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Installation

The most convenient way to install spatialist is by using conda:

conda install --channel conda-forge spatialist





See below for more detailed Linux installation instructions outside of the Anaconda framework.


Installation of dependencies


GDAL

spatialist requires GDAL version >=2.1 built with GEOS and PROJ4 as dependency as well as the GDAL Python binding.
Alternatively, one can use pygdal [https://github.com/nextgis/pygdal],
a virtualenv and setuptools friendly version of standard GDAL python bindings.

Ubuntu

Starting with release Yakkety (16.10), Ubuntu comes with GDAL >2.1.
See here [https://launchpad.net/ubuntu/yakkety/amd64/gdal-bin].
You can install it like this:

sudo apt-get install python-gdal python3-gdal gdal-bin





For older Ubuntu releases you can add the ubuntugis repository to apt prior to installation to install
version >2.1:

sudo add-apt-repository ppa:ubuntugis/ppa
sudo apt-get update





This way the required dependencies (GEOS and PROJ4 in particular) are also installed.
You can check the version by typing:

gdalinfo --version





Debian

Starting with Debian 9 (Stretch) GDAL is available in version >2.1 in the official repository.

Building from source

Alternatively, you can build GDAL and the dependencies from source. The script spatialist/install/install_deps.sh
gives specific instructions on how to do it. It is not yet intended to run this script via shell, but rather to
follow the instructions step by step.



SQLite + SpatiaLite

Windows

While sqlite3 and its Python binding are usually already installed, the spatialite extension needs to be
added. Two packages exist, libspatialite and mod_spatialite. Both can be used by spatialist.
It is strongly recommended to use Ubuntu >= 16.04 (Xenial) or Debian >=9 (Stretch),
which offer the package libsqlite3-mod-spatialite. This package is specifically intended to only serve as an
extension to sqlite3 and can be installed like this:

sudo apt-get install libsqlite3-mod-spatialite





After installation, the following can be run in Python to test the needed functionality:

import sqlite3
# setup an in-memory database
con = sqlite3.connect(':memory:')
# enable loading extensions and load spatialite
con.enable_load_extension(True)
try:
    con.load_extension('mod_spatialite.so')
except sqlite3.OperationalError:
    con.load_extension('libspatialite.so')





In case loading extensions is not permitted you might need to install the package pysqlite2.
See the script spatialist/install/install_deps.sh for instructions.
There you can also find instructions on how to install spatialite from source.
To test pysqlite2 you can import it as follows and then run the test above:

from pysqlite2 import dbapi2 as sqlite3





Installing this package is likely to cause problems with the sqlite3 library installed on the system.
Thus, it is safer to build a static sqlite3 library for it (see installation script).




Installation of spatialist

For the installation we need the Python tool pip.

sudo apt-get install python-pip





Once everything is set up, spatialist is ready to be installed. You can install stable releases like this:

python -m pip install spatialist





or the latest GitHub master branch using git like this:

sudo apt-get install git
sudo python -m pip install git+https://github.com/johntruckenbrodt/spatialist.git









          

      

      

    

  

    
      
          
            
  
API Documentation


Raster Class


	
class spatialist.raster.Raster(filename, list_separate=True, timestamps=None)[source]

	This is intended as a raster meta information handler with options for reading and writing raster data in a
convenient manner by simplifying the numerous options provided by the GDAL [http://www.gdal.org/] python binding.
Several methods are provided along with this class to directly modify the raster object in memory or directly
write a newly created file to disk (without modifying the raster object itself).
Upon initializing a Raster object, only metadata is loaded. The actual data can be, for example,
loaded to memory by calling methods matrix() or load().


	Parameters

	
	filename (str or list or gdal.Dataset [https://gdal.org/python/osgeo.gdal.Dataset-class.html]) – the raster file(s)/object to read


	list_separate (bool [https://docs.python.org/3/library/functions.html#bool]) – treat a list of files as separate layers or otherwise as a single layer? The former is intended for single
layers of a stack, the latter for tiles of a mosaic.


	timestamps (list of str or None [https://docs.python.org/3/library/constants.html#None]) – the time information for each layer









	
__getitem__(index)[source]

	subset the object by slices or vector geometry. If slices are provided, one slice for each raster dimension
needs to be defined. I.e., if the raster object contains several image bands, three slices are necessary.
Integer slices are treated as pixel coordinates and float slices as map coordinates.
If a Vector geometry is defined, it is internally projected to the raster CRS if
necessary, its extent derived, and the extent converted to raster pixel slices, which are then used for subsetting.


	Parameters

	index (tuple [https://docs.python.org/3/library/stdtypes.html#tuple] of slice [https://docs.python.org/3/library/functions.html#slice] or Vector) – the subsetting indices to be used



	Returns

	a new raster object referenced through an in-memory GDAL VRT file



	Return type

	Raster





Examples

>>> filename = 'test'
>>> with Raster(filename) as ras:
>>>     print(ras)
class      : spatialist Raster object
dimensions : 2908, 2069, 115 (rows, cols, bands)
resolution : 20.0, -20.0 (x, y)
extent     : 713315.198, 754695.198, 4068985.595, 4127145.595 (xmin, xmax, ymin, ymax)
coord. ref.: +proj=utm +zone=29 +datum=WGS84 +units=m +no_defs
data source: test
>>>
>>>
>>> xmin = 0
>>> xmax = 100
>>> ymin = 4068985.595
>>> ymax = 4088985.595
>>> with Raster(filename)[ymin:ymax, xmin:xmax, :] as ras:
>>>     print(ras)
class      : spatialist Raster object
dimensions : 1000, 100, 115 (rows, cols, bands)
resolution : 20.0, -20.0 (x, y)
extent     : 713315.198, 715315.198, 4068985.595, 4088985.595 (xmin, xmax, ymin, ymax)
coord. ref.: +proj=utm +zone=29 +datum=WGS84 +units=m +no_defs
data source: /tmp/tmpk5weyhhq.vrt
>>>
>>>
>>> ext = {'xmin': 713315.198, 'xmax': 715315.198, 'ymin': ymin, 'ymax': ymax}
>>>
>>> with bbox(ext, crs=32629) as vec:
>>>     with Raster(filename)[vec] as ras:
>>>         print(ras)
class      : spatialist Raster object
dimensions : 1000, 100, 115 (rows, cols, bands)
resolution : 20.0, -20.0 (x, y)
extent     : 713315.198, 715315.198, 4068985.595, 4088985.595 (xmin, xmax, ymin, ymax)
coord. ref.: +proj=utm +zone=29 +datum=WGS84 +units=m +no_defs
data source: /tmp/tmps4rc9o09.vrt










	
allstats(approximate=False)[source]

	Compute some basic raster statistics


	Parameters

	approximate (bool [https://docs.python.org/3/library/functions.html#bool]) – approximate statistics from overviews or a subset of all tiles?



	Returns

	a list with a dictionary of statistics for each band. Keys: min, max, mean, sdev.
See gdal.Band.ComputeStatistics [https://gdal.org/python/osgeo.gdal.Band-class.html#ComputeStatistics].



	Return type

	list of dicts










	
array()[source]

	read all raster bands into a numpy ndarray


	Returns

	the array containing all raster data



	Return type

	numpy.ndarray [https://numpy.org/doc/stable/reference/generated/numpy.ndarray.html#numpy.ndarray]










	
assign(array, band)[source]

	assign an array to an existing Raster object


	Parameters

	
	array (numpy.ndarray [https://numpy.org/doc/stable/reference/generated/numpy.ndarray.html#numpy.ndarray]) – the array to be assigned to the Raster object


	band (int [https://docs.python.org/3/library/functions.html#int]) – the index of the band to assign to













	
bandnames

	
	Returns

	the names of the bands



	Return type

	list [https://docs.python.org/3/library/stdtypes.html#list]










	
bands

	
	Returns

	the number of image bands



	Return type

	int [https://docs.python.org/3/library/functions.html#int]










	
bbox(outname=None, driver='ESRI Shapefile', overwrite=True, source='image')[source]

	
	Parameters

	
	outname (str [https://docs.python.org/3/library/stdtypes.html#str] or None [https://docs.python.org/3/library/constants.html#None]) – the name of the file to write; If None, the bounding box is returned
as Vector object


	driver (str [https://docs.python.org/3/library/stdtypes.html#str]) – The file format to write


	overwrite (bool [https://docs.python.org/3/library/functions.html#bool]) – overwrite an already existing file?


	source ({'image', 'gcp'}) – get the bounding box of either the image or the ground control points






	Returns

	the bounding box vector object



	Return type

	Vector or None [https://docs.python.org/3/library/constants.html#None]










	
close()[source]

	closes the GDAL raster file connection






	
cols

	
	Returns

	the number of image columns



	Return type

	int [https://docs.python.org/3/library/functions.html#int]










	
coord_img2map(x=None, y=None)[source]

	convert image pixel coordinates to map coordinates in the raster CRS.
Either x, y or both must be defined.


	Parameters

	
	x (int [https://docs.python.org/3/library/functions.html#int] or float [https://docs.python.org/3/library/functions.html#float]) – the x coordinate


	y (int [https://docs.python.org/3/library/functions.html#int] or float [https://docs.python.org/3/library/functions.html#float]) – the y coordinate






	Returns

	the converted coordinate for either x, y or both



	Return type

	float [https://docs.python.org/3/library/functions.html#float] or tuple [https://docs.python.org/3/library/stdtypes.html#tuple]










	
coord_map2img(x=None, y=None)[source]

	convert map coordinates in the raster CRS to image pixel coordinates.
Either x, y or both must be defined.


	Parameters

	
	x (int [https://docs.python.org/3/library/functions.html#int] or float [https://docs.python.org/3/library/functions.html#float]) – the x coordinate


	y (int [https://docs.python.org/3/library/functions.html#int] or float [https://docs.python.org/3/library/functions.html#float]) – the y coordinate






	Returns

	the converted coordinate for either x, y or both



	Return type

	int [https://docs.python.org/3/library/functions.html#int] or tuple [https://docs.python.org/3/library/stdtypes.html#tuple]










	
dim

	
	Returns

	(rows, columns, bands)



	Return type

	tuple [https://docs.python.org/3/library/stdtypes.html#tuple]










	
driver

	
	Returns

	a GDAL raster driver object.



	Return type

	gdal.Driver [https://gdal.org/python/osgeo.gdal.Driver-class.html]










	
dtype

	
	Returns

	the data type description; e.g. Float32



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
epsg

	
	Returns

	the CRS EPSG code



	Return type

	int [https://docs.python.org/3/library/functions.html#int]










	
extent

	
	Returns

	the extent of the image



	Return type

	dict [https://docs.python.org/3/library/stdtypes.html#dict]










	
extract(px, py, radius=1, nodata=None)[source]

	extract weighted average of pixels intersecting with a defined radius to a point.


	Parameters

	
	px (int [https://docs.python.org/3/library/functions.html#int] or float [https://docs.python.org/3/library/functions.html#float]) – the x coordinate in units of the Raster SRS


	py (int [https://docs.python.org/3/library/functions.html#int] or float [https://docs.python.org/3/library/functions.html#float]) – the y coordinate in units of the Raster SRS


	radius (int [https://docs.python.org/3/library/functions.html#int] or float [https://docs.python.org/3/library/functions.html#float]) – the radius around the point to extract pixel values from; defined as multiples of the pixel resolution


	nodata (int [https://docs.python.org/3/library/functions.html#int]) – a value to ignore from the computations; If None, the nodata value of the Raster object is used






	Returns

	the the weighted average of all pixels within the defined radius



	Return type

	int [https://docs.python.org/3/library/functions.html#int] or float [https://docs.python.org/3/library/functions.html#float]










	
files

	
	Returns

	a list of all absolute names of files associated with this raster data set



	Return type

	list of str










	
format

	
	Returns

	the name of the image format



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
geo

	General image geo information.


	Returns

	a dictionary with keys xmin, xmax, xres, rotation_x, ymin, ymax, yres, rotation_y



	Return type

	dict [https://docs.python.org/3/library/stdtypes.html#dict]










	
geogcs

	
	Returns

	an identifier of the geographic coordinate system



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str] or None [https://docs.python.org/3/library/constants.html#None]










	
is_valid()[source]

	Check image integrity.
Tries to compute the checksum for each raster layer and returns False if this fails.
See this forum entry:
How to check if image is valid? [https://lists.osgeo.org/pipermail/gdal-dev/2013-November/037520.html].


	Returns

	is the file valid?



	Return type

	bool [https://docs.python.org/3/library/functions.html#bool]










	
layers()[source]

	
	Returns

	a list containing a gdal.Band [https://gdal.org/python/osgeo.gdal.Band-class.html] object for each image band



	Return type

	list of gdal.Band [https://gdal.org/python/osgeo.gdal.Band-class.html]










	
load()[source]

	load all raster data to internal memory arrays.
This shortens the read time of other methods like matrix().






	
matrix(band=1, mask_nan=True)[source]

	read a raster band (subset) into a numpy ndarray


	Parameters

	
	band (int [https://docs.python.org/3/library/functions.html#int]) – the band to read the matrix from; 1-based indexing


	mask_nan (bool [https://docs.python.org/3/library/functions.html#bool]) – convert nodata values to numpy.nan [https://numpy.org/doc/stable/reference/constants.html#numpy.nan]? As numpy.nan [https://numpy.org/doc/stable/reference/constants.html#numpy.nan] requires at least float values, any integer array is cast
to float32.






	Returns

	the matrix (subset) of the selected band



	Return type

	numpy.ndarray [https://numpy.org/doc/stable/reference/generated/numpy.ndarray.html#numpy.ndarray]










	
nodata

	
	Returns

	the raster nodata value(s)



	Return type

	float [https://docs.python.org/3/library/functions.html#float] or list [https://docs.python.org/3/library/stdtypes.html#list]










	
proj4

	
	Returns

	the CRS PROJ4 description



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
proj4args

	
	Returns

	the PROJ4 string arguments as a dictionary



	Return type

	dict [https://docs.python.org/3/library/stdtypes.html#dict]










	
projcs

	
	Returns

	an identifier of the projected coordinate system; If the CRS is not projected None is returned



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str] or None [https://docs.python.org/3/library/constants.html#None]










	
projection

	
	Returns

	the CRS Well Known Text (WKT) description



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
res

	the raster resolution in x and y direction


	Returns

	(xres, yres)



	Return type

	tuple [https://docs.python.org/3/library/stdtypes.html#tuple]










	
rescale(fun)[source]

	perform raster computations with custom functions and assign them to the existing raster object in memory


	Parameters

	fun (function) – the custom function to compute on the data





Examples

>>> with Raster('filename') as ras:
>>>     ras.rescale(lambda x: 10 * x)










	
rows

	
	Returns

	the number of image rows



	Return type

	int [https://docs.python.org/3/library/functions.html#int]










	
srs

	
	Returns

	the spatial reference system of the data set.



	Return type

	osr.SpatialReference [https://gdal.org/python/osgeo.osr.SpatialReference-class.html]










	
write(outname, dtype='default', format='ENVI', nodata='default', compress_tif=False, overwrite=False, cmap=None, update=False, xoff=0, yoff=0, array=None)[source]

	write the raster object to a file.


	Parameters

	
	outname (str [https://docs.python.org/3/library/stdtypes.html#str]) – the file to be written


	dtype (str [https://docs.python.org/3/library/stdtypes.html#str]) – the data type of the written file;
data type notations of GDAL (e.g. Float32) and numpy (e.g. int8) are supported.


	format (str [https://docs.python.org/3/library/stdtypes.html#str]) – the file format; e.g. ‘GTiff’


	nodata (int [https://docs.python.org/3/library/functions.html#int] or float [https://docs.python.org/3/library/functions.html#float]) – the nodata value to write to the file


	compress_tif (bool [https://docs.python.org/3/library/functions.html#bool]) – if the format is GeoTiff, compress the written file?


	overwrite (bool [https://docs.python.org/3/library/functions.html#bool]) – overwrite an already existing file? Only applies if update is False.


	cmap (gdal.ColorTable [https://gdal.org/python/osgeo.gdal.ColorTable-class.html]) – a color map to apply to each band.
Can for example be created with function cmap_mpl2gdal().


	update (bool [https://docs.python.org/3/library/functions.html#bool]) – open the output file fpr update or only for writing?


	xoff (int [https://docs.python.org/3/library/functions.html#int]) – the x/column offset


	yoff (int [https://docs.python.org/3/library/functions.html#int]) – the y/row offset


	array (numpy.ndarray [https://numpy.org/doc/stable/reference/generated/numpy.ndarray.html#numpy.ndarray]) – write different data than that associated with the Raster object


















Raster Tools







	apply_along_time

	Apply a time series computation to a 3D raster stack using multiple CPUs.



	png

	convert a raster image to png.



	rasterize

	rasterize a vector object



	stack

	function for mosaicking, resampling and stacking of multiple raster files



	subset_tolerance

	this parameter can be set to increase the pixel tolerance in percent when subsetting Raster objects with the extent of other spatial objects.







	
spatialist.raster.apply_along_time(src, dst, func1d, nodata, format, cmap=None, maxlines=None, cores=8, *args, **kwargs)[source]

	Apply a time series computation to a 3D raster stack using multiple CPUs.
The stack is read in chunks of maxlines x columns x time steps, for which the result is computed and stored in a 2D output array.
After finishing the computation for all chunks, the output array is written to the specified file.

Notes

It is intended to directly write the computation result of each chunk to the output file respectively so that no
unnecessary memory is used for storing the complete result.
This however first requires some restructuring of the method spatialist.Raster.write().


	Parameters

	
	src (Raster) – the source raster data


	dst (str [https://docs.python.org/3/library/stdtypes.html#str]) – the output file in GeoTiff format


	func1d (function) – the function to be applied over a single time series 1D array


	nodata (int [https://docs.python.org/3/library/functions.html#int]) – the nodata value to write to the output file


	format (str [https://docs.python.org/3/library/stdtypes.html#str]) – the output file format, e.g. ‘GTiff’


	cmap (gdal.ColorTable) – a color table to write to the resulting file; see spatialist.auxil.cmap_mpl2gdal() for creation options.


	maxlines (int [https://docs.python.org/3/library/functions.html#int]) – the maximum number of lines to read at once. Controls the amount of memory used.


	cores (int [https://docs.python.org/3/library/functions.html#int]) – the number of parallel cores


	args (any) – Additional arguments to func1d.


	kwargs (any) – Additional named arguments to func1d.









See also

spatialist.ancillary.parallel_apply_along_axis()








	
spatialist.raster.png(src, dst, percent=10, scale=(2, 98), worldfile=False, nodata=None)[source]

	convert a raster image to png. The input raster must either have one or three bands to create
a grey scale or RGB image respectively.


	Parameters

	
	src (Raster) – the input raster image to be converted


	dst (str [https://docs.python.org/3/library/stdtypes.html#str]) – the output png file name


	percent (int [https://docs.python.org/3/library/functions.html#int]) – the size of the png relative to src


	scale (tuple [https://docs.python.org/3/library/stdtypes.html#tuple] or None [https://docs.python.org/3/library/constants.html#None]) – the percentile bounds  as (min, max) for scaling the values of the input image
or None to not apply any scaling.


	worldfile (bool [https://docs.python.org/3/library/functions.html#bool]) – create a world file (extension .wld)?


	nodata (int [https://docs.python.org/3/library/functions.html#int] or None [https://docs.python.org/3/library/constants.html#None]) – The no data value to write to the file. All pixels with this value will be transparent.








Notes

Currently it is not possible to control what happens with values outside of the percentile
range defined by scale. Therefore, if e.g. nodata is set to 0, all values below the
lower percentile will be marked as 0 and will thus be transparent in the image. On the other
hand if nodata is 255, all values higher than the upper percentile will be transparent.
This is addressed in GDAL issue #1825 [https://github.com/OSGeo/gdal/issues/1825].

Examples

>>> from spatialist.raster import Raster, png
>>> src = 'src.tif'
>>> dst = 'dst.png'
>>> with Raster(src) as ras:
>>>     png(src=ras, dst=dst, percent=10, scale=(2, 98), worldfile=True)










	
spatialist.raster.rasterize(vectorobject, reference, outname=None, burn_values=1, expressions=None, nodata=0, append=False)[source]

	rasterize a vector object


	Parameters

	
	vectorobject (Vector) – the vector object to be rasterized


	reference (Raster) – a reference Raster object to retrieve geo information and extent from


	outname (str [https://docs.python.org/3/library/stdtypes.html#str] or None [https://docs.python.org/3/library/constants.html#None]) – the name of the GeoTiff output file; if None, an in-memory object of type Raster is returned and
parameter outname is ignored


	burn_values (int [https://docs.python.org/3/library/functions.html#int] or list [https://docs.python.org/3/library/stdtypes.html#list]) – the values to be written to the raster file


	expressions (list [https://docs.python.org/3/library/stdtypes.html#list]) – SQL expressions to filter the vector object by attributes


	nodata (int [https://docs.python.org/3/library/functions.html#int]) – the nodata value of the target raster file


	append (bool [https://docs.python.org/3/library/functions.html#bool]) – if the output file already exists, update this file with new rasterized values?
If True and the output file exists, parameters reference and nodata are ignored.






	Returns

	if outname is None, a raster object pointing to an in-memory dataset else None



	Return type

	Raster or None [https://docs.python.org/3/library/constants.html#None]





Example

>>> from spatialist import Vector, Raster, rasterize
>>> outname1 = 'target1.tif'
>>> outname2 = 'target2.tif'
>>> with Vector('source.shp') as vec:
>>>     with Raster('reference.tif') as ref:
>>>         burn_values = [1, 2]
>>>         expressions = ['ATTRIBUTE=1', 'ATTRIBUTE=2']
>>>         rasterize(vec, reference, outname1, burn_values, expressions)
>>>         expressions = ["ATTRIBUTE2='a'", "ATTRIBUTE2='b'"]
>>>         rasterize(vec, reference, outname2, burn_values, expressions)










	
spatialist.raster.stack(srcfiles, dstfile, resampling, targetres, dstnodata, srcnodata=None, shapefile=None, layernames=None, sortfun=None, separate=False, overwrite=False, compress=True, cores=4, pbar=False)[source]

	function for mosaicking, resampling and stacking of multiple raster files


	Parameters

	
	srcfiles (list [https://docs.python.org/3/library/stdtypes.html#list]) – a list of file names or a list of lists; each sub-list is treated as a task to mosaic its containing files


	dstfile (str [https://docs.python.org/3/library/stdtypes.html#str]) – the destination file or a directory (if separate is True)


	resampling ({near, bilinear, cubic, cubicspline, lanczos, average, mode, max, min, med, Q1, Q3}) – the resampling method; see documentation of gdalwarp [https://www.gdal.org/gdalwarp.html].


	targetres (tuple [https://docs.python.org/3/library/stdtypes.html#tuple] or list [https://docs.python.org/3/library/stdtypes.html#list]) – two entries for x and y spatial resolution in units of the source CRS


	srcnodata (int [https://docs.python.org/3/library/functions.html#int], float [https://docs.python.org/3/library/functions.html#float] or None [https://docs.python.org/3/library/constants.html#None]) – the nodata value of the source files; if left at the default (None), the nodata values are read from the files


	dstnodata (int [https://docs.python.org/3/library/functions.html#int] or float [https://docs.python.org/3/library/functions.html#float]) – the nodata value of the destination file(s)


	shapefile (str [https://docs.python.org/3/library/stdtypes.html#str], Vector or None [https://docs.python.org/3/library/constants.html#None]) – a shapefile for defining the spatial extent of the destination files


	layernames (list [https://docs.python.org/3/library/stdtypes.html#list]) – the names of the output layers; if None, the basenames of the input files are used; overrides sortfun


	sortfun (function) – a function for sorting the input files; not used if layernames is not None.
This is first used for sorting the items in each sub-list of srcfiles;
the basename of the first item in a sub-list will then be used as the name for the mosaic of this group.
After mosaicing, the function is again used for sorting the names in the final output
(only relevant if separate is False)


	separate (bool [https://docs.python.org/3/library/functions.html#bool]) – should the files be written to a single raster stack (ENVI format) or separate files (GTiff format)?


	overwrite (bool [https://docs.python.org/3/library/functions.html#bool]) – overwrite the file if it already exists?


	compress (bool [https://docs.python.org/3/library/functions.html#bool]) – compress the geotiff files?


	cores (int [https://docs.python.org/3/library/functions.html#int]) – the number of CPU threads to use


	pbar (bool [https://docs.python.org/3/library/functions.html#bool]) – add a progressbar? This is currently only used if separate==False






	Raises

	RuntimeError [https://docs.python.org/3/library/exceptions.html#RuntimeError]





Notes

This function does not reproject any raster files. Thus, the CRS must be the same for all input raster files.
This is checked prior to executing gdalwarp. In case a shapefile is defined, it is internally reprojected to the
raster CRS prior to retrieving its extent.

Examples

from pyroSAR.ancillary import groupbyTime, find_datasets, seconds
from spatialist.raster import stack

# find pyroSAR files by metadata attributes
archive_s1 = '/.../sentinel1/GRD/processed'
scenes_s1 = find_datasets(archive_s1, sensor=('S1A', 'S1B'), acquisition_mode='IW')

# group images by acquisition time
groups = groupbyTime(images=scenes_s1, function=seconds, time=30)

# mosaic individual groups and stack the mosaics to a single ENVI file
# only files overlapping with the shapefile are selected and resampled to its extent
stack(srcfiles=groups, dstfile='stack', resampling='bilinear', targetres=(20, 20),
      srcnodata=-99, dstnodata=-99, shapefile='site.shp', separate=False)










	
spatialist.raster.subset_tolerance = 0

	this parameter can be set to increase the pixel tolerance in percent when subsetting
Raster objects with the extent of other spatial objects.

Examples


Coordinates are in EPSG:32632, pixel resolution of the image to be subsetted is 90 m:

(subsetting extent)

{‘xmin’: 534093.341, ‘xmax’: 830103.341, ‘ymin’: 5030609.645, ‘ymax’: 5250929.645}

subset_tolerance = 0

{‘xmin’: 534003.341, ‘xmax’: 830103.341, ‘ymin’: 5030519.645, ‘ymax’: 5250929.645}

subset_tolerance = 0.02

{‘xmin’: 534093.341, ‘xmax’: 830103.341, ‘ymin’: 5030609.645, ‘ymax’: 5250929.645}









Vector Class


	
class spatialist.vector.Vector(filename=None, driver=None)[source]

	This is intended as a vector meta information handler with options for reading and writing vector data in a
convenient manner by simplifying the numerous options provided by the OGR python binding.


	Parameters

	
	filename (str [https://docs.python.org/3/library/stdtypes.html#str] or None [https://docs.python.org/3/library/constants.html#None]) – the vector file to read; if filename is None, a new in-memory Vector object is created.
In this case driver is overridden and set to ‘Memory’. The following file extensions are auto-detected:


	.geojson (GeoJSON)


	.gpkg (GPKG)


	.kml (KML)


	.shp (ESRI Shapefile)







	driver (str [https://docs.python.org/3/library/stdtypes.html#str]) – the vector file format; needs to be defined if the format cannot be auto-detected from the filename extension









	
__getitem__(expression)[source]

	subset the vector object by index or attribute.


	Parameters

	expression (int [https://docs.python.org/3/library/functions.html#int] or str [https://docs.python.org/3/library/stdtypes.html#str]) – the key or expression to be used for subsetting.
See ogr.Layer.SetAttributeFilter [https://gdal.org/python/osgeo.ogr.Layer-class.html#SetAttributeFilter] for details on the expression syntax.



	Returns

	a vector object matching the specified criteria



	Return type

	Vector





Examples

Assuming we have a shapefile called testsites.shp, which has an attribute sitename,
we can subset individual sites and write them to new files like so:

>>> from spatialist import Vector
>>> filename = 'testsites.shp'
>>> with Vector(filename)["sitename='site1'"] as site1:
>>>     site1.write('site1.shp')










	
addfeature(geometry, fields=None)[source]

	add a feature to the vector object from a geometry


	Parameters

	
	geometry (ogr.Geometry [https://gdal.org/python/osgeo.ogr.Geometry-class.html]) – the geometry to add as a feature


	fields (dict [https://docs.python.org/3/library/stdtypes.html#dict] or None [https://docs.python.org/3/library/constants.html#None]) – the field names and values to assign to the new feature













	
addfield(name, type, width=10)[source]

	add a field to the vector layer


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – the field name


	type (int [https://docs.python.org/3/library/functions.html#int]) – the OGR Field Type (OFT), e.g. ogr.OFTString.
See Module ogr [https://gdal.org/python/osgeo.ogr-module.html].


	width (int [https://docs.python.org/3/library/functions.html#int]) – the width of the new field (only for ogr.OFTString fields)













	
addlayer(name, srs, geomType)[source]

	add a layer to the vector layer


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – the layer name


	srs (int, str or osr.SpatialReference [https://gdal.org/python/osgeo.osr.SpatialReference-class.html]) – the spatial reference system. See spatialist.auxil.crsConvert() for options.


	geomType (int [https://docs.python.org/3/library/functions.html#int]) – an OGR well-known binary data type.
See Module ogr [https://gdal.org/python/osgeo.ogr-module.html].















	
addvector(vec)[source]

	add a vector object to the layer of the current Vector object


	Parameters

	
	vec (Vector) – the vector object to add


	merge (bool [https://docs.python.org/3/library/functions.html#bool]) – merge overlapping polygons?













	
bbox(outname=None, driver=None, overwrite=True)[source]

	create a bounding box from the extent of the Vector object


	Parameters

	
	outname (str [https://docs.python.org/3/library/stdtypes.html#str] or None [https://docs.python.org/3/library/constants.html#None]) – the name of the vector file to be written; if None, a Vector object is returned


	driver (str [https://docs.python.org/3/library/stdtypes.html#str]) – the name of the file format to write


	overwrite (bool [https://docs.python.org/3/library/functions.html#bool]) – overwrite an already existing file?






	Returns

	if outname is None, the bounding box Vector object



	Return type

	Vector or None [https://docs.python.org/3/library/constants.html#None]










	
close()[source]

	closes the OGR vector file connection






	
convert2wkt(set3D=True)[source]

	export the geometry of each feature as a wkt string


	Parameters

	set3D (bool [https://docs.python.org/3/library/functions.html#bool]) – keep the third (height) dimension?










	
extent

	the extent of the vector object


	Returns

	a dictionary with keys xmin, xmax, ymin, ymax



	Return type

	dict [https://docs.python.org/3/library/stdtypes.html#dict]










	
fieldDefs

	
	Returns

	the field definition for each field of the Vector object



	Return type

	list of ogr.FieldDefn [https://gdal.org/python/osgeo.ogr.FieldDefn-class.html]










	
fieldnames

	
	Returns

	the names of the fields



	Return type

	list of str










	
geomType

	
	Returns

	the layer geometry type



	Return type

	int [https://docs.python.org/3/library/functions.html#int]










	
geomTypes

	
	Returns

	the geometry type of each feature



	Return type

	list [https://docs.python.org/3/library/stdtypes.html#list]










	
getArea()[source]

	
	Returns

	the area of the vector geometries



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
getFeatureByAttribute(fieldname, attribute)[source]

	get features by field attribute


	Parameters

	
	fieldname (str [https://docs.python.org/3/library/stdtypes.html#str]) – the name of the queried field


	attribute (int [https://docs.python.org/3/library/functions.html#int] or str [https://docs.python.org/3/library/stdtypes.html#str]) – the field value of interest






	Returns

	the feature(s) matching the search query



	Return type

	list of ogr.Feature [https://gdal.org/python/osgeo.ogr.Feature-class.html] or ogr.Feature [https://gdal.org/python/osgeo.ogr.Feature-class.html]










	
getFeatureByIndex(index)[source]

	get features by numerical (positional) index


	Parameters

	index (int [https://docs.python.org/3/library/functions.html#int]) – the queried index



	Returns

	the requested feature



	Return type

	ogr.Feature [https://gdal.org/python/osgeo.ogr.Feature-class.html]










	
getProjection(type)[source]

	get the CRS of the Vector object. See spatialist.auxil.crsConvert().


	Parameters

	type (str [https://docs.python.org/3/library/stdtypes.html#str]) – the type of projection required.



	Returns

	the output CRS



	Return type

	int, str or osr.SpatialReference [https://gdal.org/python/osgeo.osr.SpatialReference-class.html]










	
getUniqueAttributes(fieldname)[source]

	
	Parameters

	fieldname (str [https://docs.python.org/3/library/stdtypes.html#str]) – the name of the field of interest



	Returns

	the unique attributes of the field



	Return type

	list of str or int [https://docs.python.org/3/library/functions.html#int]










	
getfeatures()[source]

	
	Returns

	a list of cloned features



	Return type

	list of ogr.Feature [https://gdal.org/python/osgeo.ogr.Feature-class.html]










	
init_features()[source]

	delete all in-memory features






	
init_layer()[source]

	initialize a layer object






	
layerdef

	
	Returns

	the layer’s feature definition



	Return type

	ogr.FeatureDefn [https://gdal.org/python/osgeo.ogr.FeatureDefn-class.html]










	
layername

	
	Returns

	the name of the layer



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
load()[source]

	load all feature into memory






	
nfeatures

	
	Returns

	the number of features



	Return type

	int [https://docs.python.org/3/library/functions.html#int]










	
nfields

	
	Returns

	the number of fields



	Return type

	int [https://docs.python.org/3/library/functions.html#int]










	
nlayers

	
	Returns

	the number of layers



	Return type

	int [https://docs.python.org/3/library/functions.html#int]










	
proj4

	
	Returns

	the CRS in PRO4 format



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str]










	
reproject(projection)[source]

	in-memory reprojection


	Parameters

	projection (int, str, osr.SpatialReference [https://gdal.org/python/osgeo.osr.SpatialReference-class.html]) – the target CRS. See spatialist.auxil.crsConvert().










	
setCRS(crs)[source]

	directly reset the spatial reference system of the vector object.
This is not going to reproject the Vector object, see reproject() instead.


	Parameters

	crs (int, str, osr.SpatialReference [https://gdal.org/python/osgeo.osr.SpatialReference-class.html]) – the input CRS





Example

>>> site = Vector('shape.shp')
>>> site.setCRS('+proj=longlat +ellps=WGS84 +datum=WGS84 +no_defs ')










	
srs

	
	Returns

	the geometry’s spatial reference system



	Return type

	osr.SpatialReference [https://gdal.org/python/osgeo.osr.SpatialReference-class.html]










	
write(outfile, driver=None, overwrite=True)[source]

	write the Vector object to a file


	Parameters

	
	outfile – the name of the file to write; the following extensions are automatically detected
for determining the format driver:


	.geojson (GeoJSON)


	.gpkg (GPKG)


	.kml (KML)


	.shp (ESRI Shapefile)







	driver (str [https://docs.python.org/3/library/stdtypes.html#str]) – the output file format; needs to be defined if the format cannot
be auto-detected from the filename extension


	overwrite (bool [https://docs.python.org/3/library/functions.html#bool]) – overwrite an already existing file?


















Vector Tools


	
spatialist.vector.intersect(obj1, obj2)[source]

	intersect two Vector objects


	Parameters

	
	obj1 (Vector) – the first vector object; this object is reprojected to the CRS of obj2 if necessary


	obj2 (Vector) – the second vector object






	Returns

	the intersect of obj1 and obj2 if both intersect and None otherwise



	Return type

	Vector or None [https://docs.python.org/3/library/constants.html#None]










	
spatialist.vector.bbox(coordinates, crs, outname=None, driver=None, overwrite=True)[source]

	create a bounding box vector object or shapefile from coordinates and coordinate reference system.
The CRS can be in either WKT, EPSG or PROJ4 format


	Parameters

	
	coordinates (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – a dictionary containing numerical variables with keys xmin, xmax, ymin and ymax


	crs (int, str, osr.SpatialReference [https://gdal.org/python/osgeo.osr.SpatialReference-class.html]) – the CRS of the coordinates. See crsConvert() for options.


	outname (str [https://docs.python.org/3/library/stdtypes.html#str]) – the file to write to. If None, the bounding box is returned as Vector object


	driver (str [https://docs.python.org/3/library/stdtypes.html#str]) – 
	the output file format; needs to be defined if the format cannot

	be auto-detected from the filename extension








	overwrite (bool [https://docs.python.org/3/library/functions.html#bool]) – overwrite an existing file?






	Returns

	the bounding box Vector object



	Return type

	Vector or None [https://docs.python.org/3/library/constants.html#None]










	
spatialist.vector.feature2vector(feature, ref, layername=None)[source]

	create a Vector object from ogr features


	Parameters

	
	feature (list of ogr.Feature [https://gdal.org/python/osgeo.ogr.Feature-class.html] or ogr.Feature [https://gdal.org/python/osgeo.ogr.Feature-class.html]) – a single feature or a list of features


	ref (Vector) – a reference Vector object to retrieve geo information from


	layername (str [https://docs.python.org/3/library/stdtypes.html#str] or None [https://docs.python.org/3/library/constants.html#None]) – the name of the output layer; retrieved from ref if None






	Returns

	the new Vector object



	Return type

	Vector










	
spatialist.vector.wkt2vector(wkt, srs, layername='wkt')[source]

	convert a well-known text string geometry to a Vector object


	Parameters

	
	wkt (str [https://docs.python.org/3/library/stdtypes.html#str]) – the well-known text description


	srs (int [https://docs.python.org/3/library/functions.html#int], str [https://docs.python.org/3/library/stdtypes.html#str]) – the spatial reference system; see spatialist.auxil.crsConvert() for options.


	layername (str [https://docs.python.org/3/library/stdtypes.html#str]) – the name of the internal ogr.Layer [https://gdal.org/python/osgeo.ogr.Layer-class.html] object






	Returns

	the vector representation



	Return type

	Vector





Examples

>>> from spatialist.vector import wkt2vector
>>> wkt = 'POLYGON ((0. 0., 0. 1., 1. 1., 1. 0., 0. 0.))'
>>> with wkt2vector(wkt, srs=4326) as vec:
>>>     print(vec.getArea())
1.0











General Spatial Tools


	
spatialist.auxil.cmap_mpl2gdal(mplcolor, values)[source]

	convert a matplotlib color table to a GDAL representation.


	Parameters

	
	mplcolor (str [https://docs.python.org/3/library/stdtypes.html#str]) – a color table code


	values (list [https://docs.python.org/3/library/stdtypes.html#list]) – the integer data values for which to retrieve colors






	Returns

	the color table in GDAL format



	Return type

	gdal.ColorTable [https://gdal.org/python/osgeo.gdal.ColorTable-class.html]





Notes

This function is currently only developed for handling discrete integer data values in an 8 Bit file.
Colors are thus scaled between 0 and 255.

Examples

>>> from osgeo import gdal
>>> from spatialist.auxil import cmap_mpl2gdal
>>> values = list(range(0, 100))
>>> cmap = cmap_mpl2gdal(mplcolor='YlGnBu', values=values)
>>> print(isinstance(cmap, gdal.ColorTable))
True










	
spatialist.auxil.coordinate_reproject(x, y, s_crs, t_crs)[source]

	reproject a coordinate from one CRS to another


	Parameters

	
	x (int [https://docs.python.org/3/library/functions.html#int] or float [https://docs.python.org/3/library/functions.html#float]) – the X coordinate component


	y (int [https://docs.python.org/3/library/functions.html#int] or float [https://docs.python.org/3/library/functions.html#float]) – the Y coordinate component


	s_crs (int, str or osr.SpatialReference [https://gdal.org/python/osgeo.osr.SpatialReference-class.html]) – the source CRS. See crsConvert() for options.


	t_crs (int, str or osr.SpatialReference [https://gdal.org/python/osgeo.osr.SpatialReference-class.html]) – the target CRS. See crsConvert() for options.






	Returns

	



	Return type

	tuple [https://docs.python.org/3/library/stdtypes.html#tuple]










	
spatialist.auxil.crsConvert(crsIn, crsOut)[source]

	convert between different types of spatial references


	Parameters

	
	crsIn (int, str, osr.SpatialReference [https://gdal.org/python/osgeo.osr.SpatialReference-class.html]) – the input CRS


	crsOut ({'wkt', 'proj4', 'epsg', 'osr', 'opengis' or 'prettyWkt'}) – the output CRS type






	Returns

	the output CRS



	Return type

	int, str, osr.SpatialReference [https://gdal.org/python/osgeo.osr.SpatialReference-class.html]





Examples

convert an integer EPSG code to PROJ4:

>>> crsConvert(4326, 'proj4')
'+proj=longlat +datum=WGS84 +no_defs '





convert a PROJ4 string to an opengis URL:

>>> crsConvert('+proj=longlat +datum=WGS84 +no_defs ', 'opengis')
'http://www.opengis.net/def/crs/EPSG/0/4326'





convert the opengis URL back to EPSG:

>>> crsConvert('http://www.opengis.net/def/crs/EPSG/0/4326', 'epsg')
4326





convert an EPSG compound CRS (WGS84 horizontal + EGM96 vertical)

>>> crsConvert('EPSG:4326+5773', 'proj4')
'+proj=longlat +datum=WGS84 +geoidgrids=egm96_15.gtx +vunits=m +no_defs '










	
spatialist.auxil.gdal_rasterize(src, dst, options)[source]

	a simple wrapper for gdal.Rasterize


	Parameters

	
	src (str or ogr.DataSource [https://gdal.org/python/osgeo.ogr.DataSource-class.html]) – the input data set


	dst (str [https://docs.python.org/3/library/stdtypes.html#str]) – the output data set


	options (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – additional parameters passed to gdal.Rasterize; see gdal.RasterizeOptions [https://gdal.org/python/osgeo.gdal-module.html#RasterizeOptions]













	
spatialist.auxil.gdal_translate(src, dst, options)[source]

	a simple wrapper for gdal.Translate [https://gdal.org/python/osgeo.gdal-module.html#Translate]


	Parameters

	
	src (str, ogr.DataSource [https://gdal.org/python/osgeo.ogr.DataSource-class.html] or gdal.Dataset [https://gdal.org/python/osgeo.gdal.Dataset-class.html]) – the input data set


	dst (str [https://docs.python.org/3/library/stdtypes.html#str]) – the output data set


	options (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – additional parameters passed to gdal.Translate;
see gdal.TranslateOptions [http://gdal.org/python/osgeo.gdal-module.html#TranslateOptions]













	
spatialist.auxil.gdalbuildvrt(src, dst, options=None, void=True)[source]

	a simple wrapper for gdal.BuildVRT [https://gdal.org/python/osgeo.gdal-module.html#BuildVRT]


	Parameters

	
	src (str, list, ogr.DataSource [https://gdal.org/python/osgeo.ogr.DataSource-class.html] or gdal.Dataset [https://gdal.org/python/osgeo.gdal.Dataset-class.html]) – the input data set(s)


	dst (str [https://docs.python.org/3/library/stdtypes.html#str]) – the output data set


	options (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – additional parameters passed to gdal.BuildVRT; see gdal.BuildVRTOptions [https://gdal.org/python/osgeo.gdal-module.html#BuildVRTOptions]


	void (bool [https://docs.python.org/3/library/functions.html#bool]) – just write the results and don’t return anything? If not, the spatial object is returned













	
spatialist.auxil.gdalwarp(src, dst, options, pbar=False)[source]

	a simple wrapper for gdal.Warp [https://gdal.org/python/osgeo.gdal-module.html#Warp]


	Parameters

	
	src (str, ogr.DataSource [https://gdal.org/python/osgeo.ogr.DataSource-class.html] or gdal.Dataset [https://gdal.org/python/osgeo.gdal.Dataset-class.html]) – the input data set


	dst (str [https://docs.python.org/3/library/stdtypes.html#str]) – the output data set


	options (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – additional parameters passed to gdal.Warp; see gdal.WarpOptions [https://gdal.org/python/osgeo.gdal-module.html#WarpOptions]


	pbar (bool [https://docs.python.org/3/library/functions.html#bool]) – add a progressbar?













	
spatialist.auxil.haversine(lat1, lon1, lat2, lon2)[source]

	compute the distance in meters between two points in latlon


	Parameters

	
	lat1 (int [https://docs.python.org/3/library/functions.html#int] or float [https://docs.python.org/3/library/functions.html#float]) – the latitude of point 1


	lon1 (int [https://docs.python.org/3/library/functions.html#int] or float [https://docs.python.org/3/library/functions.html#float]) – the longitude of point 1


	lat2 (int [https://docs.python.org/3/library/functions.html#int] or float [https://docs.python.org/3/library/functions.html#float]) – the latitude of point 2


	lon2 (int [https://docs.python.org/3/library/functions.html#int] or float [https://docs.python.org/3/library/functions.html#float]) – the longitude of point 2






	Returns

	the distance between point 1 and point 2 in meters



	Return type

	float [https://docs.python.org/3/library/functions.html#float]










	
spatialist.auxil.ogr2ogr(src, dst, options)[source]

	a simple wrapper for gdal.VectorTranslate aka ogr2ogr [https://www.gdal.org/ogr2ogr.html]


	Parameters

	
	src (str or ogr.DataSource [https://gdal.org/python/osgeo.ogr.DataSource-class.html]) – the input data set


	dst (str [https://docs.python.org/3/library/stdtypes.html#str]) – the output data set


	options (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – additional parameters passed to gdal.VectorTranslate;
see gdal.VectorTranslateOptions [http://gdal.org/python/osgeo.gdal-module.html#VectorTranslateOptions]













	
spatialist.auxil.utm_autodetect(spatial, crsOut)[source]

	get the UTM CRS for a spatial object

The bounding box of the object is extracted, reprojected to EPSG:4326 [https://spatialreference.org/ref/epsg/4326/] and its
center coordinate used for computing the best UTM zone fit.


	Parameters

	
	spatial (Raster or Vector) – a spatial object in an arbitrary CRS


	crsOut (str [https://docs.python.org/3/library/stdtypes.html#str]) – the output CRS type; see function crsConvert() for options






	Returns

	the output CRS



	Return type

	int or str or osr.SpatialReference [https://gdal.org/python/osgeo.osr.SpatialReference-class.html]











Database Tools


	
spatialist.sqlite_util.sqlite_setup(driver=':memory:', extensions=None, verbose=False)[source]

	Setup a sqlite3 connection and load extensions to it.
This function intends to simplify the process of loading extensions to sqlite3, which can be quite difficult
depending on the version used.
Particularly loading spatialite has caused quite some trouble. In recent distributions of Ubuntu this has
become much easier due to a new apt package libsqlite3-mod-spatialite. For use in Windows, spatialist comes
with its own spatialite DLL distribution.
See here [https://www.gaia-gis.it/fossil/libspatialite/wiki?name=mod_spatialite] for more details on loading
spatialite as an sqlite3 extension.


	Parameters

	
	driver (str [https://docs.python.org/3/library/stdtypes.html#str]) – the database file or (by default) an in-memory database


	extensions (list [https://docs.python.org/3/library/stdtypes.html#list]) – a list of extensions to load


	verbose (bool [https://docs.python.org/3/library/functions.html#bool]) – print loading information?






	Returns

	the database connection



	Return type

	sqlite3.Connection [https://docs.python.org/3/library/sqlite3.html#sqlite3.Connection]





Example

>>> from spatialist.sqlite_util import sqlite_setup
>>> conn = sqlite_setup(extensions=['spatialite'])











Ancillary Functions

This script gathers central functions and classes for general applications


	
spatialist.ancillary.dissolve(inlist)[source]

	list and tuple flattening


	Parameters

	inlist (list [https://docs.python.org/3/library/stdtypes.html#list]) – the list with sub-lists or tuples to be flattened



	Returns

	the flattened result



	Return type

	list [https://docs.python.org/3/library/stdtypes.html#list]





Examples

>>> dissolve([[1, 2], [3, 4]])
[1, 2, 3, 4]





>>> dissolve([(1, 2, (3, 4)), [5, (6, 7)]])
[1, 2, 3, 4, 5, 6, 7]










	
spatialist.ancillary.finder(target, matchlist, foldermode=0, regex=False, recursive=True)[source]

	function for finding files/folders in folders and their subdirectories


	Parameters

	
	target (str [https://docs.python.org/3/library/stdtypes.html#str] or list of str) – a directory, zip- or tar-archive or a list of them to be searched


	matchlist (list [https://docs.python.org/3/library/stdtypes.html#list]) – a list of search patterns


	foldermode (int [https://docs.python.org/3/library/functions.html#int]) – 
	0: only files


	1: files and folders


	2: only folders







	regex (bool [https://docs.python.org/3/library/functions.html#bool]) – are the search patterns in matchlist regular expressions or unix shell standard (default)?


	recursive (bool [https://docs.python.org/3/library/functions.html#bool]) – search target recursively into all subdirectories or only in the top level?
This is currently only implemented for parameter target being a directory.






	Returns

	the absolute names of files/folders matching the patterns



	Return type

	list of str










	
class spatialist.ancillary.HiddenPrints[source]

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


Suppress console stdout prints, i.e. redirect them to a temporary string object.

Adapted from https://stackoverflow.com/questions/8391411/suppress-calls-to-print-python



Examples

>>> with HiddenPrints():
>>>     print('foobar')
>>> print('foobar')










	
spatialist.ancillary.multicore(function, cores, multiargs, **singleargs)[source]

	wrapper for multicore process execution


	Parameters

	
	function – individual function to be applied to each process item


	cores (int [https://docs.python.org/3/library/functions.html#int]) – the number of subprocesses started/CPUs used;
this value is reduced in case the number of subprocesses is smaller


	multiargs (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – a dictionary containing sub-function argument names as keys and lists of arguments to be
distributed among the processes as values


	singleargs – all remaining arguments which are invariant among the subprocesses






	Returns

	the return of the function for all subprocesses



	Return type

	None [https://docs.python.org/3/library/constants.html#None] or list [https://docs.python.org/3/library/stdtypes.html#list]





Notes


	all multiargs value lists must be of same length, i.e. all argument keys must be explicitly defined for each
subprocess


	all function arguments passed via singleargs must be provided with the full argument name and its value
(i.e. argname=argval); default function args are not accepted


	if the processes return anything else than None, this function will return a list of results


	if all processes return None, this function will be of type void




Examples

>>> def add(x, y, z):
>>>     return x + y + z
>>> multicore(add, cores=2, multiargs={'x': [1, 2]}, y=5, z=9)
[15, 16]
>>> multicore(add, cores=2, multiargs={'x': [1, 2], 'y': [5, 6]}, z=9)
[15, 17]






See also

pathos.multiprocessing [https://pathos.readthedocs.io/en/latest/pathos.html#module-pathos.multiprocessing]








	
spatialist.ancillary.parse_literal(x)[source]

	return the smallest possible data type for a string or list of strings


	Parameters

	x (str [https://docs.python.org/3/library/stdtypes.html#str] or list [https://docs.python.org/3/library/stdtypes.html#list]) – a string to be parsed



	Returns

	the parsing result



	Return type

	int [https://docs.python.org/3/library/functions.html#int], float [https://docs.python.org/3/library/functions.html#float] or str [https://docs.python.org/3/library/stdtypes.html#str]





Examples

>>> isinstance(parse_literal('1.5'), float)
True





>>> isinstance(parse_literal('1'), int)
True





>>> isinstance(parse_literal('foobar'), str)
True










	
spatialist.ancillary.run(cmd, outdir=None, logfile=None, inlist=None, void=True, errorpass=False, env=None)[source]

	
wrapper for subprocess execution including logfile writing and command prompt piping

this is a convenience wrapper around the subprocess [https://docs.python.org/3/library/subprocess.html#module-subprocess] module and calls
its class Popen [https://docs.python.org/3/library/subprocess.html#subprocess.Popen] internally.




	Parameters

	
	cmd (list [https://docs.python.org/3/library/stdtypes.html#list]) – the command arguments


	outdir (str [https://docs.python.org/3/library/stdtypes.html#str] or None [https://docs.python.org/3/library/constants.html#None]) – the directory to execute the command in


	logfile (str [https://docs.python.org/3/library/stdtypes.html#str] or None [https://docs.python.org/3/library/constants.html#None]) – a file to write stdout to


	inlist (list [https://docs.python.org/3/library/stdtypes.html#list] or None [https://docs.python.org/3/library/constants.html#None]) – a list of arguments passed to stdin, i.e. arguments passed to interactive input of the program


	void (bool [https://docs.python.org/3/library/functions.html#bool]) – return stdout and stderr?


	errorpass (bool [https://docs.python.org/3/library/functions.html#bool]) – if False, a subprocess.CalledProcessError [https://docs.python.org/3/library/subprocess.html#subprocess.CalledProcessError] is raised if the command fails


	env (dict [https://docs.python.org/3/library/stdtypes.html#dict] or None [https://docs.python.org/3/library/constants.html#None]) – the environment to be passed to the subprocess






	Returns

	a tuple of (stdout, stderr) if void is False otherwise None



	Return type

	None [https://docs.python.org/3/library/constants.html#None] or Tuple










	
spatialist.ancillary.which(program, mode=1)[source]

	
mimics UNIX’s which

taken from this post: http://stackoverflow.com/questions/377017/test-if-executable-exists-in-python

can be replaced by shutil.which() [https://docs.python.org/3/library/shutil.html#shutil.which] starting from Python 3.3




	Parameters

	
	program (str [https://docs.python.org/3/library/stdtypes.html#str]) – the program to be found


	mode (os.F_OK or os.X_OK) – the mode of the found file, i.e. file exists or file  is executable; see os.access() [https://docs.python.org/3/library/os.html#os.access]






	Returns

	the full path and name of the command



	Return type

	str [https://docs.python.org/3/library/stdtypes.html#str] or None [https://docs.python.org/3/library/constants.html#None]










	
spatialist.ancillary.parallel_apply_along_axis(func1d, axis, arr, cores=4, *args, **kwargs)[source]

	Like numpy.apply_along_axis() [https://numpy.org/doc/stable/reference/generated/numpy.apply_along_axis.html#numpy.apply_along_axis] but using multiple threads.
Adapted from here [https://stackoverflow.com/questions/45526700/easy-parallelization-of-numpy-apply-along-axis].


	Parameters

	
	func1d (function) – the function to be applied


	axis (int [https://docs.python.org/3/library/functions.html#int]) – the axis along which to apply func1d


	arr (numpy.ndarray [https://numpy.org/doc/stable/reference/generated/numpy.ndarray.html#numpy.ndarray]) – the input array


	cores (int [https://docs.python.org/3/library/functions.html#int]) – the number of parallel cores


	args (any) – Additional arguments to func1d.


	kwargs (any) – Additional named arguments to func1d.






	Returns

	



	Return type

	numpy.ndarray [https://numpy.org/doc/stable/reference/generated/numpy.ndarray.html#numpy.ndarray]











ENVI HDR file manipulation

This module offers functionality for editing ENVI header files


	
class spatialist.envi.HDRobject(data=None)[source]

	ENVI HDR info handler


	Parameters

	data (str [https://docs.python.org/3/library/stdtypes.html#str], dict [https://docs.python.org/3/library/stdtypes.html#dict] or None [https://docs.python.org/3/library/constants.html#None]) – the file or dictionary to get the info from; If None (default), an object with default values for an empty
raster file is returned





Examples

>>> from spatialist.envi import HDRobject
>>> with HDRobject('E:/test.hdr') as hdr:
>>>     hdr.band_names = ['one', 'two']
>>>     print(hdr)
>>>     hdr.write()






	
write(filename='same')[source]

	write object to an ENVI header file










	
spatialist.envi.hdr(data, filename)[source]

	write ENVI header files


	Parameters

	
	data (str [https://docs.python.org/3/library/stdtypes.html#str] or dict [https://docs.python.org/3/library/stdtypes.html#dict]) – the file or dictionary to get the info from


	filename (str [https://docs.python.org/3/library/stdtypes.html#str]) – the HDR file to write















Some general examples


in-memory vector object rasterization


Here we create a new raster data set with the same geo-information and extent as a reference data set
and burn the geometries from a shapefile into it.

In this example, the shapefile contains an attribute Site_name and one of the geometries in the shapefile has a
value of my_testsite for this attribute.

We use the expressions parameter to subset the shapefile and burn a value of 1 in the raster at all locations
where the geometry selection overlaps. Multiple expressions can be defined together with multiple burn values.

Also, burn values can be appended to an already existing raster data set. In this case, the rasterization is
performed in-memory to further use it for e.g. plotting. Alternatively, an outname can be defined to directly write
the result to disk as a GeoTiff.

See spatialist.raster.rasterize() for further reference.



>>> from spatialist import Vector, Raster
>>> from spatialist.raster import rasterize
>>> import matplotlib.pyplot as plt
>>>
>>> shapefile = 'testsites.shp'
>>> rasterfile = 'extent.tif'
>>>
>>> with Raster(rasterfile) as ras:
>>>     with Vector(shapefile) as vec:
>>>         mask = rasterize(vec, reference=ras, burn_values=1, expressions=["Site_Name='my testsite'"])
>>>         plt.imshow(mask.matrix())
>>>         plt.show()









          

      

      

    

  

    
      
          
            
  
Changelog


0.4 | 2019-12-05


	spatialist.auxil.gdalwarp(): optional progressbar via new argument pbar


	spatialist.raster.Raster


	enabled reading data in zip and tar.gz archives


	bbox()


	renamed parameter format to driver


	new parameter source to get coordinates from the image of the GCPs










	spatialist.raster.stack()


	improved parallelization


	new parameter pbar to make use of the new gdalwarp() functionality






	bug fixes






0.5 | 2020-04-21


	compatibility of SpatiaLite tools with Windows10


	compatibility with GDAL 3


	new function spatialist.ancillary.parallel_apply_along_axis():
like numpy.apply_along_axis() [https://numpy.org/doc/stable/reference/generated/numpy.apply_along_axis.html#numpy.apply_along_axis] but using multiple threads


	new function spatialist.auxil.cmap_mpl2gdal(): convert matplotlib color sequences to GDAL color tables


	spatialist.raster.Raster


	method write(): new argument cmap to write color maps to a file; can be created with e.g. cmap_mpl2gdal()


	subsetting: option to use map coordinates instead of just pixel coordinates


	method array():


	automatically reduce dimensionality of returned arrays using numpy.squeeze() [https://numpy.org/doc/stable/reference/generated/numpy.squeeze.html#numpy.squeeze]


	cast arrays to float32 if the native data type does not support numpy.nan [https://numpy.org/doc/stable/reference/constants.html#numpy.nan] for masking missing data






	option to read image data in all .tar* archives, not just tar.gz


	new methods coord_map2img() and coord_img2map()
to convert between pixel/image and map coordinates of a dataset






	spatialist.vector.Vector


	better representation of the object’s geometry type(s) with new method geomTypes() and additional info when printing the object with print() [https://docs.python.org/3/library/functions.html#print]






	spatialist.explorer.RasterViewer


	optionally pass custom functions to create additional plots using argument custom










0.6 | 2020-07-17


	method spatialist.raster.Raster.write()


	optionally update an existing file with new arg update


	partial writing with new args xoff and yoff


	write external arrays with new arg array






	new function spatialist.raster.png()


	new function spatialist.raster.apply_along_time()


	bug fixes






0.7 | 2021-06-30


	spatialist.raster.Raster: option to subset objects by


	band names


	time range






	spatialist.auxil.crsConvert(): raise a RuntimeError if no corresponding EPSG code was found


	module spatialist.explorer and associated demo data and notebook have been outsourced to https://github.com/johntruckenbrodt/spatialist_explorer
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  Source code for spatialist.ancillary

##############################################################
# core routines for software spatialist
# John Truckenbrodt 2014-2020
##############################################################
"""
This script gathers central functions and classes for general applications
"""
import dill
import string
import shutil
import tempfile
import platform
import tblib.pickling_support
from io import StringIO
from urllib.parse import urlparse, urlunparse, urlencode
from builtins import str
import re
import sys
import fnmatch
import inspect
import itertools
import os
import subprocess as sp
import tarfile as tf
import zipfile as zf
import numpy as np

try:
    import pathos.multiprocessing as mp
except ImportError:
    pass


[docs]class HiddenPrints:
    """
    | Suppress console stdout prints, i.e. redirect them to a temporary string object.
    | Adapted from https://stackoverflow.com/questions/8391411/suppress-calls-to-print-python

    Examples
    --------
    >>> with HiddenPrints():
    >>>     print('foobar')
    >>> print('foobar')
    """
    
    def __enter__(self):
        self._original_stdout = sys.stdout
        sys.stdout = StringIO()
    
    def __exit__(self, exc_type, exc_val, exc_tb):
        sys.stdout = self._original_stdout



def decode_filter(text, encoding='utf-8'):
    """
    decode a binary object to str and filter out non-printable characters
    
    Parameters
    ----------
    text: bytes
        the binary object to be decoded
    encoding: str
        the encoding to be used

    Returns
    -------
    str
        the decoded and filtered string
    """
    if text is not None:
        text = text.decode(encoding, errors='ignore')
        printable = set(string.printable)
        text = filter(lambda x: x in printable, text)
        return ''.join(list(text))
    else:
        return None


def dictmerge(x, y):
    """
    merge two dictionaries
    """
    z = x.copy()
    z.update(y)
    return z


# todo consider using itertools.chain like in function finder
[docs]def dissolve(inlist):
    """
    list and tuple flattening
    
    Parameters
    ----------
    inlist: list
        the list with sub-lists or tuples to be flattened
    
    Returns
    -------
    list
        the flattened result
    
    Examples
    --------
    >>> dissolve([[1, 2], [3, 4]])
    [1, 2, 3, 4]
    
    >>> dissolve([(1, 2, (3, 4)), [5, (6, 7)]])
    [1, 2, 3, 4, 5, 6, 7]
    """
    out = []
    for i in inlist:
        i = list(i) if isinstance(i, tuple) else i
        out.extend(dissolve(i)) if isinstance(i, list) else out.append(i)
    return out



[docs]def finder(target, matchlist, foldermode=0, regex=False, recursive=True):
    """
    function for finding files/folders in folders and their subdirectories

    Parameters
    ----------
    target: str or list of str
        a directory, zip- or tar-archive or a list of them to be searched
    matchlist: list
        a list of search patterns
    foldermode: int
        * 0: only files
        * 1: files and folders
        * 2: only folders
    regex: bool
        are the search patterns in matchlist regular expressions or unix shell standard (default)?
    recursive: bool
        search target recursively into all subdirectories or only in the top level?
        This is currently only implemented for parameter `target` being a directory.

    Returns
    -------
    list of str
        the absolute names of files/folders matching the patterns
    """
    if foldermode not in [0, 1, 2]:
        raise ValueError("'foldermode' must be either 0, 1 or 2")
    
    # match patterns
    if isinstance(target, str):
        
        pattern = r'|'.join(matchlist if regex else [fnmatch.translate(x) for x in matchlist])
        
        if os.path.isdir(target):
            if recursive:
                out = dissolve([[os.path.join(root, x)
                                 for x in dirs + files
                                 if re.search(pattern, x)]
                                for root, dirs, files in os.walk(target)])
            else:
                out = [os.path.join(target, x)
                       for x in os.listdir(target)
                       if re.search(pattern, x)]
            
            if foldermode == 0:
                out = [x for x in out if not os.path.isdir(x)]
            if foldermode == 2:
                out = [x for x in out if os.path.isdir(x)]
            
            return sorted(out)
        
        elif os.path.isfile(target):
            if zf.is_zipfile(target):
                with zf.ZipFile(target, 'r') as zip:
                    out = [os.path.join(target, name)
                           for name in zip.namelist()
                           if re.search(pattern, os.path.basename(name.strip('/')))]
                
                if foldermode == 0:
                    out = [x for x in out if not x.endswith('/')]
                elif foldermode == 1:
                    out = [x.strip('/') for x in out]
                elif foldermode == 2:
                    out = [x.strip('/') for x in out if x.endswith('/')]
                
                return sorted(out)
            
            elif tf.is_tarfile(target):
                tar = tf.open(target)
                out = [name for name in tar.getnames()
                       if re.search(pattern, os.path.basename(name.strip('/')))]
                
                if foldermode == 0:
                    out = [x for x in out if not tar.getmember(x).isdir()]
                elif foldermode == 2:
                    out = [x for x in out if tar.getmember(x).isdir()]
                
                tar.close()
                
                out = [os.path.join(target, x) for x in out]
                
                return sorted(out)
            
            else:
                raise TypeError("if parameter 'target' is a file, "
                                "it must be a zip or tar archive:\n    {}"
                                .format(target))
        else:
            raise TypeError("if parameter 'target' is of type str, "
                            "it must be a directory or a file:\n    {}"
                            .format(target))
    
    elif isinstance(target, list):
        groups = [finder(x, matchlist, foldermode, regex, recursive) for x in target]
        return list(itertools.chain(*groups))
    
    else:
        raise TypeError("parameter 'target' must be of type str or list")



[docs]def multicore(function, cores, multiargs, **singleargs):
    """
    wrapper for multicore process execution

    Parameters
    ----------
    function
        individual function to be applied to each process item
    cores: int
        the number of subprocesses started/CPUs used;
        this value is reduced in case the number of subprocesses is smaller
    multiargs: dict
        a dictionary containing sub-function argument names as keys and lists of arguments to be
        distributed among the processes as values
    singleargs
        all remaining arguments which are invariant among the subprocesses

    Returns
    -------
    None or list
        the return of the function for all subprocesses

    Notes
    -----
    - all `multiargs` value lists must be of same length, i.e. all argument keys must be explicitly defined for each
      subprocess
    - all function arguments passed via `singleargs` must be provided with the full argument name and its value
      (i.e. argname=argval); default function args are not accepted
    - if the processes return anything else than None, this function will return a list of results
    - if all processes return None, this function will be of type void

    Examples
    --------
    >>> def add(x, y, z):
    >>>     return x + y + z
    >>> multicore(add, cores=2, multiargs={'x': [1, 2]}, y=5, z=9)
    [15, 16]
    >>> multicore(add, cores=2, multiargs={'x': [1, 2], 'y': [5, 6]}, z=9)
    [15, 17]

    See Also
    --------
    :mod:`pathos.multiprocessing`
    """
    tblib.pickling_support.install()
    
    # compare the function arguments with the multi and single arguments and raise errors if mismatches occur
    if sys.version_info >= (3, 0):
        check = inspect.getfullargspec(function)
        varkw = check.varkw
    else:
        check = inspect.getargspec(function)
        varkw = check.keywords
    
    if not check.varargs and not varkw:
        multiargs_check = [x for x in multiargs if x not in check.args]
        singleargs_check = [x for x in singleargs if x not in check.args]
        if len(multiargs_check) > 0:
            raise AttributeError('incompatible multi arguments: {0}'.format(', '.join(multiargs_check)))
        if len(singleargs_check) > 0:
            raise AttributeError('incompatible single arguments: {0}'.format(', '.join(singleargs_check)))
    
    # compare the list lengths of the multi arguments and raise errors if they are of different length
    arglengths = list(set([len(multiargs[x]) for x in multiargs]))
    if len(arglengths) > 1:
        raise AttributeError('multi argument lists of different length')
    
    # prevent starting more threads than necessary
    cores = cores if arglengths[0] >= cores else arglengths[0]
    
    # create a list of dictionaries each containing the arguments for individual
    # function calls to be passed to the multicore processes
    processlist = [dictmerge(dict([(arg, multiargs[arg][i]) for arg in multiargs]), singleargs)
                   for i in range(len(multiargs[list(multiargs.keys())[0]]))]
    
    if platform.system() == 'Windows':
        
        # in Windows parallel processing needs to strictly be in a "if __name__ == '__main__':" wrapper
        # it was thus necessary to outsource this to a different script and try to serialize all input for sharing objects
        # https://stackoverflow.com/questions/38236211/why-multiprocessing-process-behave-differently-on-windows-and-linux-for-global-o
        
        # a helper script to perform the parallel processing
        script = os.path.join(os.path.dirname(os.path.realpath(__file__)), 'multicore_helper.py')
        
        # a temporary file to write the serialized function variables
        tmpfile = os.path.join(tempfile.gettempdir(), 'spatialist_dump')
        
        # check if everything can be serialized
        if not dill.pickles([function, cores, processlist]):
            raise RuntimeError('cannot fully serialize function arguments;\n'
                               ' see https://github.com/uqfoundation/dill for supported types')
        
        # write the serialized variables
        with open(tmpfile, 'wb') as tmp:
            dill.dump([function, cores, processlist], tmp, byref=False)
        
        # run the helper script
        proc = sp.Popen([sys.executable, script], stdin=sp.PIPE, stderr=sp.PIPE)
        out, err = proc.communicate()
        if proc.returncode != 0:
            raise RuntimeError(err.decode())
        
        # retrieve the serialized output of the processing which was written to the temporary file by the helper script
        with open(tmpfile, 'rb') as tmp:
            result = dill.load(tmp)
        return result
    else:
        results = None
        
        def wrapper(**kwargs):
            try:
                return function(**kwargs)
            except Exception as e:
                return ExceptionWrapper(e)
        
        # block printing of the executed function
        with HiddenPrints():
            # start pool of processes and do the work
            try:
                pool = mp.Pool(processes=cores)
            except NameError:
                raise ImportError("package 'pathos' could not be imported")
            results = pool.imap(lambda x: wrapper(**x), processlist)
            pool.close()
            pool.join()
        
        i = 0
        out = []
        for item in results:
            if isinstance(item, ExceptionWrapper):
                item.ee = type(item.ee)(str(item.ee) +
                                        "\n(called function '{}' with args {})"
                                        .format(function.__name__, processlist[i]))
                raise (item.re_raise())
            out.append(item)
            i += 1
        
        # evaluate the return of the processing function;
        # if any value is not None then the whole list of results is returned
        eval = [x for x in out if x is not None]
        if len(eval) == 0:
            return None
        else:
            return out



def add(x, y, z):
    """
    only a dummy function for testing the multicore function
    defining it in the test script is not possible since it cannot be serialized
    with a reference module that does not exist (i.e. the test script)
    """
    return x + y + z


class ExceptionWrapper(object):
    """
    | class for enabling traceback pickling in function multiprocess
    | https://stackoverflow.com/questions/6126007/python-getting-a-traceback-from-a-multiprocessing-process
    | https://stackoverflow.com/questions/34463087/valid-syntax-in-both-python-2-x-and-3-x-for-raising-exception
    """
    
    def __init__(self, ee):
        self.ee = ee
        __, __, self.tb = sys.exc_info()
    
    def re_raise(self):
        if sys.version_info[0] == 3:
            def reraise(tp, value, tb=None):
                raise tp.with_traceback(tb)
        else:
            exec("def reraise(tp, value, tb=None):\n    raise tp, value, tb\n")
        reraise(self.ee, None, self.tb)


[docs]def parse_literal(x):
    """
    return the smallest possible data type for a string or list of strings

    Parameters
    ----------
    x: str or list
        a string to be parsed

    Returns
    -------
    int, float or str
        the parsing result
    
    Examples
    --------
    >>> isinstance(parse_literal('1.5'), float)
    True
    
    >>> isinstance(parse_literal('1'), int)
    True
    
    >>> isinstance(parse_literal('foobar'), str)
    True
    """
    if isinstance(x, list):
        return [parse_literal(y) for y in x]
    elif isinstance(x, (bytes, str)):
        try:
            return int(x)
        except ValueError:
            try:
                return float(x)
            except ValueError:
                return x
    else:
        raise TypeError('input must be a string or a list of strings')



class Queue(object):
    """
    classical queue implementation
    """
    
    def __init__(self, inlist=None):
        self.stack = [] if inlist is None else inlist
    
    def empty(self):
        return len(self.stack) == 0
    
    def length(self):
        return len(self.stack)
    
    def push(self, x):
        self.stack.append(x)
    
    def pop(self):
        if not self.empty():
            val = self.stack[0]
            del self.stack[0]
            return val


def rescale(inlist, newrange=(0, 1)):
    """
    rescale the values in a list between the values in newrange (a tuple with the new minimum and maximum)
    """
    OldMax = max(inlist)
    OldMin = min(inlist)
    
    if OldMin == OldMax:
        raise RuntimeError('list contains of only one unique value')
    
    OldRange = OldMax - OldMin
    NewRange = newrange[1] - newrange[0]
    result = [(((float(x) - OldMin) * NewRange) / OldRange) + newrange[0] for x in inlist]
    return result


[docs]def run(cmd, outdir=None, logfile=None, inlist=None, void=True, errorpass=False, env=None):
    """
    | wrapper for subprocess execution including logfile writing and command prompt piping
    | this is a convenience wrapper around the :mod:`subprocess` module and calls
      its class :class:`~subprocess.Popen` internally.
    
    Parameters
    ----------
    cmd: list
        the command arguments
    outdir: str or None
        the directory to execute the command in
    logfile: str or None
        a file to write stdout to
    inlist: list or None
        a list of arguments passed to stdin, i.e. arguments passed to interactive input of the program
    void: bool
        return stdout and stderr?
    errorpass: bool
        if False, a :class:`subprocess.CalledProcessError` is raised if the command fails
    env: dict or None
        the environment to be passed to the subprocess

    Returns
    -------
    None or Tuple
        a tuple of (stdout, stderr) if `void` is False otherwise None
    """
    cmd = [str(x) for x in dissolve(cmd)]
    if outdir is None:
        outdir = os.getcwd()
    log = sp.PIPE if logfile is None else open(logfile, 'a')
    proc = sp.Popen(cmd, stdin=sp.PIPE, stdout=log, stderr=sp.PIPE, cwd=outdir, env=env)
    instream = None if inlist is None \
        else ''.join([str(x) + '\n' for x in inlist]).encode('utf-8')
    out, err = proc.communicate(instream)
    out = decode_filter(out)
    err = decode_filter(err)
    if not errorpass and proc.returncode != 0:
        raise sp.CalledProcessError(proc.returncode, cmd, err)
    # add line for separating log entries of repeated function calls
    if logfile:
        log.write('#####################################################################\n')
        log.close()
    if not void:
        return out, err



class Stack(object):
    """
    classical stack implementation
    input can be a list, a single value or None (i.e. Stack())
    """
    
    def __init__(self, inlist=None):
        if isinstance(inlist, list):
            self.stack = inlist
        elif inlist is None:
            self.stack = []
        else:
            self.stack = [inlist]
    
    def empty(self):
        """
        check whether stack is empty
        """
        return len(self.stack) == 0
    
    def flush(self):
        """
        empty the stack
        """
        self.stack = []
    
    def length(self):
        """
        get the length of the stack
        """
        return len(self.stack)
    
    def push(self, x):
        """
        append items to the stack; input can be a single value or a list
        """
        if isinstance(x, list):
            for item in x:
                self.stack.append(item)
        else:
            self.stack.append(x)
    
    def pop(self):
        """
        return the last stack element and delete it from the list
        """
        if not self.empty():
            val = self.stack[-1]
            del self.stack[-1]
            return val


def union(a, b):
    """
    union of two lists
    """
    return list(set(a) & set(b))


def urlQueryParser(url, querydict):
    """
    parse a url query
    """
    address_parse = urlparse(url)
    return urlunparse(address_parse._replace(query=urlencode(querydict)))


[docs]def which(program, mode=os.F_OK | os.X_OK):
    """
    | mimics UNIX's which
    | taken from this post: http://stackoverflow.com/questions/377017/test-if-executable-exists-in-python
    | can be replaced by :func:`shutil.which()` starting from Python 3.3
    
    Parameters
    ----------
    program: str
        the program to be found
    mode: os.F_OK or os.X_OK
        the mode of the found file, i.e. file exists or file  is executable; see :func:`os.access`

    Returns
    -------
    str or None
        the full path and name of the command
    """
    if sys.version_info >= (3, 3):
        return shutil.which(program, mode=mode)
    else:
        def is_exe(fpath, mode):
            return os.path.isfile(fpath) and os.access(fpath, mode)
        
        fpath, fname = os.path.split(program)
        if fpath:
            if is_exe(program, mode):
                return program
        else:
            for path in os.environ['PATH'].split(os.path.pathsep):
                path = path.strip('"')
                exe_files = [os.path.join(path, program), os.path.join(path, program + '.exe')]
                for exe_file in exe_files:
                    if is_exe(exe_file, mode):
                        return exe_file
        return None



[docs]def parallel_apply_along_axis(func1d, axis, arr, cores=4, *args, **kwargs):
    """
    Like :func:`numpy.apply_along_axis()` but using multiple threads.
    Adapted from `here <https://stackoverflow.com/questions/45526700/
    easy-parallelization-of-numpy-apply-along-axis>`_.

    Parameters
    ----------
    func1d: function
        the function to be applied
    axis: int
        the axis along which to apply `func1d`
    arr: numpy.ndarray
        the input array
    cores: int
        the number of parallel cores
    args: any
        Additional arguments to `func1d`.
    kwargs: any
        Additional named arguments to `func1d`.

    Returns
    -------
    numpy.ndarray
    """
    # Effective axis where apply_along_axis() will be applied by each
    # worker (any non-zero axis number would work, so as to allow the use
    # of `np.array_split()`, which is only done on axis 0):
    effective_axis = 1 if axis == 0 else axis
    if effective_axis != axis:
        arr = arr.swapaxes(axis, effective_axis)
    
    def unpack(arguments):
        func1d, axis, arr, args, kwargs = arguments
        return np.apply_along_axis(func1d, axis, arr, *args, **kwargs)
    
    if cores <= 0:
        raise ValueError('cores must be larger than 0')
    elif cores == 1:
        return np.apply_along_axis(func1d, axis, arr, *args, **kwargs)
    else:
        chunks = [(func1d, effective_axis, sub_arr, args, kwargs)
                  for sub_arr in np.array_split(arr, mp.cpu_count())]
        
        pool = mp.Pool(cores)
        individual_results = pool.map(unpack, chunks)
        # Freeing the workers:
        pool.close()
        pool.join()
        
        return np.concatenate(individual_results)





          

      

      

    

  

    
      
          
            
  Source code for spatialist.auxil

##############################################################
# Convenience functions for general spatial applications
# John Truckenbrodt, 2016-2020
##############################################################
import math
import warnings
from osgeo import osr, gdal, ogr
import progressbar as pb
from matplotlib import pyplot as plt

osr.UseExceptions()
ogr.UseExceptions()
gdal.UseExceptions()


[docs]def crsConvert(crsIn, crsOut):
    """
    convert between different types of spatial references

    Parameters
    ----------
    crsIn: int, str, :osgeo:class:`osr.SpatialReference`
        the input CRS
    crsOut: {'wkt', 'proj4', 'epsg', 'osr', 'opengis' or 'prettyWkt'}
        the output CRS type

    Returns
    -------
    int, str, :osgeo:class:`osr.SpatialReference`
        the output CRS

    Examples
    --------
    convert an integer EPSG code to PROJ4:

    >>> crsConvert(4326, 'proj4')
    '+proj=longlat +datum=WGS84 +no_defs '

    convert a PROJ4 string to an opengis URL:

    >>> crsConvert('+proj=longlat +datum=WGS84 +no_defs ', 'opengis')
    'http://www.opengis.net/def/crs/EPSG/0/4326'

    convert the opengis URL back to EPSG:

    >>> crsConvert('http://www.opengis.net/def/crs/EPSG/0/4326', 'epsg')
    4326
    
    convert an EPSG compound CRS (WGS84 horizontal + EGM96 vertical)
    
    >>> crsConvert('EPSG:4326+5773', 'proj4')
    '+proj=longlat +datum=WGS84 +geoidgrids=egm96_15.gtx +vunits=m +no_defs '
    """
    if isinstance(crsIn, osr.SpatialReference):
        srs = crsIn.Clone()
    else:
        srs = osr.SpatialReference()
        
        if isinstance(crsIn, int):
            crsIn = 'EPSG:{}'.format(crsIn)
        
        if isinstance(crsIn, str):
            try:
                srs.SetFromUserInput(crsIn)
                if gdal.__version__ >= '3.0':
                    srs.SetAxisMappingStrategy(osr.OAMS_TRADITIONAL_GIS_ORDER)
            except RuntimeError:
                raise TypeError('crsIn not recognized; must be of type WKT, PROJ4 or EPSG\n'
                                '  was: "{}" of type {}'.format(crsIn, type(crsIn).__name__))
        else:
            raise TypeError('crsIn must be of type int, str or osr.SpatialReference')
    if crsOut == 'wkt':
        return srs.ExportToWkt()
    elif crsOut == 'prettyWkt':
        return srs.ExportToPrettyWkt()
    elif crsOut == 'proj4':
        return srs.ExportToProj4()
    elif crsOut == 'epsg':
        srs.AutoIdentifyEPSG()
        code = int(srs.GetAuthorityCode(None))
        # make sure the ESPG code actually exists
        try:
            srsTest = osr.SpatialReference()
            srsTest.ImportFromEPSG(code)
        except RuntimeError:
            raise RuntimeError('CRS does not have a EPSG representation')
        return code
    elif crsOut == 'opengis':
        srs.AutoIdentifyEPSG()
        return 'http://www.opengis.net/def/crs/EPSG/0/{}'.format(srs.GetAuthorityCode(None))
    elif crsOut == 'osr':
        return srs
    else:
        raise ValueError('crsOut not recognized; must be either wkt, proj4, opengis or epsg')



[docs]def haversine(lat1, lon1, lat2, lon2):
    """
    compute the distance in meters between two points in latlon

    Parameters
    ----------
    lat1: int or float
        the latitude of point 1
    lon1: int or float
        the longitude of point 1
    lat2: int or float
        the latitude of point 2
    lon2: int or float
        the longitude of point 2

    Returns
    -------
    float
        the distance between point 1 and point 2 in meters

    """
    radius = 6371000
    lat1, lon1, lat2, lon2 = map(math.radians, [lat1, lon1, lat2, lon2])
    a = math.sin((lat2 - lat1) / 2) ** 2 + math.cos(lat1) * math.cos(lat2) * math.sin((lon2 - lon1) / 2) ** 2
    c = 2 * math.asin(math.sqrt(a))
    return radius * c



[docs]def gdalwarp(src, dst, options, pbar=False):
    """
    a simple wrapper for :osgeo:func:`gdal.Warp`

    Parameters
    ----------
    src: str, :osgeo:class:`ogr.DataSource` or :osgeo:class:`gdal.Dataset`
        the input data set
    dst: str
        the output data set
    options: dict
        additional parameters passed to gdal.Warp; see :osgeo:func:`gdal.WarpOptions`
    pbar: bool
        add a progressbar?

    Returns
    -------

    """
    try:
        if pbar:
            options = options.copy()
            widgets = [pb.Percentage(), pb.Bar(), pb.Timer(), ' ', pb.ETA()]
            progress = pb.ProgressBar(max_value=100, widgets=widgets).start()
            options['callback'] = __callback
            options['callback_data'] = progress
        out = gdal.Warp(dst, src, options=gdal.WarpOptions(**options))
        if pbar:
            progress.finish()
    except RuntimeError as e:
        raise RuntimeError('{}:\n  src: {}\n  dst: {}\n  options: {}'.format(str(e), src, dst, options))
    out = None



[docs]def gdalbuildvrt(src, dst, options=None, void=True):
    """
    a simple wrapper for :osgeo:func:`gdal.BuildVRT`

    Parameters
    ----------
    src: str, list, :osgeo:class:`ogr.DataSource` or :osgeo:class:`gdal.Dataset`
        the input data set(s)
    dst: str
        the output data set
    options: dict
        additional parameters passed to gdal.BuildVRT; see :osgeo:func:`gdal.BuildVRTOptions`
    void: bool
        just write the results and don't return anything? If not, the spatial object is returned

    Returns
    -------

    """
    options = {} if options is None else options
    
    if 'outputBounds' in options.keys() and gdal.__version__ < '2.4.0':
        warnings.warn('\ncreating VRT files with subsetted extent is very likely to cause problems. '
                      'Please use GDAL version >= 2.4.0, which fixed the problem.\n'
                      'see here for a description of the problem:\n'
                      '  https://gis.stackexchange.com/questions/314333/'
                      'sampling-error-using-gdalwarp-on-a-subsetted-vrt\n'
                      'and here for the release note of GDAL 2.4.0:\n'
                      '  https://trac.osgeo.org/gdal/wiki/Release/2.4.0-News')
    
    out = gdal.BuildVRT(dst, src, options=gdal.BuildVRTOptions(**options))
    out.FlushCache()
    if void:
        out = None
    else:
        return out



[docs]def gdal_translate(src, dst, options):
    """
    a simple wrapper for `gdal.Translate <https://gdal.org/python/osgeo.gdal-module.html#Translate>`_

    Parameters
    ----------
    src: str, :osgeo:class:`ogr.DataSource` or :osgeo:class:`gdal.Dataset`
        the input data set
    dst: str
        the output data set
    options: dict
        additional parameters passed to gdal.Translate;
        see `gdal.TranslateOptions <http://gdal.org/python/osgeo.gdal-module.html#TranslateOptions>`_

    Returns
    -------

    """
    out = gdal.Translate(dst, src, options=gdal.TranslateOptions(**options))
    out = None



[docs]def ogr2ogr(src, dst, options):
    """
    a simple wrapper for gdal.VectorTranslate aka `ogr2ogr <https://www.gdal.org/ogr2ogr.html>`_

    Parameters
    ----------
    src: str or :osgeo:class:`ogr.DataSource`
        the input data set
    dst: str
        the output data set
    options: dict
        additional parameters passed to gdal.VectorTranslate;
        see `gdal.VectorTranslateOptions <http://gdal.org/python/osgeo.gdal-module.html#VectorTranslateOptions>`_

    Returns
    -------

    """
    out = gdal.VectorTranslate(dst, src, options=gdal.VectorTranslateOptions(**options))
    out = None



[docs]def gdal_rasterize(src, dst, options):
    """
    a simple wrapper for gdal.Rasterize

    Parameters
    ----------
    src: str or :osgeo:class:`ogr.DataSource`
        the input data set
    dst: str
        the output data set
    options: dict
        additional parameters passed to gdal.Rasterize; see :osgeo:func:`gdal.RasterizeOptions`

    Returns
    -------

    """
    out = gdal.Rasterize(dst, src, options=gdal.RasterizeOptions(**options))
    out = None



[docs]def coordinate_reproject(x, y, s_crs, t_crs):
    """
    reproject a coordinate from one CRS to another
    
    Parameters
    ----------
    x: int or float
        the X coordinate component
    y: int or float
        the Y coordinate component
    s_crs: int, str or :osgeo:class:`osr.SpatialReference`
        the source CRS. See :func:`~spatialist.auxil.crsConvert` for options.
    t_crs: int, str or :osgeo:class:`osr.SpatialReference`
        the target CRS. See :func:`~spatialist.auxil.crsConvert` for options.

    Returns
    -------
    tuple
    
    """
    source = crsConvert(s_crs, 'osr')
    target = crsConvert(t_crs, 'osr')
    transform = osr.CoordinateTransformation(source, target)
    point = transform.TransformPoint(x, y)[:2]
    return point



[docs]def utm_autodetect(spatial, crsOut):
    """
    get the UTM CRS for a spatial object
    
    The bounding box of the object is extracted, reprojected to :epsg:`4326` and its
    center coordinate used for computing the best UTM zone fit.
    
    Parameters
    ----------
    spatial: Raster or Vector
        a spatial object in an arbitrary CRS
    crsOut: str
        the output CRS type; see function :func:`crsConvert` for options
    
    Returns
    -------
    int or str or :osgeo:class:`osr.SpatialReference`
        the output CRS
    """
    with spatial.bbox() as box:
        box.reproject(4326)
        ext = box.extent
    lon = (ext['xmax'] + ext['xmin']) / 2
    lat = (ext['ymax'] + ext['ymin']) / 2
    zone = int(1 + (lon + 180.0) / 6.0)
    north = lat > 0
    utm_cs = osr.SpatialReference()
    utm_cs.SetWellKnownGeogCS('WGS84')
    if gdal.__version__ >= '3.0':
        utm_cs.SetAxisMappingStrategy(osr.OAMS_TRADITIONAL_GIS_ORDER)
    utm_cs.SetUTM(zone, north)
    return crsConvert(utm_cs, crsOut)



def __callback(pct, msg, data):
    """
    helper function to create a progress bar in function gdalwarp
    
    Parameters
    ----------
    pct: float
        the percentage progress
    msg: str
        the message to be printed on each progress step
    data
        the data to be modified during each progress step

    Returns
    -------

    """
    percent = int(pct * 100)
    data.update(percent)
    return 1


[docs]def cmap_mpl2gdal(mplcolor, values):
    """
    convert a matplotlib color table to a GDAL representation.
    
    Parameters
    ----------
    mplcolor: str
        a color table code
    values: list
        the integer data values for which to retrieve colors

    Returns
    -------
    :osgeo:class:`gdal.ColorTable`
        the color table in GDAL format
    
    Notes
    -----
    This function is currently only developed for handling discrete integer data values in an 8 Bit file.
    Colors are thus scaled between 0 and 255.
    
    Examples
    --------
    >>> from osgeo import gdal
    >>> from spatialist.auxil import cmap_mpl2gdal
    >>> values = list(range(0, 100))
    >>> cmap = cmap_mpl2gdal(mplcolor='YlGnBu', values=values)
    >>> print(isinstance(cmap, gdal.ColorTable))
    True
    """
    
    cmap_plt = plt.get_cmap(mplcolor, len(values))
    
    cmap = gdal.ColorTable()
    
    for i in values:
        color = tuple(int(round(x * 255)) for x in cmap_plt(i))
        cmap.SetColorEntry(i, color)
    return cmap





          

      

      

    

  

    
      
          
            
  Source code for spatialist.envi

##############################################################
# ENVI header management
# John Truckenbrodt 2015-2019
##############################################################
"""
This module offers functionality for editing ENVI header files
"""
import re
from .ancillary import parse_literal


[docs]def hdr(data, filename):
    """
    write ENVI header files

    Parameters
    ----------
    data: str or dict
        the file or dictionary to get the info from
    filename: str
        the HDR file to write

    Returns
    -------

    """
    hdrobj = data if isinstance(data, HDRobject) else HDRobject(data)
    hdrobj.write(filename)



[docs]class HDRobject(object):
    """
    ENVI HDR info handler

    Parameters
    ----------
    data: str, dict or None
        the file or dictionary to get the info from; If None (default), an object with default values for an empty
        raster file is returned

    Examples
    --------

    >>> from spatialist.envi import HDRobject
    >>> with HDRobject('E:/test.hdr') as hdr:
    >>>     hdr.band_names = ['one', 'two']
    >>>     print(hdr)
    >>>     hdr.write()
    """
    
    def __init__(self, data=None):
        self.filename = data if isinstance(data, str) else None
        if isinstance(data, str):
            if re.search('.hdr$', data):
                args = self.__hdr2dict()
            else:
                raise RuntimeError('the data does not seem to be a ENVI HDR file')
        elif data is None:
            args = {'bands': 1,
                    'header_offset': 0,
                    'file_type': 'ENVI Standard',
                    'interleave': 'bsq',
                    'sensor_type': 'Unknown',
                    'byte_order': 0,
                    'wavelength_units': 'Unknown',
                    'samples': 0,
                    'lines': 0}
        elif isinstance(data, dict):
            args = data
        
        else:
            raise RuntimeError('parameter data must be of type str, dict or None')
        
        for arg in args:
            setattr(self, arg, args[arg])
    
    def __enter__(self):
        return self
    
    def __exit__(self, exc_type, exc_val, exc_tb):
        return
    
    def __str__(self):
        lines = ['ENVI']
        for item in ['description', 'acquisition_time', 'samples', 'lines', 'bands', 'header_offset', 'file_type',
                     'data_type', 'data_ignore_value', 'interleave', 'sensor_type', 'byte_order', 'map_info',
                     'coordinate_system_string', 'wavelength_units', 'band_names']:
            if hasattr(self, item):
                value = getattr(self, item)
                if isinstance(value, (list, map)):
                    lines.append(item.replace('_', ' ') + ' = {' + ', '.join([str(x) for x in value]) + '}')
                elif item in ['description', 'band_names', 'coordinate_system_string']:
                    lines.append(item.replace('_', ' ') + ' = {' + str(value) + '}')
                else:
                    lines.append(item.replace('_', ' ') + ' = ' + str(value) + '')
        return '\n'.join(lines)
    
    def __hdr2dict(self):
        """
        read a HDR file into a dictionary
        http://gis.stackexchange.com/questions/48618/how-to-read-write-envi-metadata-using-gdal
        Returns
        -------
        dict
            the hdr file metadata attributes
        """
        with open(self.filename, 'r') as infile:
            lines = infile.readlines()
        i = 0
        out = dict()
        while i < len(lines):
            line = lines[i].strip('\r\n')
            if '=' in line:
                if '{' in line and '}' not in line:
                    while '}' not in line:
                        i += 1
                        line += lines[i].strip('\n').lstrip()
                line = list(filter(None, re.split(r'\s+=\s+', line)))
                line[1] = re.split(',[ ]*', line[1].strip('{}'))
                key = line[0].replace(' ', '_')
                val = line[1] if len(line[1]) > 1 else line[1][0]
                out[key] = parse_literal(val)
            i += 1
        if 'band_names' in out.keys() and not isinstance(out['band_names'], list):
            out['band_names'] = [out['band_names']]
        return out
    
[docs]    def write(self, filename='same'):
        """
        write object to an ENVI header file
        """
        if filename == 'same':
            filename = self.filename
        if not filename.endswith('.hdr'):
            filename += '.hdr'
        with open(filename, 'w') as out:
            out.write(self.__str__())






          

      

      

    

  

    
      
          
            
  Source code for spatialist.raster

#################################################################
# GDAL wrapper for convenient raster data handling and processing
# John Truckenbrodt 2015-2020
#################################################################


# todo: function to write data with the same metadata as a given file

from __future__ import division
import os
import re
import platform
import warnings
import tempfile
from datetime import datetime
from math import sqrt, floor, ceil
from time import gmtime, strftime
import numpy as np

from . import envi
from .auxil import gdalwarp, gdalbuildvrt, gdal_translate
from .vector import Vector, bbox, crsConvert, intersect
from .ancillary import dissolve, multicore, parallel_apply_along_axis
from .envi import HDRobject

from osgeo import gdal, gdal_array, osr
from osgeo.gdalconst import GA_ReadOnly, GA_Update

import logging

log = logging.getLogger(__name__)

os.environ['GDAL_PAM_PROXY_DIR'] = tempfile.gettempdir()

gdal.UseExceptions()

subset_tolerance = 0  # percent
"""
this parameter can be set to increase the pixel tolerance in percent when subsetting
:class:`Raster` objects with the extent of other spatial objects.

Examples
--------
| Coordinates are in EPSG:32632, pixel resolution of the image to be subsetted is 90 m:
| (subsetting extent)
| {'xmin': 534093.341, 'xmax': 830103.341, 'ymin': 5030609.645, 'ymax': 5250929.645}
| subset_tolerance = 0
| {'xmin': 534003.341, 'xmax': 830103.341, 'ymin': 5030519.645, 'ymax': 5250929.645}
| subset_tolerance = 0.02
| {'xmin': 534093.341, 'xmax': 830103.341, 'ymin': 5030609.645, 'ymax': 5250929.645}
"""


[docs]class Raster(object):
    """
    This is intended as a raster meta information handler with options for reading and writing raster data in a
    convenient manner by simplifying the numerous options provided by the `GDAL <http://www.gdal.org/>`_ python binding.
    Several methods are provided along with this class to directly modify the raster object in memory or directly
    write a newly created file to disk (without modifying the raster object itself).
    Upon initializing a Raster object, only metadata is loaded. The actual data can be, for example,
    loaded to memory by calling methods :meth:`matrix` or :meth:`load`.

    Parameters
    ----------
    filename: str or list or :osgeo:class:`gdal.Dataset`
        the raster file(s)/object to read
    list_separate: bool
        treat a list of files as separate layers or otherwise as a single layer? The former is intended for single
        layers of a stack, the latter for tiles of a mosaic.
    timestamps: list of str or None
        the time information for each layer
    """
    
    def __init__(self, filename, list_separate=True, timestamps=None):
        if isinstance(filename, gdal.Dataset):
            self.raster = filename
            self.filename = self.files[0] if self.files is not None else None
        elif isinstance(filename, str):
            self.filename = filename if os.path.isabs(filename) else os.path.join(os.getcwd(), filename)
            filename = self.__prependVSIdirective(filename)
            self.raster = gdal.Open(filename, GA_ReadOnly)
        elif isinstance(filename, list):
            if len(filename) < 2:
                raise RuntimeError("'filename' is a list with less than two elements")
            filename = self.__prependVSIdirective(filename)
            self.filename = tempfile.NamedTemporaryFile(suffix='.vrt').name
            self.raster = gdalbuildvrt(src=filename,
                                       dst=self.filename,
                                       options={'separate': list_separate},
                                       void=False)
        else:
            raise RuntimeError('raster input must be of type str, list or gdal.Dataset; is: {}'
                               .format(type(filename).__name__))
        
        # a list to contain arrays
        self.__data = [None] * self.bands
        
        if self.format == 'ENVI':
            with HDRobject(self.filename + '.hdr') as hdr:
                if hasattr(hdr, 'band_names'):
                    self.bandnames = hdr.band_names
                else:
                    self.bandnames = ['band{}'.format(x) for x in range(1, self.bands + 1)]
        elif self.format == 'VRT':
            vrt_tilenames = [os.path.splitext(os.path.basename(x))[0] for x in self.files[1:]]
            if len(vrt_tilenames) == self.bands:
                self.bandnames = vrt_tilenames
            elif self.bands == 1:
                self.bandnames = ['mosaic']
        else:
            self.bandnames = ['band{}'.format(x) for x in range(1, self.bands + 1)]
        
        if timestamps is not None:
            if len(timestamps) != len(self.bandnames):
                raise RuntimeError('the number of time stamps is different to the number of bands')
        self.timestamps = timestamps
    
    def __enter__(self):
        return self
    
    def __exit__(self, exc_type, exc_val, exc_tb):
        self.close()
    
    def __str__(self):
        vals = dict()
        vals['rows'], vals['cols'], vals['bands'] = self.dim
        vals.update(self.geo)
        vals['proj4'] = self.proj4
        vals['epsg'] = self.epsg
        vals['filename'] = self.filename if self.filename is not None else 'memory'
        if self.timestamps is not None:
            t0 = min(self.timestamps)
            t1 = max(self.timestamps)
            vals['time'] = 'time range : {0} .. {1}\n'.format(t0, t1)
        else:
            vals['time'] = ''
        
        info = 'class      : spatialist Raster object\n' \
               'dimensions : {rows}, {cols}, {bands} (rows, cols, bands)\n' \
               'resolution : {xres}, {yres} (x, y)\n' \
               '{time}' \
               'extent     : {xmin}, {xmax}, {ymin}, {ymax} (xmin, xmax, ymin, ymax)\n' \
               'coord. ref.: {proj4} (EPSG:{epsg})\n' \
               'data source: {filename}'.format(**vals)
        
        return info
    
[docs]    def __getitem__(self, index):
        """
        subset the object by slices or vector geometry. If slices are provided, one slice for each raster dimension
        needs to be defined. I.e., if the raster object contains several image bands, three slices are necessary.
        Integer slices are treated as pixel coordinates and float slices as map coordinates.
        If a :class:`~spatialist.vector.Vector` geometry is defined, it is internally projected to the raster CRS if
        necessary, its extent derived, and the extent converted to raster pixel slices, which are then used for subsetting.

        Parameters
        ----------
        index: :obj:`tuple` of :obj:`slice` or :obj:`~spatialist.vector.Vector`
            the subsetting indices to be used

        Returns
        -------
        Raster
            a new raster object referenced through an in-memory GDAL VRT file
        
        Examples
        --------
        >>> filename = 'test'
        >>> with Raster(filename) as ras:
        >>>     print(ras)
        class      : spatialist Raster object
        dimensions : 2908, 2069, 115 (rows, cols, bands)
        resolution : 20.0, -20.0 (x, y)
        extent     : 713315.198, 754695.198, 4068985.595, 4127145.595 (xmin, xmax, ymin, ymax)
        coord. ref.: +proj=utm +zone=29 +datum=WGS84 +units=m +no_defs
        data source: test
        >>>
        >>>
        >>> xmin = 0
        >>> xmax = 100
        >>> ymin = 4068985.595
        >>> ymax = 4088985.595
        >>> with Raster(filename)[ymin:ymax, xmin:xmax, :] as ras:
        >>>     print(ras)
        class      : spatialist Raster object
        dimensions : 1000, 100, 115 (rows, cols, bands)
        resolution : 20.0, -20.0 (x, y)
        extent     : 713315.198, 715315.198, 4068985.595, 4088985.595 (xmin, xmax, ymin, ymax)
        coord. ref.: +proj=utm +zone=29 +datum=WGS84 +units=m +no_defs
        data source: /tmp/tmpk5weyhhq.vrt
        >>>
        >>>
        >>> ext = {'xmin': 713315.198, 'xmax': 715315.198, 'ymin': ymin, 'ymax': ymax}
        >>>
        >>> with bbox(ext, crs=32629) as vec:
        >>>     with Raster(filename)[vec] as ras:
        >>>         print(ras)
        class      : spatialist Raster object
        dimensions : 1000, 100, 115 (rows, cols, bands)
        resolution : 20.0, -20.0 (x, y)
        extent     : 713315.198, 715315.198, 4068985.595, 4088985.595 (xmin, xmax, ymin, ymax)
        coord. ref.: +proj=utm +zone=29 +datum=WGS84 +units=m +no_defs
        data source: /tmp/tmps4rc9o09.vrt
        """
        # subsetting via Vector object
        if isinstance(index, Vector):
            geomtypes = list(set(index.geomTypes))
            if len(geomtypes) != 1:
                raise RuntimeError('Raster subsetting is only supported for Vector objects with one type of geometry')
            geomtype = geomtypes[0]
            if geomtype == 'POLYGON':
                # intersect bounding boxes of vector and raster object
                inter = intersect(index.bbox(), self.bbox())
                if inter is None:
                    raise RuntimeError('no intersection between Raster and Vector object')
            else:
                raise RuntimeError('Raster subsetting is only supported for POLYGON geometries')
            # get raster indexing slices from intersect bounding box extent
            sl = self.__extent2slice(inter.extent)
            # subset raster object with slices
            with self[sl] as sub:
                # mask subsetted raster object with vector geometries
                masked = sub.__maskbyvector(inter)
            inter = None
            return masked
        #####################################################################################################
        # subsetting via slices
        if isinstance(index, tuple):
            ras_dim = 2 if self.raster.RasterCount == 1 else 3
            if ras_dim != len(index):
                raise IndexError(
                    'mismatch of index length ({0}) and raster dimensions ({1})'.format(len(index), ras_dim))
            for i in [0, 1]:
                if hasattr(index[i], 'step') and index[i].step is not None:
                    raise IndexError('step slicing of {} is not allowed'.format(['rows', 'cols'][i]))
            index = list(index)
        
        # treat float indices as map coordinates and convert them to image coordinates
        yi = index[0]
        if isinstance(yi, float):
            yi = self.coord_map2img(y=yi)
        if isinstance(yi, slice):
            if isinstance(yi.start, float) or isinstance(yi.stop, float):
                start = None if yi.stop is None else self.coord_map2img(y=yi.stop)
                stop = None if yi.start is None else self.coord_map2img(y=yi.start)
                yi = slice(start, stop)
        
        xi = index[1]
        if isinstance(xi, float):
            xi = self.coord_map2img(x=xi)
        if isinstance(xi, slice):
            if isinstance(xi.start, float) or isinstance(xi.stop, float):
                start = None if xi.start is None else self.coord_map2img(x=xi.start)
                stop = None if xi.stop is None else self.coord_map2img(x=xi.stop)
                xi = slice(start, stop)
        
        # create index lists from subset slices
        subset = dict()
        subset['rows'] = list(range(0, self.rows))[yi]
        subset['cols'] = list(range(0, self.cols))[xi]
        for key in ['rows', 'cols']:
            if not isinstance(subset[key], list):
                subset[key] = [subset[key]]
        if len(index) > 2:
            bi = index[2]
            if isinstance(bi, str):
                bi = self.bandnames.index(bi)
            elif isinstance(bi, datetime):
                bi = self.timestamps.index(bi)
            elif isinstance(bi, int):
                pass
            elif isinstance(bi, slice):
                if isinstance(bi.start, int):
                    start = bi.start
                elif isinstance(bi.start, str):
                    start = self.bandnames.index(bi.start)
                elif isinstance(bi.start, datetime):
                    larger = [x for x in self.timestamps if x > bi.start]
                    tdiff = [x - bi.start for x in larger]
                    closest = larger[tdiff.index(min(tdiff))]
                    start = self.timestamps.index(closest)
                elif bi.start is None:
                    start = None
                else:
                    raise TypeError('band indices must be either int or str')
                if isinstance(bi.stop, int):
                    stop = bi.stop
                elif isinstance(bi.stop, str):
                    stop = self.bandnames.index(bi.stop)
                elif isinstance(bi.stop, datetime):
                    smaller = [x for x in self.timestamps if x < bi.stop]
                    tdiff = [bi.start - x for x in smaller]
                    closest = smaller[tdiff.index(min(tdiff))]
                    stop = self.timestamps.index(closest)
                elif bi.stop is None:
                    stop = None
                else:
                    raise TypeError('band indices must be either int or str')
                bi = slice(start, stop)
            else:
                raise TypeError('band indices must be either int or str')
            index[2] = bi
            subset['bands'] = list(range(0, self.bands))[index[2]]
            if not isinstance(subset['bands'], list):
                subset['bands'] = [subset['bands']]
        else:
            subset['bands'] = [0]
        
        if len(subset['rows']) == 0 or len(subset['cols']) == 0 or len(subset['bands']) == 0:
            raise RuntimeError('no suitable subset for defined slice:\n  {}'.format(index))
        
        # update geo dimensions from subset list indices
        geo = self.geo
        geo['xmin'] = self.coord_img2map(x=min(subset['cols']))
        geo['ymax'] = self.coord_img2map(y=min(subset['rows']))
        
        geo['xmax'] = self.coord_img2map(x=max(subset['cols']) + 1)
        geo['ymin'] = self.coord_img2map(y=max(subset['rows']) + 1)
        
        # options for creating a GDAL VRT data set
        opts = dict()
        opts['xRes'], opts['yRes'] = self.res
        opts['outputSRS'] = self.projection
        opts['srcNodata'] = self.nodata
        opts['VRTNodata'] = self.nodata
        opts['bandList'] = [x + 1 for x in subset['bands']]
        opts['outputBounds'] = (geo['xmin'], geo['ymin'], geo['xmax'], geo['ymax'])
        
        # create an in-memory VRT file and return the output raster dataset as new Raster object
        # outname = os.path.join('/vsimem/', os.path.basename(tempfile.mktemp()))
        outname = tempfile.NamedTemporaryFile(suffix='.vrt').name
        out_ds = gdalbuildvrt(src=self.filename, dst=outname, options=opts, void=False)
        
        timestamps = self.timestamps
        if len(index) > 2:
            bandnames = self.bandnames[index[2]]
            if timestamps is not None:
                timestamps = timestamps[index[2]]
        else:
            bandnames = self.bandnames
        if not isinstance(bandnames, list):
            bandnames = [bandnames]
        if timestamps is not None and not isinstance(timestamps, list):
            timestamps = [timestamps]
        
        out = Raster(out_ds)
        out.bandnames = bandnames
        out.timestamps = timestamps
        return out

    
    def __extent2slice(self, extent):
        extent_bbox = bbox(extent, self.proj4)
        inter = intersect(self.bbox(), extent_bbox)
        extent_bbox.close()
        if inter:
            ext_inter = inter.extent
            ext_ras = self.geo
            xres, yres = self.res
            tolerance_x = xres * subset_tolerance / 100
            tolerance_y = yres * subset_tolerance / 100
            colmin = int(floor((ext_inter['xmin'] - ext_ras['xmin'] + tolerance_x) / xres))
            colmax = int(ceil((ext_inter['xmax'] - ext_ras['xmin'] - tolerance_x) / xres))
            rowmin = int(floor((ext_ras['ymax'] - ext_inter['ymax'] + tolerance_y) / yres))
            rowmax = int(ceil((ext_ras['ymax'] - ext_inter['ymin'] - tolerance_y) / yres))
            inter.close()
            if self.bands == 1:
                return slice(rowmin, rowmax), slice(colmin, colmax)
            else:
                return slice(rowmin, rowmax), slice(colmin, colmax), slice(0, self.bands)
        else:
            raise RuntimeError('extent does not overlap with raster object')
    
    def __maskbyvector(self, vec, outname=None, format='GTiff', nodata=0):
        
        if outname is not None:
            driver_name = format
        else:
            driver_name = 'MEM'
        
        with rasterize(vec, self) as vecmask:
            mask = vecmask.matrix()
        
        driver = gdal.GetDriverByName(driver_name)
        outDataset = driver.Create(outname if outname is not None else '',
                                   self.cols, self.rows, self.bands, Dtype(self.dtype).gdalint)
        driver = None
        outDataset.SetMetadata(self.raster.GetMetadata())
        outDataset.SetGeoTransform([self.geo[x] for x in ['xmin', 'xres', 'rotation_x', 'ymax', 'rotation_y', 'yres']])
        if self.projection is not None:
            outDataset.SetProjection(self.projection)
        for i in range(1, self.bands + 1):
            outband = outDataset.GetRasterBand(i)
            outband.SetNoDataValue(nodata)
            mat = self.matrix(band=i)
            mat = mat * mask
            outband.WriteArray(mat)
            del mat
            outband.FlushCache()
            outband = None
        if outname is not None:
            if format == 'GTiff':
                outDataset.SetMetadataItem('TIFFTAG_DATETIME', strftime('%Y:%m:%d %H:%M:%S', gmtime()))
            elif format == 'ENVI':
                with HDRobject(outname + '.hdr') as hdr:
                    hdr.band_names = self.bandnames
                    hdr.write()
            outDataset = None
        else:
            out = Raster(outDataset)
            out.bandnames = self.bandnames
            return out
    
    def __prependVSIdirective(self, filename):
        """
        prepend one of /vsizip/ or /vsitar/ to the file name if a zip of tar archive.
        
        Parameters
        ----------
        filename: str or list
            the file name, e.g. archive.tar.gz/filename

        Returns
        -------

        """
        if isinstance(filename, str):
            if re.search(r'\.zip', filename):
                filename = '/vsizip/' + filename
            if re.search(r'\.tar', filename):
                filename = '/vsitar/' + filename
        elif isinstance(filename, list):
            filename = [self.__prependVSIdirective(x) for x in filename]
        return filename
    
[docs]    def allstats(self, approximate=False):
        """
        Compute some basic raster statistics

        Parameters
        ----------
        approximate: bool
            approximate statistics from overviews or a subset of all tiles?

        Returns
        -------
        list of dicts
            a list with a dictionary of statistics for each band. Keys: `min`, `max`, `mean`, `sdev`.
            See :osgeo:meth:`gdal.Band.ComputeStatistics`.
        """
        statcollect = []
        for x in self.layers():
            try:
                stats = x.ComputeStatistics(approximate)
            except RuntimeError:
                stats = None
            stats = dict(zip(['min', 'max', 'mean', 'sdev'], stats))
            statcollect.append(stats)
        return statcollect

    
[docs]    def array(self):
        """
        read all raster bands into a numpy ndarray

        Returns
        -------
        numpy.ndarray
            the array containing all raster data
        """
        # determine whether the current data type can hold np.nan
        if not np.can_cast('float32', Dtype(self.dtype).numpystr):
            buf_type = gdal.GDT_Float32
        else:
            buf_type = Dtype(self.dtype).gdalint
        
        if self.bands == 1:
            return self.matrix()
        else:
            arr = self.raster.ReadAsArray(buf_type=buf_type).transpose(1, 2, 0)
            if isinstance(self.nodata, list):
                for i in range(0, self.bands):
                    arr[:, :, i][arr[:, :, i] == self.nodata[i]] = np.nan
            else:
                arr[arr == self.nodata] = np.nan
            return np.squeeze(arr)

    
[docs]    def assign(self, array, band):
        """
        assign an array to an existing Raster object

        Parameters
        ----------
        array: numpy.ndarray
            the array to be assigned to the Raster object
        band: int
            the index of the band to assign to

        Returns
        -------

        """
        self.__data[band] = array

    
    @property
    def bands(self):
        """

        Returns
        -------
        int
            the number of image bands
        """
        return self.raster.RasterCount
    
    @property
    def bandnames(self):
        """

        Returns
        -------
        list
            the names of the bands
        """
        return self.__bandnames
    
    @bandnames.setter
    def bandnames(self, names):
        """
        set the names of the raster bands

        Parameters
        ----------
        names: list of str
            the names to be set; must be of same length as the number of bands

        Returns
        -------

        """
        if not isinstance(names, list):
            raise TypeError('the names to be set must be of type list')
        if len(names) != self.bands:
            raise ValueError(
                'length mismatch of names to be set ({}) and number of bands ({})'.format(len(names), self.bands))
        self.__bandnames = names
    
[docs]    def bbox(self, outname=None, driver='ESRI Shapefile', overwrite=True, source='image'):
        """
        Parameters
        ----------
        outname: str or None
            the name of the file to write; If `None`, the bounding box is returned
            as :class:`~spatialist.vector.Vector` object
        driver: str
            The file format to write
        overwrite: bool
            overwrite an already existing file?
        source: {'image', 'gcp'}
            get the bounding box of either the image or the ground control points

        Returns
        -------
        Vector or None
            the bounding box vector object
        """
        if source == 'image':
            extent = self.extent
            crs = self.projection
        elif source == 'gcp':
            gcps = self.raster.GetGCPs()
            gcpx = [x.GCPX for x in gcps]
            gcpy = [x.GCPY for x in gcps]
            extent = dict()
            extent['xmin'] = min(gcpx)
            extent['xmax'] = max(gcpx)
            extent['ymin'] = min(gcpy)
            extent['ymax'] = max(gcpy)
            crs = self.raster.GetGCPProjection()
        else:
            raise RuntimeError("parameter 'source' must be either 'image' or 'gcp'")
        
        if outname is None:
            return bbox(coordinates=extent, crs=crs)
        else:
            bbox(coordinates=extent, crs=crs, outname=outname,
                 driver=driver, overwrite=overwrite)

    
[docs]    def close(self):
        """
        closes the GDAL raster file connection
        Returns
        -------

        """
        self.raster = None

    
    @property
    def cols(self):
        """

        Returns
        -------
        int
            the number of image columns
        """
        return self.raster.RasterXSize
    
[docs]    def coord_map2img(self, x=None, y=None):
        """
        convert map coordinates in the raster CRS to image pixel coordinates.
        Either x, y or both must be defined.
        
        Parameters
        ----------
        x: int or float
            the x coordinate
        y: int or float
            the y coordinate

        Returns
        -------
        int or tuple
            the converted coordinate for either x, y or both
        """
        if x is None and y is None:
            raise TypeError("both 'x' and 'y' cannot be None")
        out = []
        if x is not None:
            out.append(int((x - self.geo['xmin']) / self.geo['xres']))
        if y is not None:
            out.append(int((self.geo['ymax'] - y) / abs(self.geo['yres'])))
        return tuple(out) if len(out) > 1 else out[0]

    
[docs]    def coord_img2map(self, x=None, y=None):
        """
        convert image pixel coordinates to map coordinates in the raster CRS.
        Either x, y or both must be defined.
        
        Parameters
        ----------
        x: int or float
            the x coordinate
        y: int or float
            the y coordinate

        Returns
        -------
        float or tuple
            the converted coordinate for either x, y or both
        """
        if x is None and y is None:
            raise TypeError("both 'x' and 'y' cannot be None")
        out = []
        if x is not None:
            out.append(self.geo['xmin'] + self.geo['xres'] * x)
        if y is not None:
            out.append(self.geo['ymax'] - abs(self.geo['yres']) * y)
        return tuple(out) if len(out) > 1 else out[0]

    
    @property
    def dim(self):
        """

        Returns
        -------
        tuple
            (rows, columns, bands)
        """
        return (self.rows, self.cols, self.bands)
    
    @property
    def driver(self):
        """

        Returns
        -------
        :osgeo:class:`gdal.Driver`
            a GDAL raster driver object.
        """
        return self.raster.GetDriver()
    
    @property
    def dtype(self):
        """

        Returns
        -------
        str
            the data type description; e.g. `Float32`
        """
        return gdal.GetDataTypeName(self.raster.GetRasterBand(1).DataType)
    
    @property
    def epsg(self):
        """

        Returns
        -------
        int
            the CRS EPSG code
        """
        return crsConvert(self.projection, 'epsg')
    
    @property
    def extent(self):
        """

        Returns
        -------
        dict
            the extent of the image
        """
        return {key: self.geo[key] for key in ['xmin', 'xmax', 'ymin', 'ymax']}
    
[docs]    def extract(self, px, py, radius=1, nodata=None):
        """
        extract weighted average of pixels intersecting with a defined radius to a point.

        Parameters
        ----------
        px: int or float
            the x coordinate in units of the Raster SRS
        py: int or float
            the y coordinate in units of the Raster SRS
        radius: int or float
            the radius around the point to extract pixel values from; defined as multiples of the pixel resolution
        nodata: int
            a value to ignore from the computations; If `None`, the nodata value of the Raster object is used

        Returns
        -------
        int or float
            the the weighted average of all pixels within the defined radius

        """
        if not self.geo['xmin'] <= px <= self.geo['xmax']:
            raise RuntimeError('px is out of bounds')
        
        if not self.geo['ymin'] <= py <= self.geo['ymax']:
            raise RuntimeError('py is out of bounds')
        
        if nodata is None:
            nodata = self.nodata
        
        xres, yres = self.res
        
        hx = xres / 2.0
        hy = yres / 2.0
        
        xlim = float(xres * radius)
        ylim = float(yres * radius)
        
        # compute minimum x and y pixel coordinates
        xmin = int(floor((px - self.geo['xmin'] - xlim) / xres))
        ymin = int(floor((self.geo['ymax'] - py - ylim) / yres))
        
        xmin = xmin if xmin >= 0 else 0
        ymin = ymin if ymin >= 0 else 0
        
        # compute maximum x and y pixel coordinates
        xmax = int(ceil((px - self.geo['xmin'] + xlim) / xres))
        ymax = int(ceil((self.geo['ymax'] - py + ylim) / yres))
        
        xmax = xmax if xmax <= self.cols else self.cols
        ymax = ymax if ymax <= self.rows else self.rows
        
        # load array subset
        if self.__data[0] is not None:
            array = self.__data[0][ymin:ymax, xmin:xmax]
            # print('using loaded array of size {}, '
            #       'indices [{}:{}, {}:{}] (row/y, col/x)'.format(array.shape, ymin, ymax, xmin, xmax))
        else:
            array = self.raster.GetRasterBand(1).ReadAsArray(xmin, ymin, xmax - xmin, ymax - ymin)
            # print('loading array of size {}, '
            #       'indices [{}:{}, {}:{}] (row/y, col/x)'.format(array.shape, ymin, ymax, xmin, xmax))
        
        sum = 0
        counter = 0
        weightsum = 0
        for x in range(xmin, xmax):
            for y in range(ymin, ymax):
                # check whether point is a valid image index
                val = array[y - ymin, x - xmin]
                if val != nodata:
                    # compute distances of pixel center coordinate to requested point
                    
                    xc = x * xres + hx + self.geo['xmin']
                    yc = self.geo['ymax'] - y * yres + hy
                    
                    dx = abs(xc - px)
                    dy = abs(yc - py)
                    
                    # check whether point lies within ellipse: if ((dx ** 2) / xlim ** 2) + ((dy ** 2) / ylim ** 2) <= 1
                    weight = sqrt(dx ** 2 + dy ** 2)
                    sum += val * weight
                    weightsum += weight
                    counter += 1
        
        array = None
        
        if counter > 0:
            return sum / weightsum
        else:
            return nodata

    
    @property
    def files(self):
        """

        Returns
        -------
        list of str
            a list of all absolute names of files associated with this raster data set
        """
        fl = self.raster.GetFileList()
        if fl is not None:
            return [os.path.abspath(x) for x in fl]
    
    @property
    def format(self):
        """

        Returns
        -------
        str
            the name of the image format
        """
        return self.driver.ShortName
    
    @property
    def geo(self):
        """
        General image geo information.

        Returns
        -------
        dict
            a dictionary with keys `xmin`, `xmax`, `xres`, `rotation_x`, `ymin`, `ymax`, `yres`, `rotation_y`
        """
        out = dict(zip(['xmin', 'xres', 'rotation_x', 'ymax', 'rotation_y', 'yres'],
                       self.raster.GetGeoTransform()))
        
        # note: yres is negative!
        out['xmax'] = out['xmin'] + out['xres'] * self.cols
        out['ymin'] = out['ymax'] + out['yres'] * self.rows
        return out
    
    @property
    def geogcs(self):
        """

        Returns
        -------
        str or None
            an identifier of the geographic coordinate system
        """
        return self.srs.GetAttrValue('geogcs')
    
[docs]    def is_valid(self):
        """
        Check image integrity.
        Tries to compute the checksum for each raster layer and returns False if this fails.
        See this forum entry:
        `How to check if image is valid? <https://lists.osgeo.org/pipermail/gdal-dev/2013-November/037520.html>`_.

        Returns
        -------
        bool
            is the file valid?
        """
        for i in range(self.raster.RasterCount):
            try:
                checksum = self.raster.GetRasterBand(i + 1).Checksum()
            except RuntimeError:
                return False
        return True

    
[docs]    def layers(self):
        """

        Returns
        -------
        list of :osgeo:class:`gdal.Band`
            a list containing a :osgeo:class:`gdal.Band` object for each image band
        """
        return [self.raster.GetRasterBand(band) for band in range(1, self.bands + 1)]

    
[docs]    def load(self):
        """
        load all raster data to internal memory arrays.
        This shortens the read time of other methods like :meth:`matrix`.
        """
        for i in range(1, self.bands + 1):
            self.__data[i - 1] = self.matrix(i)

    
[docs]    def matrix(self, band=1, mask_nan=True):
        """
        read a raster band (subset) into a numpy ndarray

        Parameters
        ----------
        band: int
            the band to read the matrix from; 1-based indexing
        mask_nan: bool
            convert nodata values to :obj:`numpy.nan`? As :obj:`numpy.nan` requires at least float values, any integer array is cast
            to float32.

        Returns
        -------
        numpy.ndarray
            the matrix (subset) of the selected band
        """
        # determine whether the current data type can hold np.nan
        buf_type = Dtype(self.dtype).gdalint
        if mask_nan and not np.can_cast('float32', Dtype(self.dtype).numpystr):
            buf_type = gdal.GDT_Float32
        
        mat = self.__data[band - 1]
        if mat is None:
            mat = self.raster.GetRasterBand(band).ReadAsArray(buf_type=buf_type)
            if mask_nan:
                if isinstance(self.nodata, list):
                    nodata = self.nodata[band - 1]
                else:
                    nodata = self.nodata
                mat[mat == nodata] = np.nan
        return mat

    
    @property
    def nodata(self):
        """

        Returns
        -------
        float or list
            the raster nodata value(s)
        """
        nodatas = [self.raster.GetRasterBand(i).GetNoDataValue()
                   for i in range(1, self.bands + 1)]
        if len(list(set(nodatas))) == 1:
            return nodatas[0]
        else:
            return nodatas
    
    @property
    def projcs(self):
        """
        Returns
        -------
        str or None
            an identifier of the projected coordinate system; If the CRS is not projected `None` is returned
        """
        return self.srs.GetAttrValue('projcs') if self.srs.IsProjected() else None
    
    @property
    def projection(self):
        """

        Returns
        -------
        str
            the CRS Well Known Text (WKT) description
        """
        return self.raster.GetProjection()
    
    @property
    def proj4(self):
        """

        Returns
        -------
        str
            the CRS PROJ4 description
        """
        try:
            return crsConvert(self.projection, 'proj4')
        except TypeError:
            return None
    
    @property
    def proj4args(self):
        """

        Returns
        -------
        dict
            the PROJ4 string arguments as a dictionary
        """
        args = [x.split('=') for x in re.split('[+ ]+', self.proj4) if len(x) > 0]
        return dict([(x[0], None) if len(x) == 1 else tuple(x) for x in args])
    
    @property
    def res(self):
        """
        the raster resolution in x and y direction

        Returns
        -------
        tuple
            (xres, yres)
        """
        return (abs(float(self.geo['xres'])), abs(float(self.geo['yres'])))
    
[docs]    def rescale(self, fun):
        """
        perform raster computations with custom functions and assign them to the existing raster object in memory

        Parameters
        ----------
        fun: function
            the custom function to compute on the data

        Examples
        --------
        >>> with Raster('filename') as ras:
        >>>     ras.rescale(lambda x: 10 * x)

        """
        if self.bands != 1:
            raise ValueError('only single band images are currently supported')
        
        # load array
        mat = self.matrix()
        
        # scale values
        scaled = fun(mat)
        
        # assign newly computed array to raster object
        self.assign(scaled, band=0)

    
    @property
    def rows(self):
        """

        Returns
        -------
        int
            the number of image rows
        """
        return self.raster.RasterYSize
    
    @property
    def srs(self):
        """

        Returns
        -------
        :osgeo:class:`osr.SpatialReference`
            the spatial reference system of the data set.
        """
        return osr.SpatialReference(wkt=self.projection)
    
[docs]    def write(self, outname, dtype='default', format='ENVI', nodata='default', compress_tif=False, overwrite=False,
              cmap=None, update=False, xoff=0, yoff=0, array=None):
        """
        write the raster object to a file.

        Parameters
        ----------
        outname: str
            the file to be written
        dtype: str
            the data type of the written file;
            data type notations of GDAL (e.g. `Float32`) and numpy (e.g. `int8`) are supported.
        format: str
            the file format; e.g. 'GTiff'
        nodata: int or float
            the nodata value to write to the file
        compress_tif: bool
            if the format is GeoTiff, compress the written file?
        overwrite: bool
            overwrite an already existing file? Only applies if `update` is `False`.
        cmap: :osgeo:class:`gdal.ColorTable`
            a color map to apply to each band.
            Can for example be created with function :func:`~spatialist.auxil.cmap_mpl2gdal`.
        update: bool
            open the output file fpr update or only for writing?
        xoff: int
            the x/column offset
        yoff: int
            the y/row offset
        array: numpy.ndarray
            write different data than that associated with the Raster object

        Returns
        -------

        """
        update_existing = update and os.path.isfile(outname)
        dtype = Dtype(self.dtype if dtype == 'default' else dtype).gdalint
        if not update_existing:
            if os.path.isfile(outname) and not overwrite:
                raise RuntimeError('target file already exists')
            
            if format == 'GTiff' and not re.search(r'\.tif[f]*$', outname):
                outname += '.tif'
            
            nodata = self.nodata if nodata == 'default' else nodata
            
            options = []
            if format == 'GTiff' and compress_tif:
                options += ['COMPRESS=DEFLATE', 'PREDICTOR=2']
            
            driver = gdal.GetDriverByName(format)
            outDataset = driver.Create(outname, self.cols, self.rows, self.bands, dtype, options)
            driver = None
            outDataset.SetMetadata(self.raster.GetMetadata())
            outDataset.SetGeoTransform(
                [self.geo[x] for x in ['xmin', 'xres', 'rotation_x', 'ymax', 'rotation_y', 'yres']])
            if self.projection is not None:
                outDataset.SetProjection(self.projection)
        else:
            outDataset = gdal.Open(outname, GA_Update)
        for i in range(1, self.bands + 1):
            outband = outDataset.GetRasterBand(i)
            
            if not update_existing:
                if cmap is not None:
                    outband.SetRasterColorTable(cmap)
                if nodata is not None:
                    outband.SetNoDataValue(nodata)
            if array is None:
                mat = self.matrix(band=i)
            else:
                if len(array.shape) == 3:
                    mat = array[:, :, i - 1]
                else:
                    mat = array
            dtype_mat = str(mat.dtype)
            dtype_ras = Dtype(dtype).numpystr
            if not np.can_cast(dtype_mat, dtype_ras):
                warnings.warn("writing band {}: unsafe casting from type {} to {}".format(i, dtype_mat, dtype_ras))
                if nodata is not None:
                    print('converting nan to nodata value {}'.format(nodata))
                    mat[np.isnan(mat)] = nodata
                    mat = mat.astype(dtype_ras)
            outband.WriteArray(mat, xoff, yoff)
            del mat
            outband.FlushCache()
            outband = None
        if format == 'GTiff':
            outDataset.SetMetadataItem('TIFFTAG_DATETIME', strftime('%Y:%m:%d %H:%M:%S', gmtime()))
        outDataset = None
        if format == 'ENVI':
            hdrfile = os.path.splitext(outname)[0] + '.hdr'
            with HDRobject(hdrfile) as hdr:
                hdr.band_names = self.bandnames
                hdr.write()


    
    # def reduce(self, outname=None, format='ENVI'):
    #     """
    #     remove all lines and columns containing only no data values
    #
    #     Args:
    #         outname:
    #         format:
    #
    #     Returns:
    #
    #     """
    #     if self.bands != 1:
    #         raise ValueError('only single band images supported')
    #
    #     stats = self.allstats[0]
    #
    #     if stats[0] == stats[1]:
    #         raise ValueError('file does not contain valid pixels')
    #
    #     # load raster layer into an array
    #     mat = self.matrix()
    #
    #     mask1 = ~np.all(mat == self.nodata, axis=0)
    #     mask2 = ~np.all(mat == self.nodata, axis=1)
    #     mask1_l = mask1.tolist()
    #     mask2_l = mask2.tolist()
    #
    #     left = mask1_l.index(True)
    #     cols = len(mask1_l) - mask1_l[::-1].index(True) - left
    #     top = mask2_l.index(True)
    #     rows = len(mask2_l) - mask2_l[::-1].index(True) - top
    #
    #     mat = mat[mask2, :]
    #     mat = mat[:, mask1]
    #
    #     if outname is None:
    #         self.assign(mat, dim=[left, top, cols, rows], index=0)
    #     else:
    #         self.write(outname, dim=[left, top, cols, rows], format=format)


[docs]def png(src, dst, percent=10, scale=(2, 98), worldfile=False, nodata=None):
    """
    convert a raster image to png. The input raster must either have one or three bands to create
    a grey scale or RGB image respectively.
    
    Parameters
    ----------
    src: Raster
        the input raster image to be converted
    dst: str
        the output png file name
    percent: int
        the size of the png relative to `src`
    scale: tuple or None
        the percentile bounds  as (min, max) for scaling the values of the input image
        or `None` to not apply any scaling.
    worldfile: bool
        create a world file (extension .wld)?
    nodata: int or None
        The no data value to write to the file. All pixels with this value will be transparent.
    
    Notes
    -----
    Currently it is not possible to control what happens with values outside of the percentile
    range defined by `scale`. Therefore, if e.g. `nodata` is set to 0, all values below the
    lower percentile will be marked as 0 and will thus be transparent in the image. On the other
    hand if `nodata` is 255, all values higher than the upper percentile will be transparent.
    This is addressed in GDAL issue `#1825 <https://github.com/OSGeo/gdal/issues/1825>`_.

    Returns
    -------
    
    Examples
    --------
    >>> from spatialist.raster import Raster, png
    >>> src = 'src.tif'
    >>> dst = 'dst.png'
    >>> with Raster(src) as ras:
    >>>     png(src=ras, dst=dst, percent=10, scale=(2, 98), worldfile=True)
    """
    if not isinstance(src, Raster):
        raise TypeError("'src' must be of type Raster")
    if src.bands not in [1, 3]:
        raise ValueError("'src' needs to have either 1 or 3 bands")
    if not dst.endswith('.png'):
        dst += '.png'
    options = dict()
    options['format'] = 'PNG'
    options['outputType'] = gdal.GDT_Byte
    options['widthPct'] = percent
    options['heightPct'] = percent
    options['noData'] = nodata
    if scale is not None:
        scaleParams = []
        for band in range(src.bands):
            mat = src.matrix(band + 1)
            lower, upper = np.nanpercentile(mat, scale)
            scaleParams.append([lower, upper, 0, 255])
        options['scaleParams'] = scaleParams
    if worldfile:
        options['options'] = ['-co', 'WORLDFILE=YES']
    gdal_translate(src.raster, dst, options)



[docs]def rasterize(vectorobject, reference, outname=None, burn_values=1, expressions=None, nodata=0, append=False):
    """
    rasterize a vector object

    Parameters
    ----------
    vectorobject: Vector
        the vector object to be rasterized
    reference: Raster
        a reference Raster object to retrieve geo information and extent from
    outname: str or None
        the name of the GeoTiff output file; if None, an in-memory object of type :class:`Raster` is returned and
        parameter outname is ignored
    burn_values: int or list
        the values to be written to the raster file
    expressions: list
        SQL expressions to filter the vector object by attributes
    nodata: int
        the nodata value of the target raster file
    append: bool
        if the output file already exists, update this file with new rasterized values?
        If True and the output file exists, parameters `reference` and `nodata` are ignored.

    Returns
    -------
    Raster or None
        if outname is `None`, a raster object pointing to an in-memory dataset else `None`
    Example
    -------
    >>> from spatialist import Vector, Raster, rasterize
    >>> outname1 = 'target1.tif'
    >>> outname2 = 'target2.tif'
    >>> with Vector('source.shp') as vec:
    >>>     with Raster('reference.tif') as ref:
    >>>         burn_values = [1, 2]
    >>>         expressions = ['ATTRIBUTE=1', 'ATTRIBUTE=2']
    >>>         rasterize(vec, reference, outname1, burn_values, expressions)
    >>>         expressions = ["ATTRIBUTE2='a'", "ATTRIBUTE2='b'"]
    >>>         rasterize(vec, reference, outname2, burn_values, expressions)
    """
    if expressions is None:
        expressions = ['']
    if isinstance(burn_values, (int, float)):
        burn_values = [burn_values]
    if len(expressions) != len(burn_values):
        raise RuntimeError('expressions and burn_values of different length')
    
    failed = []
    for exp in expressions:
        try:
            vectorobject.layer.SetAttributeFilter(exp)
        except RuntimeError:
            failed.append(exp)
    if len(failed) > 0:
        raise RuntimeError('failed to set the following attribute filter(s): ["{}"]'.format('", '.join(failed)))
    
    if append and outname is not None and os.path.isfile(outname):
        target_ds = gdal.Open(outname, GA_Update)
    else:
        if not isinstance(reference, Raster):
            raise RuntimeError("parameter 'reference' must be of type Raster")
        if outname is not None:
            target_ds = gdal.GetDriverByName('GTiff').Create(outname, reference.cols, reference.rows, 1, gdal.GDT_Byte)
        else:
            target_ds = gdal.GetDriverByName('MEM').Create('', reference.cols, reference.rows, 1, gdal.GDT_Byte)
        target_ds.SetGeoTransform(reference.raster.GetGeoTransform())
        target_ds.SetProjection(reference.raster.GetProjection())
        band = target_ds.GetRasterBand(1)
        band.SetNoDataValue(nodata)
        band.FlushCache()
        band = None
    for expression, value in zip(expressions, burn_values):
        vectorobject.layer.SetAttributeFilter(expression)
        gdal.RasterizeLayer(target_ds, [1], vectorobject.layer, burn_values=[value])
    vectorobject.layer.SetAttributeFilter('')
    if outname is None:
        return Raster(target_ds)
    else:
        target_ds = None



def reproject(rasterobject, reference, outname, targetres=None, resampling='bilinear', format='GTiff'):
    """
    reproject a raster file

    Parameters
    ----------
    rasterobject: Raster or str
        the raster image to be reprojected
    reference: Raster, Vector, str, int or osr.SpatialReference
        either a projection string or a spatial object with an attribute 'projection'
    outname: str
        the name of the output file
    targetres: tuple
        the output resolution in the target SRS; a two-entry tuple is required: (xres, yres)
    resampling: str
        the resampling algorithm to be used
    format: str
        the output file format

    Returns
    -------

    """
    if isinstance(rasterobject, str):
        rasterobject = Raster(rasterobject)
    if not isinstance(rasterobject, Raster):
        raise RuntimeError('rasterobject must be of type Raster or str')
    if isinstance(reference, (Raster, Vector)):
        projection = reference.projection
        if targetres is not None:
            xres, yres = targetres
        elif hasattr(reference, 'res'):
            xres, yres = reference.res
        else:
            raise RuntimeError('parameter targetres is missing and cannot be read from the reference')
    elif isinstance(reference, (int, str, osr.SpatialReference)):
        try:
            projection = crsConvert(reference, 'proj4')
        except TypeError:
            raise RuntimeError('reference projection cannot be read')
        if targetres is None:
            raise RuntimeError('parameter targetres is missing and cannot be read from the reference')
        else:
            xres, yres = targetres
    else:
        raise TypeError('reference must be of type Raster, Vector, osr.SpatialReference, str or int')
    options = {'format': format,
               'resampleAlg': resampling,
               'xRes': xres,
               'yRes': yres,
               'srcNodata': rasterobject.nodata,
               'dstNodata': rasterobject.nodata,
               'dstSRS': projection}
    gdalwarp(rasterobject.raster, outname, options)


# todo improve speed until aborting when all target files already exist
[docs]def stack(srcfiles, dstfile, resampling, targetres, dstnodata, srcnodata=None, shapefile=None, layernames=None,
          sortfun=None, separate=False, overwrite=False, compress=True, cores=4, pbar=False):
    """
    function for mosaicking, resampling and stacking of multiple raster files

    Parameters
    ----------
    srcfiles: list
        a list of file names or a list of lists; each sub-list is treated as a task to mosaic its containing files
    dstfile: str
        the destination file or a directory (if `separate` is True)
    resampling: {near, bilinear, cubic, cubicspline, lanczos, average, mode, max, min, med, Q1, Q3}
        the resampling method; see `documentation of gdalwarp <https://www.gdal.org/gdalwarp.html>`_.
    targetres: tuple or list
        two entries for x and y spatial resolution in units of the source CRS
    srcnodata: int, float or None
        the nodata value of the source files; if left at the default (None), the nodata values are read from the files
    dstnodata: int or float
        the nodata value of the destination file(s)
    shapefile: str, Vector or None
        a shapefile for defining the spatial extent of the destination files
    layernames: list
        the names of the output layers; if `None`, the basenames of the input files are used; overrides sortfun
    sortfun: function
        a function for sorting the input files; not used if layernames is not None.
        This is first used for sorting the items in each sub-list of srcfiles;
        the basename of the first item in a sub-list will then be used as the name for the mosaic of this group.
        After mosaicing, the function is again used for sorting the names in the final output
        (only relevant if `separate` is False)
    separate: bool
        should the files be written to a single raster stack (ENVI format) or separate files (GTiff format)?
    overwrite: bool
        overwrite the file if it already exists?
    compress: bool
        compress the geotiff files?
    cores: int
        the number of CPU threads to use
    pbar: bool
        add a progressbar? This is currently only used if `separate==False`

    Returns
    -------
    
    Raises
    ------
    RuntimeError

    Notes
    -----
    This function does not reproject any raster files. Thus, the CRS must be the same for all input raster files.
    This is checked prior to executing gdalwarp. In case a shapefile is defined, it is internally reprojected to the
    raster CRS prior to retrieving its extent.

    Examples
    --------

    .. code-block:: python

        from pyroSAR.ancillary import groupbyTime, find_datasets, seconds
        from spatialist.raster import stack

        # find pyroSAR files by metadata attributes
        archive_s1 = '/.../sentinel1/GRD/processed'
        scenes_s1 = find_datasets(archive_s1, sensor=('S1A', 'S1B'), acquisition_mode='IW')

        # group images by acquisition time
        groups = groupbyTime(images=scenes_s1, function=seconds, time=30)

        # mosaic individual groups and stack the mosaics to a single ENVI file
        # only files overlapping with the shapefile are selected and resampled to its extent
        stack(srcfiles=groups, dstfile='stack', resampling='bilinear', targetres=(20, 20),
              srcnodata=-99, dstnodata=-99, shapefile='site.shp', separate=False)
    """
    srcfiles = srcfiles.copy()
    # perform some checks on the input data
    
    if len(dissolve(srcfiles)) == 0:
        raise RuntimeError('no input files provided to function raster.stack')
    
    if layernames is not None:
        if len(layernames) != len(srcfiles):
            raise RuntimeError('mismatch between number of source file groups and layernames')
    
    if not isinstance(targetres, (list, tuple)) or len(targetres) != 2:
        raise RuntimeError('targetres must be a list or tuple with two entries for x and y resolution')
    
    if len(srcfiles) == 1 and not isinstance(srcfiles[0], list):
        raise RuntimeError('only one file specified; nothing to be done')
    
    if resampling not in ['near', 'bilinear', 'cubic', 'cubicspline', 'lanczos',
                          'average', 'mode', 'max', 'min', 'med', 'Q1', 'Q3']:
        raise RuntimeError('resampling method not supported')
    
    if os.path.isfile(dstfile) and not separate and not overwrite:
        raise RuntimeError('the output file already exists')
    
    if not separate and os.path.isdir(dstfile):
        raise RuntimeError("'dstfile' is an existing directory, cannot write stack with same name")
    ##########################################################################################
    # check if the projection can be read from all images and whether all share the same projection
    projections = list()
    for x in dissolve(srcfiles):
        try:
            projection = Raster(x).projection
        except RuntimeError as e:
            print('cannot read file: {}'.format(x))
            raise e
        projections.append(projection)
    
    projections = list(set(projections))
    if len(projections) > 1:
        raise RuntimeError('raster projection mismatch')
    elif projections[0] == '':
        raise RuntimeError('could not retrieve the projection from any of the {} input images'.format(len(srcfiles)))
    else:
        srs = projections[0]
    ##########################################################################################
    # read shapefile bounding coordinates and reduce list of images to those overlapping with the shapefile
    
    if shapefile is not None:
        shp = shapefile.clone() if isinstance(shapefile, Vector) else Vector(shapefile)
        shp.reproject(srs)
        ext = shp.extent
        arg_ext = (ext['xmin'], ext['ymin'], ext['xmax'], ext['ymax'])
        for i, item in enumerate(srcfiles):
            group = item if isinstance(item, list) else [item]
            if layernames is None and sortfun is not None:
                group = sorted(group, key=sortfun)
            group = [x for x in group if intersect(shp, Raster(x).bbox())]
            if len(group) > 1:
                srcfiles[i] = group
            elif len(group) == 1:
                srcfiles[i] = group[0]
            else:
                srcfiles[i] = None
        shp.close()
        srcfiles = list(filter(None, srcfiles))
        log.debug('number of scenes after spatial filtering: {}'.format(len(srcfiles)))
    else:
        arg_ext = None
    ##########################################################################################
    # set general options and parametrization
    
    dst_base = os.path.splitext(dstfile)[0]
    
    options_warp = {'options': ['-q'],
                    'format': 'GTiff' if separate else 'ENVI',
                    'outputBounds': arg_ext, 'multithread': True,
                    'dstNodata': dstnodata,
                    'xRes': targetres[0], 'yRes': targetres[1],
                    'resampleAlg': resampling}
    
    if overwrite:
        options_warp['options'] += ['-overwrite']
    
    if separate and compress:
        options_warp['options'] += ['-co', 'COMPRESS=DEFLATE', '-co', 'PREDICTOR=2']
    
    options_buildvrt = {'outputBounds': arg_ext}
    
    if srcnodata is not None:
        options_warp['srcNodata'] = srcnodata
        options_buildvrt['srcNodata'] = srcnodata
    ##########################################################################################
    # create VRT files for mosaicing
    # the resulting list srcfiles will contain either a single image or a newly created VRT file
    # and thus each list item is one time step in the final stack
    
    for i, group in enumerate(srcfiles):
        if isinstance(group, list):
            if len(group) > 1:
                base = group[0]
                # in-memory VRT files cannot be shared between multiple processes on Windows
                # this has to do with different process forking behaviour
                # see function spatialist.ancillary.multicore and this link:
                # https://stackoverflow.com/questions/38236211/why-multiprocessing-process-behave-differently-on-windows-and-linux-for-global-o
                vrt_base = os.path.splitext(os.path.basename(base))[0] + '.vrt'
                if platform.system() == 'Windows':
                    vrt = os.path.join(tempfile.gettempdir(), vrt_base)
                else:
                    vrt = '/vsimem/' + vrt_base
                gdalbuildvrt(group, vrt, options_buildvrt)
                srcfiles[i] = vrt
            else:
                srcfiles[i] = group[0]
        else:
            srcfiles[i] = group
    ##########################################################################################
    # define the output band names
    
    # if no specific layernames are defined, sort files by custom function
    if layernames is None and sortfun is not None:
        srcfiles = sorted(srcfiles, key=sortfun)
    
    # use the file basenames without extension as band names if none are defined
    bandnames = [os.path.splitext(os.path.basename(x))[0] for x in srcfiles] if layernames is None else layernames
    
    if len(list(set(bandnames))) != len(bandnames):
        raise RuntimeError('output bandnames are not unique')
    ##########################################################################################
    # create the actual image files
    
    if separate:
        if not os.path.isdir(dstfile):
            os.makedirs(dstfile)
        dstfiles = [os.path.join(dstfile, x) + '.tif' for x in bandnames]
        jobs = [x for x in zip(srcfiles, dstfiles)]
        if not overwrite:
            jobs = [x for x in jobs if not os.path.isfile(x[1])]
            if len(jobs) == 0:
                print('all target tiff files already exist, nothing to be done')
                return
        srcfiles, dstfiles = map(list, zip(*jobs))
        log.debug('creating {} separate file(s):\n  {}'.format(len(dstfiles), '\n  '.join(dstfiles)))
        multicore(gdalwarp, cores=cores, options=options_warp,
                  multiargs={'src': srcfiles, 'dst': dstfiles})
    else:
        if len(srcfiles) == 1:
            options_warp['format'] = 'GTiff'
            if not dstfile.endswith('.tif'):
                dstfile = os.path.splitext(dstfile)[0] + '.tif'
            log.debug('creating file: {}'.format(dstfile))
            gdalwarp(srcfiles[0], dstfile, options_warp)
        else:
            # create VRT for stacking
            vrt = '/vsimem/' + os.path.basename(dst_base) + '.vrt'
            options_buildvrt['options'] = ['-separate']
            gdalbuildvrt(srcfiles, vrt, options_buildvrt)
            
            # increase the number of threads for gdalwarp computations
            options_warp['options'].extend(['-wo', 'NUM_THREADS={}'.format(cores)])
            
            log.debug('creating file: {}'.format(dstfile))
            gdalwarp(vrt, dstfile, options_warp, pbar=pbar)
            
            # edit ENVI HDR files to contain specific layer names
            hdrfile = os.path.splitext(dstfile)[0] + '.hdr'
            with envi.HDRobject(hdrfile) as hdr:
                hdr.band_names = bandnames
                hdr.write()

    ##########################################################################################


class Dtype(object):
    def __init__(self, dtype):
        if isinstance(dtype, int):
            if dtype in self.numpy2gdalint.values():
                self.gdalint = dtype
                self.numpystr = self.gdalint2numpystr[self.gdalint]
                self.gdalstr = self.gdalint2gdalstr[self.gdalint]
        elif isinstance(dtype, str):
            if dtype in self.gdalstr2gdalint.keys():
                self.gdalstr = dtype
                self.gdalint = self.gdalstr2gdalint[self.gdalstr]
                self.numpystr = self.gdalint2numpystr[self.gdalint]
            elif dtype in self.numpy2gdalint.keys():
                self.numpystr = dtype
                self.gdalint = self.numpy2gdalint[self.numpystr]
                self.gdalstr = self.gdalint2gdalstr[self.gdalint]
        else:
            raise TypeError('data type identifier must be of type int or str')
        
        required = ['gdalint', 'gdalstr', 'numpystr']
        if sum([x in dir(self) for x in required]) != len(required):
            raise ValueError('unknown data type identifer')
    
    @property
    def numpy2gdalint(self):
        """
        create a dictionary for mapping numpy data types to GDAL data type codes

        Returns
        -------
        dict
            the type map
        """
        if not hasattr(self, '__numpy2gdalint'):
            tmap = {}
            
            for group in ['int', 'uint', 'float', 'complex']:
                for dtype in np.sctypes[group]:
                    code = gdal_array.NumericTypeCodeToGDALTypeCode(dtype)
                    if code is not None:
                        tmap[dtype().dtype.name] = code
            self.__numpy2gdalint = tmap
        return self.__numpy2gdalint
    
    @property
    def gdalstr2gdalint(self):
        map = []
        for key in self.gdalint2numpystr.keys():
            map.append((gdal.GetDataTypeName(key), key))
        return dict(map)
    
    @property
    def gdalint2numpystr(self):
        code = 1
        map = []
        while True:
            out = gdal_array.GDALTypeCodeToNumericTypeCode(code)
            if out is None:
                break
            else:
                map.append((code, out().dtype.name))
                code += 1
        return dict(map)
    
    @property
    def gdalint2gdalstr(self):
        map = []
        for key in self.gdalint2numpystr.keys():
            map.append((key, gdal.GetDataTypeName(key)))
        return dict(map)


[docs]def apply_along_time(src, dst, func1d, nodata, format, cmap=None, maxlines=None, cores=8, *args, **kwargs):
    """
    Apply a time series computation to a 3D raster stack using multiple CPUs.
    The stack is read in chunks of maxlines x columns x time steps, for which the result is computed and stored in a 2D output array.
    After finishing the computation for all chunks, the output array is written to the specified file.

    Notes
    -----
    It is intended to directly write the computation result of each chunk to the output file respectively so that no
    unnecessary memory is used for storing the complete result.
    This however first requires some restructuring of the method :meth:`spatialist.Raster.write`.

    Parameters
    ----------
    src: Raster
        the source raster data
    dst: str
        the output file in GeoTiff format
    func1d: function
        the function to be applied over a single time series 1D array
    nodata: int
        the nodata value to write to the output file
    format: str
        the output file format, e.g. 'GTiff'
    cmap: gdal.ColorTable
        a color table to write to the resulting file; see :func:`spatialist.auxil.cmap_mpl2gdal` for creation options.
    maxlines: int
        the maximum number of lines to read at once. Controls the amount of memory used.
    cores: int
        the number of parallel cores
    args: any
        Additional arguments to `func1d`.
    kwargs:any
        Additional named arguments to `func1d`.

    See Also
    --------
    :func:`spatialist.ancillary.parallel_apply_along_axis`
    
    Returns
    -------

    """
    rows, cols, bands = src.dim
    
    if maxlines is None or maxlines > rows:
        maxlines = rows
    start = 0
    stop = start + maxlines
    
    while start < rows:
        print('processing lines {0}:{1}'.format(start, stop))
        with src[start:stop, :, :] as sub:
            arr = sub.array()
        out = parallel_apply_along_axis(func1d=func1d, axis=2,
                                        arr=arr, cores=cores,
                                        *args, **kwargs)
        
        with src[:, :, 0] as ref:
            ref.write(outname=dst, nodata=nodata, dtype='float32',
                      format=format, cmap=cmap, yoff=start,
                      array=out, update=True)
        
        start += maxlines
        stop += maxlines
        if stop > rows:
            stop = rows





          

      

      

    

  

    
      
          
            
  Source code for spatialist.sqlite_util

import os
import re
import platform
import zipfile as zf

from ctypes.util import find_library


def check_loading():
    try:
        conn = sqlite3.connect(':memory:')
        conn.enable_load_extension(True)
    except (sqlite3.OperationalError, AttributeError):
        raise RuntimeError


errormessage = 'sqlite3 does not support loading extensions and {}; ' \
               'please refer to the spatialist installation instructions'
try:
    import sqlite3
    
    check_loading()
except RuntimeError:
    try:
        from pysqlite2 import dbapi2 as sqlite3
        
        check_loading()
    except ImportError:
        raise RuntimeError(errormessage.format('pysqlite2 does not exist as alternative'))
    except RuntimeError:
        raise RuntimeError(errormessage.format('neither does pysqlite2'))


[docs]def sqlite_setup(driver=':memory:', extensions=None, verbose=False):
    """
    Setup a sqlite3 connection and load extensions to it.
    This function intends to simplify the process of loading extensions to `sqlite3`, which can be quite difficult
    depending on the version used.
    Particularly loading `spatialite` has caused quite some trouble. In recent distributions of Ubuntu this has
    become much easier due to a new apt package `libsqlite3-mod-spatialite`. For use in Windows, `spatialist` comes
    with its own `spatialite` DLL distribution.
    See `here <https://www.gaia-gis.it/fossil/libspatialite/wiki?name=mod_spatialite>`_ for more details on loading
    `spatialite` as an `sqlite3` extension.

    Parameters
    ----------
    driver: str
        the database file or (by default) an in-memory database
    extensions: list
        a list of extensions to load
    verbose: bool
        print loading information?

    Returns
    -------
    sqlite3.Connection
        the database connection

    Example
    -------
    >>> from spatialist.sqlite_util import sqlite_setup
    >>> conn = sqlite_setup(extensions=['spatialite'])
    """
    conn = __Handler(driver, extensions, verbose=verbose)
    return conn.conn



def spatialite_setup():
    if platform.system() == 'Windows':
        directory = os.path.join(os.path.expanduser('~'), '.spatialist')
        subdir = os.path.join(directory, 'mod_spatialite')
        if not os.path.isdir(subdir):
            os.makedirs(subdir)
        mod_spatialite = os.path.join(subdir, 'mod_spatialite.dll')
        if not os.path.isfile(mod_spatialite):
            source_dir = os.path.join(os.path.dirname(os.path.realpath(__file__)),
                                      'pkgs', 'mod_spatialite')
            # print('machine: {}'.format(platform.machine()))
            suffix = 'amd64' if platform.machine().endswith('64') else 'x86'
            source = os.path.join(source_dir, 'mod_spatialite-4.3.0a-win-{}.zip'.format(suffix))
            # print('extracting {} to {}'.format(os.path.basename(source), subdir))
            archive = zf.ZipFile(source, 'r')
            archive.extractall(subdir)
            archive.close()
        os.environ['PATH'] = '{}{}{}'.format(os.environ['PATH'], os.path.pathsep, subdir)


class __Handler(object):
    def __init__(self, driver=':memory:', extensions=None, verbose=False):
        self.conn = sqlite3.connect(driver)
        self.conn.enable_load_extension(True)
        self.extensions = []
        self.verbose = verbose
        if isinstance(extensions, list):
            for ext in extensions:
                self.load_extension(ext)
        elif extensions is not None:
            raise RuntimeError('extensions must either be a list or None')
        if verbose:
            print('using sqlite version {}'.format(self.version['sqlite']))
        if 'spatialite' in self.version.keys() and verbose:
            print('using spatialite version {}'.format(self.version['spatialite']))
    
    @property
    def version(self):
        out = {'sqlite': sqlite3.sqlite_version}
        cursor = self.conn.cursor()
        try:
            cursor.execute('SELECT spatialite_version()')
            spatialite_version = self.__encode(cursor.fetchall()[0][0])
            out['spatialite'] = spatialite_version
        except sqlite3.OperationalError:
            pass
        return out
    
    def get_tablenames(self):
        cursor = self.conn.cursor()
        cursor.execute('SELECT * FROM sqlite_master WHERE type="table"')
        names = [self.__encode(x[1]) for x in cursor.fetchall()]
        return names
    
    def load_extension(self, extension):
        if re.search('spatialite', extension):
            spatialite_setup()
            select = None
            # first try to load the dedicated mod_spatialite adapter
            for option in ['mod_spatialite', 'mod_spatialite.so', 'mod_spatialite.dll']:
                try:
                    self.conn.load_extension(option)
                    select = option
                    self.extensions.append(option)
                    if self.verbose:
                        print('loading extension {0} as {1}'.format(extension, option))
                    break
                except sqlite3.OperationalError as e:
                    if self.verbose:
                        print('{0}: {1}'.format(option, str(e)))
                    continue
            
            # if loading mod_spatialite fails try to load libspatialite directly
            if select is None:
                try:
                    self.__load_regular('spatialite')
                except RuntimeError as e:
                    raise type(e)(str(e) +
                                  '\nit can be installed via apt:'
                                  '\nsudo apt-get install libsqlite3-mod-spatialite')
            
            # initialize spatial support
            if 'spatial_ref_sys' not in self.get_tablenames():
                cursor = self.conn.cursor()
                if select is None:
                    # libspatialite extension
                    cursor.execute('SELECT InitSpatialMetaData();')
                else:
                    # mod_spatialite extension
                    cursor.execute('SELECT InitSpatialMetaData(1);')
                self.conn.commit()
        
        else:
            self.__load_regular(extension)
    
    def __load_regular(self, extension):
        options = []
        
        # create an extension library option starting with 'lib' without extension suffices;
        # e.g. 'libgdal' but not 'gdal.so'
        ext_base = self.__split_ext(extension)
        if not ext_base.startswith('lib'):
            ext_base = 'lib' + ext_base
        options.append(ext_base)
        
        # get the full extension library name; e.g. 'libgdal.so.20'
        ext_mod = find_library(extension.replace('lib', ''))
        if ext_mod is None:
            raise RuntimeError('no library found for extension {}'.format(extension))
        options.append(ext_mod)
        
        # loop through extension library name options and try to load them
        success = False
        for option in options:
            try:
                self.conn.load_extension(option)
                self.extensions.append(option)
                if self.verbose:
                    print('loading extension {0} as {1}'.format(extension, option))
                success = True
                break
            except sqlite3.OperationalError:
                continue
        
        if not success:
            raise RuntimeError('failed to load extension {}'.format(extension))
    
    @staticmethod
    def __split_ext(extension):
        base = extension
        while re.search(r'\.', base):
            base = os.path.splitext(base)[0]
        return base
    
    @staticmethod
    def __encode(string, encoding='utf-8'):
        if not isinstance(string, str):
            return string.encode(encoding)
        else:
            return string




          

      

      

    

  

    
      
          
            
  Source code for spatialist.vector

# -*- coding: utf-8 -*-
################################################################
# OGR wrapper for convenient vector data handling and processing
# John Truckenbrodt 2015-2019
################################################################


import os
import yaml
from osgeo import ogr, osr

from .auxil import crsConvert
from .ancillary import parse_literal
from .sqlite_util import sqlite_setup

ogr.UseExceptions()
osr.UseExceptions()


[docs]class Vector(object):
    """
    This is intended as a vector meta information handler with options for reading and writing vector data in a
    convenient manner by simplifying the numerous options provided by the OGR python binding.

    Parameters
    ----------
    filename: str or None
        the vector file to read; if filename is `None`, a new in-memory Vector object is created.
        In this case `driver` is overridden and set to 'Memory'. The following file extensions are auto-detected:
        
        .. list_drivers:: vector
        
    driver: str
        the vector file format; needs to be defined if the format cannot be auto-detected from the filename extension
    """
    
    def __init__(self, filename=None, driver=None):
        
        if filename is None:
            driver = 'Memory'
        elif isinstance(filename, str):
            if not os.path.isfile(filename):
                raise OSError('file does not exist')
            if driver is None:
                driver = self.__driver_autodetect(filename)
        else:
            raise TypeError('filename must either be str or None')
        
        self.filename = filename
        
        self.driver = ogr.GetDriverByName(driver)
        
        self.vector = self.driver.CreateDataSource('out') if driver == 'Memory' else self.driver.Open(filename)
        
        nlayers = self.vector.GetLayerCount()
        if nlayers > 1:
            raise RuntimeError('multiple layers are currently not supported')
        elif nlayers == 1:
            self.init_layer()
    
[docs]    def __getitem__(self, expression):
        """
        subset the vector object by index or attribute.

        Parameters
        ----------
        expression: int or str
            the key or expression to be used for subsetting.
            See :osgeo:meth:`ogr.Layer.SetAttributeFilter` for details on the expression syntax.

        Returns
        -------
        Vector
            a vector object matching the specified criteria
        
        Examples
        --------
        Assuming we have a shapefile called `testsites.shp`, which has an attribute `sitename`,
        we can subset individual sites and write them to new files like so:
        
        >>> from spatialist import Vector
        >>> filename = 'testsites.shp'
        >>> with Vector(filename)["sitename='site1'"] as site1:
        >>>     site1.write('site1.shp')
        """
        if not isinstance(expression, (int, str)):
            raise RuntimeError('expression must be of type int or str')
        expression = parse_literal(expression) if isinstance(expression, str) else expression
        if isinstance(expression, int):
            feat = self.getFeatureByIndex(expression)
        else:
            self.layer.SetAttributeFilter(expression)
            feat = self.getfeatures()
            feat = feat if len(feat) > 0 else None
            self.layer.SetAttributeFilter('')
        if feat is None:
            return None
        else:
            return feature2vector(feat, ref=self)

    
    def __enter__(self):
        return self
    
    def __exit__(self, exc_type, exc_val, exc_tb):
        self.close()
    
    def __str__(self):
        vals = dict()
        vals['proj4'] = self.proj4
        vals.update(self.extent)
        vals['filename'] = self.filename if self.filename is not None else 'memory'
        vals['geomtype'] = ', '.join(list(set(self.geomTypes)))
        
        info = 'class         : spatialist Vector object\n' \
               'geometry type : {geomtype}\n' \
               'extent        : {xmin:.3f}, {xmax:.3f}, {ymin:.3f}, {ymax:.3f} (xmin, xmax, ymin, ymax)\n' \
               'coord. ref.   : {proj4}\n' \
               'data source   : {filename}'.format(**vals)
        return info
    
    @staticmethod
    def __driver_autodetect(filename):
        path = os.path.dirname(os.path.realpath(__file__))
        drivers = yaml.safe_load(open(os.path.join(path, 'drivers_vector.yml')))
        extension = os.path.splitext(filename)[1][1:]
        if extension not in drivers.keys():
            message = "the file extension '{}' is not supported. " \
                      "Please provide the OGR format descriptor via " \
                      "parameter 'driver' or use one of the supported extensions:\n- .{}"
            message = message.format(extension, '\n- .'.join(drivers.keys()))
            raise RuntimeError(message)
        else:
            return drivers[extension]
    
[docs]    def addfeature(self, geometry, fields=None):
        """
        add a feature to the vector object from a geometry

        Parameters
        ----------
        geometry: :osgeo:class:`ogr.Geometry`
            the geometry to add as a feature
        fields: dict or None
            the field names and values to assign to the new feature

        Returns
        -------

        """
        
        feature = ogr.Feature(self.layerdef)
        feature.SetGeometry(geometry)
        
        if fields is not None:
            for fieldname, value in fields.items():
                if fieldname not in self.fieldnames:
                    raise IOError('field "{}" is missing'.format(fieldname))
                try:
                    feature.SetField(fieldname, value)
                except NotImplementedError as e:
                    fieldindex = self.fieldnames.index(fieldname)
                    fieldtype = feature.GetFieldDefnRef(fieldindex).GetTypeName()
                    message = str(e) + '\ntrying to set field {} (type {}) to value {} (type {})'
                    message = message.format(fieldname, fieldtype, value, type(value))
                    raise (NotImplementedError(message))
        
        self.layer.CreateFeature(feature)
        feature = None
        self.init_features()

    
[docs]    def addfield(self, name, type, width=10):
        """
        add a field to the vector layer

        Parameters
        ----------
        name: str
            the field name
        type: int
            the OGR Field Type (OFT), e.g. ogr.OFTString.
            See `Module ogr <https://gdal.org/python/osgeo.ogr-module.html>`_.
        width: int
            the width of the new field (only for ogr.OFTString fields)

        Returns
        -------

        """
        fieldDefn = ogr.FieldDefn(name, type)
        if type == ogr.OFTString:
            fieldDefn.SetWidth(width)
        self.layer.CreateField(fieldDefn)

    
[docs]    def addlayer(self, name, srs, geomType):
        """
        add a layer to the vector layer

        Parameters
        ----------
        name: str
            the layer name
        srs: int, str or :osgeo:class:`osr.SpatialReference`
            the spatial reference system. See :func:`spatialist.auxil.crsConvert` for options.
        geomType: int
            an OGR well-known binary data type.
            See `Module ogr <https://gdal.org/python/osgeo.ogr-module.html>`_.

        Returns
        -------

        """
        self.vector.CreateLayer(name, srs, geomType)
        self.init_layer()

    
[docs]    def addvector(self, vec):
        """
        add a vector object to the layer of the current Vector object

        Parameters
        ----------
        vec: Vector
            the vector object to add
        merge: bool
            merge overlapping polygons?

        Returns
        -------

        """
        vec.layer.ResetReading()
        for feature in vec.layer:
            self.layer.CreateFeature(feature)
        self.init_features()
        vec.layer.ResetReading()

    
[docs]    def bbox(self, outname=None, driver=None, overwrite=True):
        """
        create a bounding box from the extent of the Vector object

        Parameters
        ----------
        outname: str or None
            the name of the vector file to be written; if None, a Vector object is returned
        driver: str
            the name of the file format to write
        overwrite: bool
            overwrite an already existing file?

        Returns
        -------
        Vector or None
            if outname is None, the bounding box Vector object
        """
        if outname is None:
            return bbox(self.extent, self.srs)
        else:
            bbox(self.extent, self.srs, outname=outname, driver=driver, overwrite=overwrite)

    
    def clone(self):
        return feature2vector(self.getfeatures(), ref=self)
    
[docs]    def close(self):
        """
        closes the OGR vector file connection

        Returns
        -------

        """
        self.vector = None
        for feature in self.__features:
            if feature is not None:
                feature = None

    
[docs]    def convert2wkt(self, set3D=True):
        """
        export the geometry of each feature as a wkt string

        Parameters
        ----------
        set3D: bool
            keep the third (height) dimension?

        Returns
        -------

        """
        features = self.getfeatures()
        for feature in features:
            try:
                feature.geometry().Set3D(set3D)
            except AttributeError:
                dim = 3 if set3D else 2
                feature.geometry().SetCoordinateDimension(dim)
        
        return [feature.geometry().ExportToWkt() for feature in features]

    
    @property
    def extent(self):
        """
        the extent of the vector object

        Returns
        -------
        dict
            a dictionary with keys `xmin`, `xmax`, `ymin`, `ymax`
        """
        return dict(zip(['xmin', 'xmax', 'ymin', 'ymax'], self.layer.GetExtent()))
    
    @property
    def fieldDefs(self):
        """

        Returns
        -------
        list of :osgeo:class:`ogr.FieldDefn`
            the field definition for each field of the Vector object
        """
        return [self.layerdef.GetFieldDefn(x) for x in range(0, self.nfields)]
    
    @property
    def fieldnames(self):
        """

        Returns
        -------
        list of str
            the names of the fields
        """
        return sorted([field.GetName() for field in self.fieldDefs])
    
    @property
    def geomType(self):
        """

        Returns
        -------
        int
            the layer geometry type
        """
        return self.layerdef.GetGeomType()
    
    @property
    def geomTypes(self):
        """

        Returns
        -------
        list
            the geometry type of each feature
        """
        return [feat.GetGeometryRef().GetGeometryName() for feat in self.getfeatures()]
    
[docs]    def getArea(self):
        """

        Returns
        -------
        float
            the area of the vector geometries
        """
        return sum([x.GetGeometryRef().GetArea() for x in self.getfeatures()])

    
[docs]    def getFeatureByAttribute(self, fieldname, attribute):
        """
        get features by field attribute

        Parameters
        ----------
        fieldname: str
            the name of the queried field
        attribute: int or str
            the field value of interest

        Returns
        -------
        list of :osgeo:class:`ogr.Feature` or :osgeo:class:`ogr.Feature`
            the feature(s) matching the search query
        """
        attr = attribute.strip() if isinstance(attribute, str) else attribute
        if fieldname not in self.fieldnames:
            raise KeyError('invalid field name')
        out = []
        self.layer.ResetReading()
        for feature in self.layer:
            field = feature.GetField(fieldname)
            field = field.strip() if isinstance(field, str) else field
            if field == attr:
                out.append(feature.Clone())
        self.layer.ResetReading()
        if len(out) == 0:
            return None
        elif len(out) == 1:
            return out[0]
        else:
            return out

    
[docs]    def getFeatureByIndex(self, index):
        """
        get features by numerical (positional) index

        Parameters
        ----------
        index: int
            the queried index

        Returns
        -------
        :osgeo:class:`ogr.Feature`
            the requested feature
        """
        feature = self.layer[index]
        if feature is None:
            feature = self.getfeatures()[index]
        return feature

    
[docs]    def getfeatures(self):
        """

        Returns
        -------
        list of :osgeo:class:`ogr.Feature`
            a list of cloned features
        """
        self.layer.ResetReading()
        features = [x.Clone() for x in self.layer]
        self.layer.ResetReading()
        return features

    
[docs]    def getProjection(self, type):
        """
        get the CRS of the Vector object. See :func:`spatialist.auxil.crsConvert`.

        Parameters
        ----------
        type: str
            the type of projection required.

        Returns
        -------
        int, str or :osgeo:class:`osr.SpatialReference`
            the output CRS
        """
        return crsConvert(self.layer.GetSpatialRef(), type)

    
[docs]    def getUniqueAttributes(self, fieldname):
        """

        Parameters
        ----------
        fieldname: str
            the name of the field of interest

        Returns
        -------
        list of str or int
            the unique attributes of the field
        """
        self.layer.ResetReading()
        attributes = list(set([x.GetField(fieldname) for x in self.layer]))
        self.layer.ResetReading()
        return sorted(attributes)

    
[docs]    def init_features(self):
        """
        delete all in-memory features

        Returns
        -------

        """
        del self.__features
        self.__features = [None] * self.nfeatures

    
[docs]    def init_layer(self):
        """
        initialize a layer object

        Returns
        -------

        """
        self.layer = self.vector.GetLayer()
        self.__features = [None] * self.nfeatures

    
    @property
    def layerdef(self):
        """

        Returns
        -------
        :osgeo:class:`ogr.FeatureDefn`
            the layer's feature definition
        """
        return self.layer.GetLayerDefn()
    
    @property
    def layername(self):
        """

        Returns
        -------
        str
            the name of the layer
        """
        return self.layer.GetName()
    
[docs]    def load(self):
        """
        load all feature into memory

        Returns
        -------

        """
        self.layer.ResetReading()
        for i in range(self.nfeatures):
            if self.__features[i] is None:
                self.__features[i] = self.layer[i]

    
    @property
    def nfeatures(self):
        """

        Returns
        -------
        int
            the number of features
        """
        return len(self.layer)
    
    @property
    def nfields(self):
        """

        Returns
        -------
        int
            the number of fields
        """
        return self.layerdef.GetFieldCount()
    
    @property
    def nlayers(self):
        """

        Returns
        -------
        int
            the number of layers
        """
        return self.vector.GetLayerCount()
    
    @property
    def proj4(self):
        """

        Returns
        -------
        str
            the CRS in PRO4 format
        """
        return self.srs.ExportToProj4().strip()
    
[docs]    def reproject(self, projection):
        """
        in-memory reprojection

        Parameters
        ----------
        projection: int, str, :osgeo:class:`osr.SpatialReference`
            the target CRS. See :func:`spatialist.auxil.crsConvert`.

        Returns
        -------

        """
        srs_out = crsConvert(projection, 'osr')
        
        # the following check was found to not work in GDAL 3.0.1; likely a bug
        # if self.srs.IsSame(srs_out) == 0:
        if self.getProjection('epsg') != crsConvert(projection, 'epsg'):
            
            # create the CoordinateTransformation
            coordTrans = osr.CoordinateTransformation(self.srs, srs_out)
            
            layername = self.layername
            geomType = self.geomType
            features = self.getfeatures()
            feat_def = features[0].GetDefnRef()
            fields = [feat_def.GetFieldDefn(x) for x in range(0, feat_def.GetFieldCount())]
            
            self.__init__()
            self.addlayer(layername, srs_out, geomType)
            self.layer.CreateFields(fields)
            
            for feature in features:
                geom = feature.GetGeometryRef()
                geom.Transform(coordTrans)
                newfeature = feature.Clone()
                newfeature.SetGeometry(geom)
                self.layer.CreateFeature(newfeature)
                newfeature = None
            self.init_features()

    
[docs]    def setCRS(self, crs):
        """
        directly reset the spatial reference system of the vector object.
        This is not going to reproject the Vector object, see :meth:`reproject` instead.

        Parameters
        ----------
        crs: int, str, :osgeo:class:`osr.SpatialReference`
            the input CRS

        Returns
        -------

        Example
        -------
        >>> site = Vector('shape.shp')
        >>> site.setCRS('+proj=longlat +ellps=WGS84 +datum=WGS84 +no_defs ')

        """
        # try to convert the input crs to osr.SpatialReference
        srs_out = crsConvert(crs, 'osr')
        
        # save all relevant info from the existing vector object
        layername = self.layername
        geomType = self.geomType
        layer_definition = ogr.Feature(self.layer.GetLayerDefn())
        fields = [layer_definition.GetFieldDefnRef(x) for x in range(layer_definition.GetFieldCount())]
        features = self.getfeatures()
        
        # initialize a new vector object and create a layer
        self.__init__()
        self.addlayer(layername, srs_out, geomType)
        
        # add the fields to new layer
        self.layer.CreateFields(fields)
        
        # add the features to the newly created layer
        for feat in features:
            self.layer.CreateFeature(feat)
        self.init_features()

    
    @property
    def srs(self):
        """

        Returns
        -------
        :osgeo:class:`osr.SpatialReference`
            the geometry's spatial reference system
        """
        return self.layer.GetSpatialRef()
    
[docs]    def write(self, outfile, driver=None, overwrite=True):
        """
        write the Vector object to a file

        Parameters
        ----------
        outfile:
            the name of the file to write; the following extensions are automatically detected
            for determining the format driver:
            
            .. list_drivers:: vector
            
        driver: str
            the output file format; needs to be defined if the format cannot
            be auto-detected from the filename extension
        overwrite: bool
            overwrite an already existing file?

        Returns
        -------

        """
        
        if driver is None:
            driver = self.__driver_autodetect(outfile)
        
        driver = ogr.GetDriverByName(driver)
        
        if os.path.exists(outfile):
            if overwrite:
                driver.DeleteDataSource(outfile)
            else:
                raise RuntimeError('target file already exists')
        
        outdataset = driver.CreateDataSource(outfile)
        outlayer = outdataset.CreateLayer(name=self.layername,
                                          srs=self.srs,
                                          geom_type=self.geomType)
        outlayerdef = outlayer.GetLayerDefn()
        
        for fieldDef in self.fieldDefs:
            outlayer.CreateField(fieldDef)
        
        self.layer.ResetReading()
        for feature in self.layer:
            outFeature = ogr.Feature(outlayerdef)
            outFeature.SetGeometry(feature.GetGeometryRef())
            for name in self.fieldnames:
                outFeature.SetField(name, feature.GetField(name))
            # add the feature to the shapefile
            outlayer.CreateFeature(outFeature)
            outFeature = None
        self.layer.ResetReading()
        outdataset = None




[docs]def bbox(coordinates, crs, outname=None, driver=None, overwrite=True):
    """
    create a bounding box vector object or shapefile from coordinates and coordinate reference system.
    The CRS can be in either WKT, EPSG or PROJ4 format
    
    Parameters
    ----------
    coordinates: dict
        a dictionary containing numerical variables with keys `xmin`, `xmax`, `ymin` and `ymax`
    crs: int, str, :osgeo:class:`osr.SpatialReference`
        the CRS of the `coordinates`. See :func:`~spatialist.auxil.crsConvert` for options.
    outname: str
        the file to write to. If `None`, the bounding box is returned as :class:`~spatialist.vector.Vector` object
    driver: str
        the output file format; needs to be defined if the format cannot
            be auto-detected from the filename extension
    overwrite: bool
        overwrite an existing file?
    
    Returns
    -------
    Vector or None
        the bounding box Vector object
    """
    srs = crsConvert(crs, 'osr')
    ring = ogr.Geometry(ogr.wkbLinearRing)
    
    ring.AddPoint(coordinates['xmin'], coordinates['ymin'])
    ring.AddPoint(coordinates['xmin'], coordinates['ymax'])
    ring.AddPoint(coordinates['xmax'], coordinates['ymax'])
    ring.AddPoint(coordinates['xmax'], coordinates['ymin'])
    ring.CloseRings()
    
    geom = ogr.Geometry(ogr.wkbPolygon)
    geom.AddGeometry(ring)
    
    geom.FlattenTo2D()
    
    bbox = Vector(driver='Memory')
    bbox.addlayer('bbox', srs, geom.GetGeometryType())
    bbox.addfield('area', ogr.OFTReal)
    bbox.addfeature(geom, fields={'area': geom.Area()})
    geom = None
    if outname is None:
        return bbox
    else:
        bbox.write(outfile=outname, driver=driver, overwrite=overwrite)



def centerdist(obj1, obj2):
    if not isinstance(obj1, Vector) or isinstance(obj2, Vector):
        raise IOError('both objects must be of type Vector')
    
    feature1 = obj1.getFeatureByIndex(0)
    geometry1 = feature1.GetGeometryRef()
    center1 = geometry1.Centroid()
    
    feature2 = obj2.getFeatureByIndex(0)
    geometry2 = feature2.GetGeometryRef()
    center2 = geometry2.Centroid()
    
    return center1.Distance(center2)


def dissolve(infile, outfile, field, layername=None):
    """
    dissolve the polygons of a vector file by an attribute field
    Parameters
    ----------
    infile: str
        the input vector file
    outfile: str
        the output shapefile
    field: str
        the field name to merge the polygons by
    layername: str
        the name of the output vector layer;
        If set to None the layername will be the basename of infile without extension

    Returns
    -------

    """
    with Vector(infile) as vec:
        srs = vec.srs
        feat = vec.layer[0]
        d = feat.GetFieldDefnRef(field)
        width = d.width
        type = d.type
        feat = None
    
    layername = layername if layername is not None else os.path.splitext(os.path.basename(infile))[0]
    
    # the following can be used if GDAL was compiled with the spatialite extension
    # not tested, might need some additional/different lines
    # with Vector(infile) as vec:
    #     vec.vector.ExecuteSQL('SELECT ST_Union(geometry), {0} FROM {1} GROUP BY {0}'.format(field, vec.layername),
    #                          dialect='SQLITE')
    #     vec.write(outfile)
    
    conn = sqlite_setup(extensions=['spatialite', 'gdal'])
    conn.execute('CREATE VIRTUAL TABLE merge USING VirtualOGR("{}");'.format(infile))
    select = conn.execute('SELECT {0},asText(ST_Union(geometry)) as geometry FROM merge GROUP BY {0};'.format(field))
    fetch = select.fetchall()
    with Vector(driver='Memory') as merge:
        merge.addlayer(layername, srs, ogr.wkbPolygon)
        merge.addfield(field, type=type, width=width)
        for i in range(len(fetch)):
            merge.addfeature(ogr.CreateGeometryFromWkt(fetch[i][1]), {field: fetch[i][0]})
        merge.write(outfile)
    conn.close()


[docs]def feature2vector(feature, ref, layername=None):
    """
    create a Vector object from ogr features

    Parameters
    ----------
    feature: list of :osgeo:class:`ogr.Feature` or :osgeo:class:`ogr.Feature`
        a single feature or a list of features
    ref: Vector
        a reference Vector object to retrieve geo information from
    layername: str or None
        the name of the output layer; retrieved from `ref` if `None`

    Returns
    -------
    Vector
        the new Vector object
    """
    features = feature if isinstance(feature, list) else [feature]
    layername = layername if layername is not None else ref.layername
    vec = Vector(driver='Memory')
    vec.addlayer(layername, ref.srs, ref.geomType)
    feat_def = features[0].GetDefnRef()
    fields = [feat_def.GetFieldDefn(x) for x in range(0, feat_def.GetFieldCount())]
    vec.layer.CreateFields(fields)
    for feat in features:
        vec.layer.CreateFeature(feat)
    vec.init_features()
    return vec



[docs]def intersect(obj1, obj2):
    """
    intersect two Vector objects

    Parameters
    ----------
    obj1: Vector
        the first vector object; this object is reprojected to the CRS of obj2 if necessary
    obj2: Vector
        the second vector object

    Returns
    -------
    Vector or None
        the intersect of obj1 and obj2 if both intersect and None otherwise
    """
    if not isinstance(obj1, Vector) or not isinstance(obj2, Vector):
        raise RuntimeError('both objects must be of type Vector')
    
    obj1 = obj1.clone()
    obj2 = obj2.clone()
    
    obj1.reproject(obj2.srs)
    
    #######################################################
    # create basic overlap
    union1 = ogr.Geometry(ogr.wkbMultiPolygon)
    # union all the geometrical features of layer 1
    for feat in obj1.layer:
        union1.AddGeometry(feat.GetGeometryRef())
    obj1.layer.ResetReading()
    union1.Simplify(0)
    # same for layer2
    union2 = ogr.Geometry(ogr.wkbMultiPolygon)
    for feat in obj2.layer:
        union2.AddGeometry(feat.GetGeometryRef())
    obj2.layer.ResetReading()
    union2.Simplify(0)
    # intersection
    intersect_base = union1.Intersection(union2)
    union1 = None
    union2 = None
    #######################################################
    # compute detailed per-geometry overlaps
    if intersect_base.GetArea() > 0:
        intersection = Vector(driver='Memory')
        intersection.addlayer('intersect', obj1.srs, ogr.wkbPolygon)
        fieldmap = []
        for index, fielddef in enumerate([obj1.fieldDefs, obj2.fieldDefs]):
            for field in fielddef:
                name = field.GetName()
                i = 2
                while name in intersection.fieldnames:
                    name = '{}_{}'.format(field.GetName(), i)
                    i += 1
                fieldmap.append((index, field.GetName(), name))
                intersection.addfield(name, type=field.GetType(), width=field.GetWidth())
        
        for feature1 in obj1.layer:
            geom1 = feature1.GetGeometryRef()
            if geom1.Intersects(intersect_base):
                for feature2 in obj2.layer:
                    geom2 = feature2.GetGeometryRef()
                    # select only the intersections
                    if geom2.Intersects(intersect_base):
                        intersect = geom2.Intersection(geom1)
                        fields = {}
                        for item in fieldmap:
                            if item[0] == 0:
                                fields[item[2]] = feature1.GetField(item[1])
                            else:
                                fields[item[2]] = feature2.GetField(item[1])
                        intersection.addfeature(intersect, fields)
        intersect_base = None
        return intersection



[docs]def wkt2vector(wkt, srs, layername='wkt'):
    """
    convert a well-known text string geometry to a Vector object

    Parameters
    ----------
    wkt: str
        the well-known text description
    srs: int, str
        the spatial reference system; see :func:`spatialist.auxil.crsConvert` for options.
    layername: str
        the name of the internal :osgeo:class:`ogr.Layer` object

    Returns
    -------
    Vector
        the vector representation
    
    Examples
    --------
    >>> from spatialist.vector import wkt2vector
    >>> wkt = 'POLYGON ((0. 0., 0. 1., 1. 1., 1. 0., 0. 0.))'
    >>> with wkt2vector(wkt, srs=4326) as vec:
    >>>     print(vec.getArea())
    1.0
    """
    geom = ogr.CreateGeometryFromWkt(wkt)
    geom.FlattenTo2D()
    
    srs = crsConvert(srs, 'osr')
    
    vec = Vector(driver='Memory')
    vec.addlayer(layername, srs, geom.GetGeometryType())
    if geom.GetGeometryName() != 'POINT':
        vec.addfield('area', ogr.OFTReal)
        fields = {'area': geom.Area()}
    else:
        fields = None
    vec.addfeature(geom, fields=fields)
    geom = None
    return vec
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