dist, max_coord,
                                    repeat_meta, min_dist, leafsize)
                                    

    df.loc[df['type']==coord_type,'coord_{0}_{1}'.format(coord_type, lattice_type)] = coords
    
    return df

        
[docs]def compare_to_lattice(atoms_df, lattice_atoms_df, max_dist=10,leafsize=100):
    """ calculate the minimum distance of each atom in atoms_df from a lattice point in lattice_atoms_df
    
    atoms_df : pandas.Dataframe
        atoms to calculate for
    lattice_atoms_df : pandas.Dataframe
        atoms to act as lattice points
    max_dist : float
        maximum distance for consideration in computation
    leafsize : int
        points at which the algorithm switches to brute-force (kdtree specific)
    
    Returns
    -------
    distances : list
        list of distances to nearest atom in lattice
    
    """
    lattice_tree = cKDTree(lattice_atoms_df[['x','y','z']].values, leafsize=leafsize)
    dists,idnums = lattice_tree.query(atoms_df[['x','y','z']].values, k=1, distance_upper_bound=max_dist)
    return dists


[docs]def vacancy_identification(atoms_df, res=0.2, nn_dist=2., repeat_meta=None, remove_dups=True,
             color='red',transparency=1.,radius=1, type_name='Vac', leafsize=100, 
             n_jobs=1, ipython_progress=False, ):
        """ identify vacancies
        
        atoms_df : pandas.Dataframe
            atoms to calculate for
        res : float
            resolution of vacancy identification, i.e. spacing of reference lattice
        nn_dist : float
            maximum nearest-neighbour distance considered as a vacancy 
        repeat_meta : pandas.Series
            include consideration of repeating boundary idenfined by a,b,c in the meta data
        remove_dups : bool
            only keep one vacancy site within the nearest-neighbour distance
        leafsize : int
            points at which the algorithm switches to brute-force (kdtree specific)
        n_jobs : int, optional
            Number of jobs to schedule for parallel processing. If -1 is given all processors are used. 
        ipython_progress : bool
            print progress to IPython Notebook
        
        Returns
        -------
        vac_df : pandas.DataFrame
            new atom dataframe of vacancy sites as atoms
        
        """
        xmin, xmax = atoms_df.x.min(),atoms_df.x.max()
        ymin, ymax = atoms_df.y.min(),atoms_df.y.max()
        zmin, zmax = atoms_df.z.min(),atoms_df.z.max()
        xyz = np.mgrid[xmin:xmax:res, ymin:ymax:res, zmin:zmax:res].reshape(3,-1).T

        if repeat_meta is not None:
            repeat = Atom_Manipulation(atoms_df,repeat_meta)
            repeat.repeat_cell((-1,1),(-1,1),(-1,1),original_first=True)
            lattice_df = repeat.df
        else:
            lattice_df = atoms_df

        if ipython_progress:
            clear_output()
            print('creating nearest neighbour tree')
        
        lattice_tree = cKDTree(lattice_df[['x','y','z']].values, leafsize=leafsize)

        if ipython_progress:
            clear_output()
            print('assessing nearest neighbours')

        dists,idnums = lattice_tree.query(xyz, k=1, distance_upper_bound=nn_dist,n_jobs=n_jobs)

        vac_list = []
        for atom,dist in zip(xyz,dists):
            if np.isinf(dist):
                x,y,z = atom
                vac_list.append([type_name,x,y,z,radius,color,transparency])
                
        df = pd.DataFrame(vac_list,columns=['type','x','y','z','radius','color','transparency'])
        
        if remove_dups and df.shape[0]>0:
            vac_tree = cKDTree(df[['x','y','z']].values)
            pairs = np.asarray(list(vac_tree.query_pairs(nn_dist)))
            #drop first atom of each pair
            if pairs.shape[0] > 0:
                df.drop(pairs[:,0],inplace=True)

        if ipython_progress:
            clear_output()
        
        return df

    
#TODO group atoms into specified molecules e.g. S2 or CaCO3
# http://chemwiki.ucdavis.edu/Textbook_Maps/Inorganic_Chemistry_Textbook_Maps/Map%3A_Inorganic_Chemistry_(Wikibook)/Chapter_08%3A_Ionic_and_Covalent_Solids_-_Structures/8.2%3A_Structures_related_to_NaCl_and_NiAs
# maybe supply central atom type(s) and 'other' atoms type(s), filter df by required atom types, 
# then find nearest neighbours of central (removing molecule each time)
# create molecule x,y,z from average of central atoms
        
#http://www.ovito.org/manual/particles.modifiers.common_neighbor_analysis.html
#https://www.quora.com/Given-a-set-of-atomic-types-and-coordinates-from-an-MD-simulation-is-there-a-good-algorithm-for-determining-its-likely-crystal-structure?__filter__=all&__nsrc__=2&__snid3__=179254150
# http://iopscience.iop.org/article/10.1088/0965-0393/20/4/045021/pdf            
[docs]def common_neighbour_analysis(atoms_df, upper_bound=4, max_neighbours=24,
                              repeat_meta=None, leafsize=100, ipython_progress=False):
    """ compute atomic environment of each atom in atoms_df
    
    Based on Faken, Daniel and Jónsson, Hannes,
    'Systematic analysis of local atomic structure combined with 3D computer graphics',
    March 1994, DOI: 10.1016/0927-0256(94)90109-0
    
    ideally:
    - FCC = 12 x 4,2,1
    - HCP = 6 x 4,2,1 & 6 x 4,2,2
    - BCC = 6 x 6,6,6 & 8 x 4,4,4
    - icosahedral = 12 x 5,5,5
    
    Paramaters
    ----------
    repeat_meta : pandas.Series
        include consideration of repeating boundary idenfined by a,b,c in the meta data
    ipython_progress : bool
        print progress to IPython Notebook

    Returns
    -------
    df : pandas.Dataframe
        copy of atoms_df with new column named cna

    """
    df = atoms_df.copy()
    max_id = df.shape[0] - 1 # starts at 0
    
    if repeat_meta is not None:
        repeat = Atom_Manipulation(df,repeat_meta)
        repeat.repeat_cell((-1,1),(-1,1),(-1,1),original_first=True)
        lattice_df = repeat.df
    else:
        lattice_df = df

    if ipython_progress:
        print('creating nearest neighbours dictionary')
    
    # create nearest neighbours dictionary
    lattice_tree = cKDTree(lattice_df[['x','y','z']].values, leafsize=leafsize)
    all_dists,all_ids = lattice_tree.query(lattice_df[['x','y','z']].values, k=max_neighbours+1, distance_upper_bound=upper_bound)
    
    nn_ids = {}
    #nn_dists = {}
    for dists,ids in zip(all_dists,all_ids):
        
        mask = np.logical_and(dists>0.01, dists<np.inf)
        # assume first id is of that atom, i.e. dists[0]==0
        assert dists[0]==0, dists
        nn_ids[ids[0]] = ids[mask]
        #nn_dists[ids[0]] = dists[mask]
        
    jkls = {}
    for lid, nns in nn_ids.iteritems():
        if lid > max_id:
            continue
        if ipython_progress:
            clear_output()
            print('assessing nearest neighbours: {0} of {1}'.format(lid,max_id))
        jkls[lid] = []
        for nn in nns:
            # j is number of shared nearest neighbours
            common_nns = set(nn_ids[nn]).intersection(nns)
            j = len(common_nns)
            # k is number of bonds between nearest neighbours
            nn_bonds = []
            for common_nn in common_nns:
                for nn_bond in set(nn_ids[common_nn]).intersection(common_nns):
                    if sorted((common_nn, nn_bond)) not in nn_bonds:
                        nn_bonds.append(sorted((common_nn, nn_bond)))
            k = len(nn_bonds)
            # l is longest chain of nearest neighbour bonds
            tree = _createTreeFromEdges(nn_bonds)
            chain_lengths = [0]
            for node in tree.iterkeys():
                chain_lengths.append(len(_longest_path(node, tree))-1)
            l = max(chain_lengths)

            jkls[lid].append('{0},{1},{2}'.format(j,k,l))
        
        jkls[lid] = Counter(jkls[lid])

    df['cna'] = [jkls[key] for key in sorted(jkls)]
    
    if ipython_progress:
        clear_output()
    
    return df

    

def _equala(i, j, accuracy):
    return j*accuracy <= i <= j+j*(1-accuracy)
    
[docs]def cna_categories(atoms_df, accuracy=1., upper_bound=4, max_neighbours=24,
                repeat_meta=None, leafsize=100, ipython_progress=False):
    """ compute summed atomic environments of each atom in atoms_df
    
    Based on Faken, Daniel and Jónsson, Hannes,
    'Systematic analysis of local atomic structure combined with 3D computer graphics',
    March 1994, DOI: 10.1016/0927-0256(94)90109-0
    
    signatures:
    - FCC = 12 x 4,2,1
    - HCP = 6 x 4,2,1 & 6 x 4,2,2
    - BCC = 6 x 6,6,6 & 8 x 4,4,4
    - Diamond = 12 x 5,4,3 & 4 x 6,6,3
    - Icosahedral = 12 x 5,5,5
    
    Parameters
    ----------
    accuracy : float
        0 to 1 how accurate to fit to signature
    repeat_meta : pandas.Series
        include consideration of repeating boundary idenfined by a,b,c in the meta data
    ipython_progress : bool
        print progress to IPython Notebook

    Returns
    -------
    df : pandas.Dataframe
        copy of atoms_df with new column named cna

    """
    df = common_neighbour_analysis(atoms_df, upper_bound, max_neighbours, 
                                        repeat_meta, leafsize=leafsize, 
                                        ipython_progress=ipython_progress)
    
    cnas = df.cna.values
    
    atype = []
    for counter in cnas:
        if _equala(counter['4,2,1'],6,accuracy) and _equala(counter['4,2,2'],6,accuracy):
            atype.append('HCP')
        elif _equala(counter['4,2,1'],12,accuracy):
            atype.append('FCC')
        elif _equala(counter['6,6,6'],8,accuracy) and _equala(counter['4,4,4'],6,accuracy):
            atype.append('BCC')
        elif _equala(counter['5,4,3'],12,accuracy) and _equala(counter['6,6,3'],4,accuracy):
            atype.append('Diamond')
        elif _equala(counter['5,5,5'],12,accuracy):
            atype.append('Icosahedral')
        else:
            atype.append('Other')
    df.cna = atype
    return df


[docs]def cna_sum(atoms_df, upper_bound=4, max_neighbours=24,
                repeat_meta=None, leafsize=100, ipython_progress=False):
    """ compute summed atomic environments of each atom in atoms_df
    
    Based on Faken, Daniel and Jónsson, Hannes,
    'Systematic analysis of local atomic structure combined with 3D computer graphics',
    March 1994, DOI: 10.1016/0927-0256(94)90109-0
    
    common signatures:
    - FCC = 12 x 4,2,1
    - HCP = 6 x 4,2,1 & 6 x 4,2,2
    - BCC = 6 x 6,6,6 & 8 x 4,4,4
    - Diamond = 12 x 5,4,3 & 4 x 6,6,3
    - Icosahedral = 12 x 5,5,5

    Parameters
    ----------
    repeat_meta : pandas.Series
        include consideration of repeating boundary idenfined by a,b,c in the meta data
    ipython_progress : bool
        print progress to IPython Notebook

    Returns
    -------
    counter : Counter
        a counter of cna signatures

    """
    df = common_neighbour_analysis(atoms_df, upper_bound, max_neighbours, 
                                        repeat_meta, leafsize=leafsize, 
                                        ipython_progress=ipython_progress)
    
    cnas = df.cna.values
    return sum(cnas,Counter())


#TODO move plotting to plotting module
[docs]def cna_plot(atoms_df, upper_bound=4, max_neighbours=24,
                repeat_meta=None, leafsize=100, 
                barwidth=1, ipython_progress=False):
    """ compute summed atomic environments of each atom in atoms_df
    
    Based on Faken, Daniel and Jónsson, Hannes,
    'Systematic analysis of local atomic structure combined with 3D computer graphics',
    March 1994, DOI: 10.1016/0927-0256(94)90109-0
    
    common signatures:
    - FCC = 12 x 4,2,1
    - HCP = 6 x 4,2,1 & 6 x 4,2,2
    - BCC = 6 x 6,6,6 & 8 x 4,4,4
    - Diamond = 12 x 5,4,3 & 4 x 6,6,3
    - Icosahedral = 12 x 5,5,5

    Parameters
    ----------
    repeat_meta : pandas.Series
        include consideration of repeating boundary idenfined by a,b,c in the meta data
    ipython_progress : bool
        print progress to IPython Notebook

    Returns
    -------
    plot : matplotlib.pyplot
        a matplotlib plot

    """
    df = common_neighbour_analysis(atoms_df, upper_bound, max_neighbours, 
                                        repeat_meta, leafsize=leafsize, 
                                        ipython_progress=ipython_progress)
    
    cnas = df.cna.values
    counter = sum(cnas,Counter())
    
    labels, values = zip(*counter.items())
    indexes = np.arange(len(labels))

    colors = []
    patches = []
    d = {'4,2,1':['orange','FCC or HCP (1 of 2)'],
         '4,2,2':['red','HCP (1 of 2)'],
         '6,6,6':['green','BCC (1 of 2)'],
         '4,4,4':['green','BCC (2 of 2)'],
        '5,5,5':['purple','Icosahedral'],
         '5,4,3':['grey','Diamond (1 of 2)'],
         '6,6,3':['grey','Diamond (1 of 2)']}
    for label in labels:
        if label in d:
            colors.append(d[label][0])
            patches.append(mpatches.Patch(color=d[label][0], label=d[label][1]))
        else:
            colors.append('blue')
           
    plot = Plotter()
    plot.axes.barh(indexes, values, barwidth, color=colors)
    plot.axes.set_yticks(indexes + barwidth * 0.5, labels)
    plot.axes.grid(True)
    if patches:
        plot.axes.legend(handles=patches)

    plot.axes.set_ylabel('i,j,k')
    
    return plot


#TODO _group_molecules needs work
def _group_molecules(atom_df,moltypes,maxdist=3,repeat_meta=None,
                    mean_xyz=True,remove_atoms=True,
                    color='red',transparency=1.,radius=1.,
                    leafsize=100):
    molname = ''.join(['{}_{}'.format(k,v) 
                    for k,v in Counter(moltypes).iteritems()])

    search_df = atom_df[atom_df.type.isin([moltypes[0]])].copy()
    #old_index = search_df.index
    search_df.reset_index(inplace=True)

    if repeat_meta is not None:
        manip = Atom_Manipulation(search_df,repeat_meta)
        manip.repeat_cell((-1,1), (-1,1), (-1, 1),original_first=True)
        lattice_df = manip.df
        lattice_df.reset_index(inplace=True,drop=True)
        rep_map = dict(zip(range(lattice_df.shape[0]),list(search_df.index)*27))
    else:
        lattice_df = search_df.copy()    
        rep_map = dict(zip(range(search_df.shape[0]),list(search_df.index)))

    lattice_tree = cKDTree(lattice_df[['x','y','z']].values, leafsize=leafsize)
    dists,idnums = lattice_tree.query(search_df[['x','y','z']].values, k=len(moltypes), distance_upper_bound=maxdist)

    mol_data = []
    used_repeat = []
    for i,dist,idnum in zip(search_df.index, dists,idnums):
        #print i, old_index[i], dist, [rep_map[m] for m in idnum]
        if i in used_repeat:
            continue    
        mol = [i]
        for j, d in zip(idnum[1:],dist[1:]):
            if not j in mol and not np.isinf(d) and not rep_map.get(j) in used_repeat:
                #used_repeat.append(rep_map[j])
                mol.append(j)
            else:
                print('warning incomplete molecule')#, idnum, dist, j, rep_map.get(j)
        
        repeat_mol = [rep_map[m] for m in mol]
        if len(mol) == len(moltypes):
            
            used_repeat.extend(repeat_mol)
            if mean_xyz:
                x,y,z = search_df.loc[repeat_mol,['x','y','z']].mean().values
            else:
                x,y,z = search_df.loc[i,['x','y','z']].values
            mol_data.append([molname,x,y,z,radius,color,transparency])
        #print i, repeat_mol

    df = atom_df.copy()
    if remove_atoms:
        df.drop(used_repeat, inplace=True)
    if mol_data:
        moldf = pd.DataFrame(mol_data,columns=['type','x','y','z','radius','color','transparency'])
        df = pd.concat([df,moldf])
    return df
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  Source code for ipymd.visualise.opengl.renderers.triangles

'''TriangleRenderer is the basics for other shapes, we pass just
triangle vertices and we got the result.

'''
import numpy as np

from .base import DefaultRenderer
from ..buffers import VertexBuffer
from ..shaders import set_uniform

from OpenGL.GL import (GL_DYNAMIC_DRAW, GL_VERTEX_ARRAY, GL_NORMAL_ARRAY,
                       GL_COLOR_ARRAY, GL_UNSIGNED_BYTE, GL_FLOAT, GL_TRIANGLES,
                       glEnableClientState, glDrawArrays)

[docs]class TriangleRenderer(DefaultRenderer):
    '''Renders an array of triangles.

    A lot of renderers are built on this, for example
    :py:class:`~chemlab.graphics.renderers.SphereRenderer`. The
    implementation is relatively fast since it's based on
    VertexBuffers.
    
    .. image:: /_static/triangle_renderer.png
    
    **Parameters**
    
    widget:
        The parent QChemlabWidget
    vertices: np.ndarray((NTRIANGLES*3, 3), dtype=float)
        The triangle vertices, keeping in mind the unwinding order.
        If the face of the triangle is pointing outwards, the vertices should
        be provided in clokckwise order.
    normals: np.ndarray((NTRIANGLES*3, 3), dtype=float)
        The normals to each of the triangle vertices, used for
        lighting calculations.
    colors: np.ndarray((NTRIANGLES*3, 4), dtype=np.uint8)
        Color for each of the vertices in (r,g,b,a) values
        in the interval [0, 255]
    
    '''
    def __init__(self, widget, vertices, normals, colors, shading='phong'):
        super(TriangleRenderer, self).__init__(widget)
        
        n_triangles = len(vertices)
        # Convert arrays to numpy arrays, float32 precision,
        # compatible with opengl, and cast to ctypes
        vertices = np.array(vertices, dtype=np.float32)
        normals = np.array(normals, dtype=np.float32)
        colors = np.array(colors, dtype=np.uint8)
        
        self.shading = shading
        
        # Store vertices, colors and normals in 3 different vertex
        # buffer objects
        self._vbo_v = VertexBuffer(vertices, GL_DYNAMIC_DRAW)
        self._vbo_n = VertexBuffer(normals, GL_DYNAMIC_DRAW)
        self._vbo_c = VertexBuffer(colors, GL_DYNAMIC_DRAW)
        
        self._n_triangles = n_triangles
        
[docs]    def setup_shader(self):
        super(TriangleRenderer, self).setup_shader()
        
        shd = {'phong' : 0,
               'toon': 1}[self.shading]
        
        set_uniform(self.shader, 'shading_type', '1i', shd)

        
[docs]    def draw_vertices(self):
        # Draw all the vbo defined in set_atoms
        glEnableClientState(GL_VERTEX_ARRAY)
        self._vbo_v.bind_vertexes(3, GL_FLOAT)
        
        glEnableClientState(GL_NORMAL_ARRAY)
        self._vbo_n.bind_normals(GL_FLOAT)
        
        glEnableClientState(GL_COLOR_ARRAY)
        self._vbo_c.bind_colors(4, GL_UNSIGNED_BYTE)
        
        glDrawArrays(GL_TRIANGLES, 0, self._n_triangles)
        
        self._vbo_v.unbind()
        self._vbo_n.unbind()
        self._vbo_c.unbind()

    
[docs]    def update_vertices(self, vertices):
        """
        Update the triangle vertices.
        """

        vertices = np.array(vertices, dtype=np.float32)
        self._vbo_v.set_data(vertices)

        
[docs]    def update_normals(self, normals):
        """
        Update the triangle normals.
        """

        normals = np.array(normals, dtype=np.float32)
        self._vbo_n.set_data(normals)


[docs]    def update_colors(self, colors):
        '''
        Update the triangle colors.
        '''
        colors = np.array(colors, dtype=np.float32)
        self._vbo_c.set_data(colors)
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  Source code for ipymd.atom_analysis.basic

# -*- coding: utf-8 -*-
"""
Created on Thu Jul 14 14:06:40 2016

@author: cjs14

functions to calculate basic properties of the atoms

"""
import numpy as np
from scipy.spatial import ConvexHull

from ..shared.transformations import angle_between_vectors

[docs]def volume_bb(vectors=[[1,0,0],[0,1,0],[0,0,1]], rounded=None,
              cells=(1,1,1)):
    """ calculate volume of the bounding box        

    Parmeters
    ---------
    rounded : int
        the number of decimal places to return
    cells : (int,int,int)
        how many unit cells the vectors represent in each direction
    
    Returns
    -------
    volume : float
    
    """
    a,b,c = np.asarray(vectors)
    a,b,c = a/cells[0],b/cells[1],c/cells[2]
    vol = a.dot(np.cross(b,c))
    if rounded is not None:
        vol = round(vol, rounded)
    return vol


[docs]def lattparams_bb(vectors=[[1,0,0],[0,1,0],[0,0,1]],
                     rounded=None, cells=(1,1,1)):
    """ calculate unit cell parameters of the bounding box 
    
    Parmeters
    ---------
    rounded : int
        the number of decimal places to return
    cells : (int,int,int)
        how many unit cells the vectors represent in each direction
    
    Returns
    -------
    a, b, c, alpha, beta, gamma (in degrees)
    
    """
    
    a,b,c = np.asarray(vectors)
    a0,b0,c0 = cells
    a = a/a0
    b = b/b0
    c = c/c0
    
    a_length = np.linalg.norm(a)
    b_length = np.linalg.norm(b)
    c_length = np.linalg.norm(c)
    
    alpha = np.degrees(angle_between_vectors(b,c))
    beta = np.degrees(angle_between_vectors(a,c))
    gamma = np.degrees(angle_between_vectors(a,b))

    if rounded is not None:
        a_length = round(a_length, rounded)
        b_length = round(b_length, rounded)
        c_length = round(c_length, rounded)
        alpha = round(alpha, rounded)
        beta = round(beta, rounded)
        gamma = round(gamma, rounded)
    
    return a_length, b_length, c_length, alpha, beta, gamma

    
    
[docs]def density_bb(atoms_df, vectors=[[1,0,0],[0,1,0],[0,0,1]]):
    """ calculate density of the bounding box (assuming all atoms are inside)
    """
    assert set(atoms_df.columns).issuperset(['mass'])
    mass = atoms_df['mass'].sum()
    vol = volume_bb(vectors)
    
    return mass/vol

    
[docs]def volume_points(atoms_df):
    """ calculate volume of the shape encompasing all atom coordinates """
    assert set(atoms_df.columns).issuperset(['x','y','z'])
    points = atoms_df[['x','y','z']].values
    hull = ConvexHull(points)
    return hull.volume
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  Source code for ipymd.visualise.opengl.renderers.hexagon

# -*- coding: utf-8 -*-
"""
Created on Mon May 16 12:41:12 2016

@author: cjs14
"""

from __future__ import division
import pkgutil
import math
import numpy as np
from OpenGL.GL import *

from .base import ShaderBaseRenderer
from ....shared.colors import black

[docs]class HexagonRenderer(ShaderBaseRenderer):
    '''Used to render one wireframed hexagonal prism.
    
       **Parameters**
        
       widget:
          The parent QChemlabWidget
       vectors: np.ndarray((2,3), dtype=float)
          The two vectors representing the orthogonal a,c crystal vectors.
       origin: np.ndarray((3,), dtype=float), default to zero
          The origin of the box.
       color: 4 int tuple
          r,g,b,a color in the range [0,255]
       width: float
          width of wireframe lines

    '''

    def __init__(self, widget, vectors, origin=np.zeros(3), color=black, width=1.5):
        vert = pkgutil.get_data("ipymd.visualise.opengl.renderers.opengl_shaders",
                                "default_persp.vert")
        frag = pkgutil.get_data("ipymd.visualise.opengl.renderers.opengl_shaders",
                                "no_light.frag")

        self.color = color
        super(HexagonRenderer, self).__init__(widget, vert, frag)
        self.origin = origin
        self.vectors = vectors
        self.width = width
        

    def _rotate(self, v, axis, theta):
        """
        Return the rotation matrix associated with counterclockwise rotation about
        the given axis by theta degrees.
        """
        axis = np.asarray(axis)
        theta = np.asarray(theta)*np.pi/180.
        axis = axis/math.sqrt(np.dot(axis, axis))
        a = math.cos(theta/2.0)
        b, c, d = -axis*math.sin(theta/2.0)
        aa, bb, cc, dd = a*a, b*b, c*c, d*d
        bc, ad, ac, ab, bd, cd = b*c, a*d, a*c, a*b, b*d, c*d
        rotation_matrix = np.array([[aa+bb-cc-dd, 2*(bc+ad), 2*(bd-ac)],
                         [2*(bc-ad), aa+cc-bb-dd, 2*(cd+ab)],
                         [2*(bd+ac), 2*(cd-ab), aa+dd-bb-cc]])    
        return np.dot(rotation_matrix, v)
        
[docs]    def draw_vertices(self):
        # We need 12 vertices to draw a hexagonal prism, top and bottom
        a, c = self.vectors

        b1 = a
        b2 = self._rotate(a, c, 60)
        b3 = self._rotate(a, c, 120)
        b4 = self._rotate(a, c, 180)
        b5 = self._rotate(a, c, 240)
        b6 = self._rotate(a, c, 300)
                
        t1 = b1 + c
        t2 = b2 + c
        t3 = b3 + c
        t4 = b4 + c
        t5 = b5 + c
        t6 = b6 + c

        lines_vertices = np.array([
            b1, b2, b2, b3, b3, b4, b4, b5, b5, b6, b6, b1,
            t1, t2, t2, t3, t3, t4, t4, t5, t5, t6, t6, t1,
            b1, t1,
            b2, t2,
            b3, t3,
            b4, t4,
            b5, t5,
            b6, t6,
        ]) 
        
        lines_vertices += self.origin
        r, g, b, a = self.color
        
        glColor4f(r/255, g/255, b/255, a/255)
        glLineWidth(self.width)
        glBegin(GL_LINES)
        for i in lines_vertices:
            glVertex3f(*i)
        glEnd()
        glLineWidth(1)

    
[docs]    def update(self, vectors):
        """Update the box vectors.
        """

        self.vectors = vectors
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  Source code for ipymd.visualise.opengl.renderers.point

from .base import ShaderBaseRenderer
from OpenGL.GL import *
from ..buffers import VertexBuffer

import numpy as np
import pkgutil

[docs]class PointRenderer(ShaderBaseRenderer):
    '''Render colored points.

    **Parameters**

    widget:
        The parent QChemlabWidget
    positons: np.ndarray((NPOINTS, 3), dtype=np.float32)
        Positions of the points to draw.
    colors: np.ndarray((NPOINTS, 4), dtype=np.uint8) or list of tuples
        Color of each point in the (r,g,b,a) format in the interval
        [0, 255]
    
    '''
    def __init__(self, widget, positions, colors):
        vert = pkgutil.get_data("ipymd.visualise.opengl.renderers.opengl_shaders",
                                "default_persp.vert")
        frag = pkgutil.get_data("ipymd.visualise.opengl.renderers.opengl_shaders",
                                "no_light.frag")
        super(PointRenderer, self).__init__(widget, vert, frag)

        glPointSize(2.0)
        glEnable(GL_POINT_SMOOTH)        
        
        self.viewer = widget
        self.n_points = len(positions)
        
        vertices = np.array(positions, dtype=np.float32)
        colors = np.array(colors, dtype=np.uint8)
        
        self._vbo_v = VertexBuffer(vertices, GL_DYNAMIC_DRAW)
        self._vbo_c = VertexBuffer(colors, GL_DYNAMIC_DRAW)
        
[docs]    def draw_vertices(self):
        glEnableClientState(GL_VERTEX_ARRAY)
        self._vbo_v.bind_vertexes(3, GL_FLOAT)
        
        glEnableClientState(GL_COLOR_ARRAY)
        self._vbo_c.bind_colors(4, GL_UNSIGNED_BYTE)
        
        glDrawArrays(GL_POINTS, 0, self.n_points)
        
        glDisableClientState(GL_VERTEX_ARRAY)
        glDisableClientState(GL_COLOR_ARRAY)
        
        self._vbo_v.unbind()
        self._vbo_c.unbind()

        
[docs]    def update_positions(self, vertices):
        '''Update the point positions
        '''
        vertices = np.array(vertices, dtype=np.float32)
        self._vbo_v.set_data(vertices)

        
[docs]    def update_colors(self, colors):
        '''Update the colors
        '''
        
        colors = np.array(colors, dtype=np.uint8)
        self._vbo_c.set_data(colors)
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  Source code for ipymd.visualise.opengl.renderers.sphere

import numpy as np

from .base import AbstractRenderer
from .triangles import TriangleRenderer
from ....shared.transformations import normalized


[docs]class SphereRenderer(AbstractRenderer):
    '''Renders a set of spheres.

    The method used by this renderer is approximating a sphere by
    using triangles. While this is reasonably fast, for best
    performance and animation you should use
    :py:class:`~chemlab.graphics.renderers.SphereImpostorRenderer`
    
    .. image:: /_static/sphere_renderer.png
    
    **Parameters**

    widget:
        The parent ``QChemlabWidget``
    
    poslist: np.ndarray((NSPHERES, 3), dytpe=float)
        A position array. While there aren't dimensions, in the context
        of chemlab 1 unit of space equals 1 nm.
    
    radiuslist: np.ndarray(NSPHERES, dtype=float)
        An array with the radius of each sphere.
    
    colorlist: np.ndarray(NSPHERES, 4) or list of tuples
        An array with the color of each sphere. Suitable colors are
        those found in ``chemlab.graphics.colors`` or any
        tuple with values (r, g, b, a) in the range [0, 255]
    
    '''

    def __init__(self, widget, poslist, radiuslist, colorlist, shading='phong'):
        
        self.viewer = widget

        self.poslist = poslist
        self.radiuslist = radiuslist
        self.colorlist = colorlist
        self.n_spheres = len(poslist)
        
        
        # Initialize a sphere object with radius 1 that contains our
        # triangles. We use that to generate the vertices and normals
        _SPHERE_MRES = Sphere(1.0, np.array([0.0, 0.0, 0.0]), parallels=10, meridians=15)
        
        sp_verts = _SPHERE_MRES.tri_vertex.astype(np.float32)
        sp_norms = _SPHERE_MRES.tri_normals.astype(np.float32)
        
        verts_one_sphere = len(sp_verts)
        

        # To produce a general sphere from a sphere radius 1 centered
        # in origin, we have to multiply each vertex of the sphere by the radius
        # and then translate that by the position of the sphere

        # We do that in a tight numpy operation
        self.sp_verts = sp_verts#reshape((sp_verts.shape[0]/3, 3))
        
        # Correct
        sphs_verts = np.tile(self.sp_verts, self.n_spheres)
        sphs_verts = sphs_verts.reshape((self.n_spheres, len(self.sp_verts)/3, 3))
        
        sphs_verts *= np.array(radiuslist).reshape(self.n_spheres, 1, 1)
        self.sphs_verts_radii = sphs_verts.copy()
        sphs_verts += np.array(poslist).reshape(self.n_spheres, 1, 3)
        
        self._n_triangles = len(sp_verts)/3 * self.n_spheres
        
        vertices = sphs_verts
        
        
        normals = np.tile(sp_norms, self.n_spheres)
        colors_ = np.repeat(colorlist, verts_one_sphere/3, axis=0)


        self.tr = TriangleRenderer(widget, vertices.flatten(),
                                   normals.flatten(), colors_, shading=shading)
    
[docs]    def draw(self):
        self.tr.draw()


[docs]    def update_positions(self, positions):
        '''Update the sphere positions.
        '''
        sphs_verts = self.sphs_verts_radii.copy()
        sphs_verts += positions.reshape(self.n_spheres, 1, 3)

        self.tr.update_vertices(sphs_verts)
        self.poslist = positions

        
[docs]    def update_colors(self, colorlist):
        
        self.tr.update_colors(colorlist)



[docs]class Sphere(object):
    def __init__(self, radius, center, parallels=20, meridians=15, color=[0.0, 0.0, 0.0, 0.0]):
        '''Create a Sphere object specifying its radius its center point. You can modulate its smoothness using the
        parallel and meridians settings.

        '''
        self.radius = radius
        self.center = center
        self.parallels = parallels
        self.meridians = meridians
        self.color = color
        
        self.vertices = []
        self.indices = []
        self.normals = []

        self.tri_vertex = []
        self.tri_color = []
        self.tri_normals = []
        
        self.update_vlist = False
        self._generate_vertices()

    def _generate_vertices(self):
        # Tip of the sphere
        tip = np.array([0.0, 0.0, self.radius])
        # Bottom of the sphere
        bottom = np.array([0.0, 0.0, -self.radius])
        
        dphi = np.pi/self.parallels 
        dtheta = 2*np.pi/self.meridians
        
        self.vertices.append(tip)
        for j in range(1, self.parallels):
            point_z = self.radius*np.cos(dphi*j)
            for i in range(self.meridians+1):
                point_x = np.sin(dphi*j)*np.cos(i*dtheta)*self.radius
                point_y = np.sin(dphi*j)*np.sin(i*dtheta)*self.radius
                self.vertices.append(np.array([point_x, point_y, point_z]))
        self.vertices.append(bottom)
        
        
        self.vertices = np.array(self.vertices)

        # Normals, this is quite easy since they are the vertices
        for vertex in self.vertices:
            self.normals.append(normalized(vertex))
        self.normals = np.array(self.normals) # Numpyize
        
        # Translate the sphere
        for i, vertex in enumerate(self.vertices):
            self.vertices[i] -= self.center 

        # Generating triangles!!
        # Draw each triangle in order to form the sphere
        m = self.meridians
        
        # Cap of the sphere
        cap_i = [np.array([0, 1, 2]) + np.array([0, 1, 1])*i for i in range(m)] # Up to the last point minus 1
        cap_i = np.array(cap_i).flatten()
        indexed = cap_i
        
        # Body of the sphere
        for k in range(self.parallels-2):
            offset = 1 + k*(m+1)
            body_0 = offset + np.array([0, m+1, 1, 1, m + 1, m + 2]) # first two triangles
            body_i = np.concatenate([body_0 + i for i in range(m)])
            indexed = np.concatenate((indexed, body_i))
        
        # Bottom of the sphere
        offset += m

        last = len(self.vertices) - 1
        bot_i = [np.array([last, 1 + offset, 2 + offset]) +
                 np.array([0, 1, 1])*i for i
                 in range(m)]
        indexed = np.concatenate((indexed, np.array(bot_i).flatten()))
        self.tri_vertex = self.vertices[indexed].flatten()
        self.tri_normals = self.normals[indexed].flatten()

        self.tri_n = len(indexed)
        self.tri_color = self.tri_n * self.color
        
        
[docs]    def rotate(self, axis, angle):
        rotmat = rotation_matrix( angle,axis)[:3,:3]
        
        # Rototranslate the vertices and