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pygeos

PyGEOS is a C/Python library with vectorized geometry functions. The geometry operations are done in the open-
source geometry library GEOS. PyGEOS wraps these operations in NumPy ufuncs providing a performance improve-
ment when operating on arrays of geometries.

CONTENTS: 1
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CHAPTER
ONE

WHY UFUNCS?

A universal function (or ufunc for short) is a function that operates on n-dimensional arrays in an element-by-element
fashion, supporting array broadcasting. The for-loops that are involved are fully implemented in C diminishing the
overhead of the Python interpreter.
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CHAPTER
TWO

THE GEOMETRY OBJECT

The pygeos.Geometry object is a container of the actual GEOSGeometry object. A C pointer to this object is stored in
a static attribute of the Geometry object. This keeps the python interpreter out of the ufunc inner loop. The Geometry
object keeps track of the underlying GEOSGeometry and allows the python garbage collector to free memory when it
is not used anymore.

Geometry objects are immutable. Construct them as follows:

>>> from pygeos import Geometry

>>> geometry = Geometry ("POINT (5.2 52.1)")

Or using one of the provided (vectorized) functions:

>>> from pygeos import points

>>> point = points (5.2, 52.1)
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CHAPTER
THREE

API REFERENCE

3.1 pygeos.constructive

pygeos.constructive.boundary (geometry, **kwargs)
Returns the topological boundary of a geometry.

Parameters geometry : Geometry or array_like

This function will raise for non-empty geometrycollections.

Examples

>>> boundary (Geometry ("POINT (0 0)"))

<pygeos.Geometry GEOMETRYCOLLECTION EMPTY>

>>> boundary (Geometry ("LINESTRING(O 0, 1 1, 1 2)"))
<pygeos.Geometry MULTIPOINT (0O O, 1 2)>

>>> boundary (Geometry ("LINEARRING (0O O, 1 0, 1 1, 0 1, 0 0)™))
<pygeos.Geometry MULTIPOINT EMPTY>

>>> boundary (Geometry ("POLYGON((O O, 1 0, 1 1, 0 1, 0 0))"))
<pygeos.Geometry LINESTRING (O O, 1 0, 1 1, 0 1, 0 0)>

>>> boundary (Geometry ("MULTIPOINT (0O O, 1 2)")) is None

True

pygeos.constructive.buffer (geometry, radius, quadsegs=38, cap_style="round’, join_style="round’,
mitre_limit=>5.0, single_sided=False, **kwargs)
Computes the buffer of a geometry for positive and negative buffer radius.

The buffer of a geometry is defined as the Minkowski sum (or difference, for negative width) of the geometry
with a circle with radius equal to the absolute value of the buffer radius.

The buffer operation always returns a polygonal result. The negative or zero-distance buffer of lines and points
is always empty.

Parameters geometry : Geometry or array_like
width : float or array_like
Specifies the circle radius in the Minkowski sum (or difference).
quadsegs : int

Specifies the number of linear segments in a quarter circle in the approximation of
circular arcs.

cap_style : {‘round’, ‘square’, ‘flat’}
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Specifies the shape of buffered line endings. ‘round’ results in circular line endings (see
quadsegs). Both ‘square’ and ‘flat’ result in rectangular line endings, only ‘flat” will
end at the original vertex, while ‘square’ involves adding the buffer width.

join_style : {‘round’, ‘bevel’, ‘sharp’}

Specifies the shape of buffered line midpoints. ‘round’ results in rounded shapes.
‘bevel’ results in a beveled edge that touches the original vertex. ‘mitre’ results in a
single vertex that is beveled depending on the mitre_1limit parameter.

mitre_limit : float

Crops of ‘mitre’-style joins if the point is displaced from the buffered vertex by more
than this limit.

single_sided : bool

Only buffer at one side of the geometry.

Examples

>>> buffer (Geometry ("POINT (10 10)"), 2, quadsegs=1l)

<pygeos.Geometry POLYGON ((12 10, 10 8, 8 10, 10 12, 12 10))>

>>> buffer (Geometry ("POINT (10 10)"), 2, quadsegs=2)

<pygeos.Geometry POLYGON ((12 10, 11.4 8.59, 10 8, 8.59 8.59, 8 10, 8.59 11.4, 10
—12, 11.4 11.4, 12 10))>

>>> buffer (Geometry ("POINT (10 10)"), -2, quadsegs=1l)

<pygeos.Geometry POLYGON EMPTY>

>>> line Geometry ("LINESTRING (10 10, 20 10)"™)

>>> buffer(line, 2, cap_style="square")

<pygeos.Geometry POLYGON ( (20 12, 22 12, 22 8, 10 8, 8 8, 8 12, 20 12))>

>>> buffer(line, 2, cap_style="flat")

<pygeos.Geometry POLYGON ((20 12, 20 8, 10 8, 10 12, 20 12))>

>>> buffer(line, 2, single_sided=True, cap_style="flat")

<pygeos.Geometry POLYGON ((20 10, 10 10, 10 12, 20 12, 20 10))>

>>> line2 = Geometry ("LINESTRING (10 10, 20 10, 20 20)")

>>> buffer(line2, 2, cap_style="flat", join_style="bevel")

<pygeos.Geometry POLYGON ((18 12, 18 20, 22 20, 22 10, 20 8, 10 8, 10 12, 18 12))>
>>> buffer(line2, 2, cap_style="flat", join_style="mitre")

<pygeos.Geometry POLYGON ((18 12, 18 20, 22 20, 22 8, 10 8, 10 12, 18 12))>

>>> buffer(line2, 2, cap_style="flat", join_style="mitre", mitre_limit=1)
<pygeos.Geometry POLYGON ((18 12, 18 20, 22 20, 21.8 9, 21 8.17, 10 8, 10 12, 18,
>>> square = Geometry ("POLYGON((O O, 10 O, 10 10, O 10, 0 0))™)

>>> buffer (square, 2, join_style="mitre")

<pygeos.Geometry POLYGON ((-2 -2, -2 12, 12 12, 12 -2, -2 -2))>

>>> puffer (square, -2, Jjoin_style="mitre™)

<pygeos.Geometry POLYGON ((2 2, 2 8, 8 8, 8 2, 2 2))>

>>> buffer (square, -5, join_style="mitre")

<pygeos.Geometry POLYGON EMPTY>

>>> buffer(line, float ("nan")) is None

True

pygeos.constructive.centroid (geometry, **kwargs)
Computes the geometric center (center-of-mass) of a geometry.

For multipoints this is computed as the mean of the input coordinates. For multilinestrings the centroid is
weighted by the length of each line segment. For multipolygons the centroid is weighted by the area of each

polygon.
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Parameters geometry : Geometry or array_like

Examples

>>> centroid(Geometry ("POLYGON ((0O O, 10 O, 10 10, 0 10, 0 0))™))
<pygeos.Geometry POINT (5 5)>

>>> centroid(Geometry ("LINESTRING (0 0, 2 2, 10 10)"))
<pygeos.Geometry POINT (5 5)>

>>> centroid(Geometry ("MULTIPOINT (O 0, 10 10)"))
<pygeos.Geometry POINT (5 5)>

>>> centroid(Geometry ("POLYGON EMPTY"))

<pygeos.Geometry POINT EMPTY>

pygeos.constructive.convex hull (geometry, **kwargs)

Computes the minimum convex geometry that encloses an input geometry.

Parameters geometry : Geometry or array_like

Examples

>>> convex_hull (Geometry ("MULTIPOINT (O O, 10 0O, 10 10)"))
<pygeos.Geometry POLYGON ((O O, 10 10, 10 0, 0 0))>

>>> convex_hull (Geometry ("POLYGON EMPTY"))
<pygeos.Geometry GEOMETRYCOLLECTION EMPTY>

pygeos.constructive.delaunay_ triangles (geometry, tolerance=0.0, only_edges=False,

**kwargs)
Computes a Delaunay triangulation around the vertices of an input geometry.

The output is a geometrycollection containing polygons (default) or linestrings (see only_edges). Returns an
None if an input geometry contains less than 3 vertices.

Parameters geometry : Geometry or array_like
tolerance : float or array_like
Snap input vertices together if their distance is less than this value.
only_edges : bool or array_like

If set to True, the triangulation will return a collection of linestrings instead of polygons.

Examples

>>> points = Geometry ("MULTIPOINT (50 30, 60 30, 100 100)™)

>>> delaunay_triangles (points)

<pygeos.Geometry GEOMETRYCOLLECTION (POLYGON ( (50 30, 60 30, 100 100, 50 30)))>
>>> delaunay_triangles (points, only_edges=True)

<pygeos.Geometry MULTILINESTRING ( (50 30, 100 100), (50 30, 60 30), (60 30, 100,
—100)) >

>>> delaunay_triangles (Geometry ("MULTIPOINT (50 30, 51 30, 60 30, 100 100)™),.
—~tolerance=2)

<pygeos.Geometry GEOMETRYCOLLECTION (POLYGON ( (50 30, 60 30, 100 100, 50 30)))>
>>> delaunay_triangles (Geometry ("POLYGON ( (50 30, 60 30, 100 100, 50 30))"))
<pygeos.Geometry GEOMETRYCOLLECTION (POLYGON ( (50 30, 60 30, 100 100, 50 30)))>
>>> delaunay_triangles (Geometry ("LINESTRING (50 30, 60 30, 100 100)™))

(continues on next page)
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(continued from previous page)

<pygeos.Geometry GEOMETRYCOLLECTION (POLYGON ( (50 30, 60 30, 100 100, 50 30)))>
>>> delaunay_triangles (Geometry ("GEOMETRYCOLLECTION EMPTY"))
<pygeos.Geometry GEOMETRYCOLLECTION EMPTY>

pygeos.constructive.envelope (geometry, **kwargs)
Computes the minimum bounding box that encloses an input geometry.

Parameters geometry : Geometry or array_like

Examples

>>> envelope (Geometry ("LINESTRING (O 0, 10 10)"))
<pygeos.Geometry POLYGON ((O O, 10 O, 10 10, 0 10, 0 0))>
>>> envelope (Geometry ("MULTIPOINT (O O, 10 0, 10 10)"))
<pygeos.Geometry POLYGON ((O O, 10 O, 10 10, 0 10, O 0))>
>>> envelope (Geometry ("POINT (0 0)"))

<pygeos.Geometry POINT (0 0)>

>>> envelope (Geometry ("GEOMETRYCOLLECTION EMPTY"))
<pygeos.Geometry POINT EMPTY>

pygeos.constructive.extract_unique_points (geometry, **kwargs)
Returns all distinct vertices of an input geometry as a multipoint.

Note that only 2 dimensions of the vertices are considered when testing for equality.

Parameters geometry : Geometry or array_like

Examples

>>> extract_unique_points (Geometry ("POINT (0 0)"))

<pygeos.Geometry MULTIPOINT (0 0)>

>>> extract_unique_points (Geometry ("LINESTRING(O O, 1 1, 1 1)"))
<pygeos.Geometry MULTIPOINT (O O, 1 1)>

>>> extract_unique_points (Geometry ("POLYGON((O O, 1 0, 1 1, 0 0))™))
<pygeos.Geometry MULTIPOINT (O O, 1 0, 1 1)>

>>> extract_unique_points (Geometry ("MULTIPOINT (O O, 1 1, 0 0)"))
<pygeos.Geometry MULTIPOINT (O O, 1 1)>

>>> extract_unique_points (Geometry ("LINESTRING EMPTY"))
<pygeos.Geometry MULTIPOINT EMPTY>

pygeos.constructive.point_on_surface (geometry, **kwargs)
Returns a point that intersects an input geometry.

Parameters geometry : Geometry or array_like

10 Chapter 3. API Reference
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Examples

>>> point_on_surface (Geometry ("POLYGON ((O O, 10 0, 10 10, 0 10, 0 0))™"))
<pygeos.Geometry POINT (5 5)>

>>> point_on_surface (Geometry ("LINESTRING (0 0, 2 2, 10 10)"))
<pygeos.Geometry POINT (2 2)>

>>> point_on_surface (Geometry ("MULTIPOINT (0 0O, 10 10)"))
<pygeos.Geometry POINT (0 0)>

>>> point_on_surface (Geometry ("POLYGON EMPTY"))

<pygeos.Geometry POINT EMPTY>

pygeos.constructive.simplify (geometry, tolerance, preserve_topology=False, **kwargs)
Returns a simplified version of an input geometry using the Douglas-Peucker algorithm.

Parameters geometry : Geometry or array_like
tolerance : float or array_like

The maximum allowed geometry displacement. The higher this value, the smaller the
number of vertices in the resulting geometry.

preserve_topology : bool

If set to True, the operation will avoid creating invalid geometries.

Examples

>>> line = Geometry ("LINESTRING (0 O, 1 10, 0 20)")

>>> simplify(line, tolerance=0.9)

<pygeos.Geometry LINESTRING (0 0, 1 10, 0 20)>

>>> simplify(line, tolerance=1)

<pygeos.Geometry LINESTRING (0 0, 0 20)>

>>> polygon_with_hole = Geometry ("POLYGON((O O, O 10, 10 10, 10 O, 0 0), (2 2, 2
4, 4 4, 4.2, 2 2))")

>>> simplify(polygon_with_hole, tolerance=4, preserve_topology=True)
<pygeos.Geometry POLYGON ((O O, O 10, 10 10, 10 O, O 0), (2 2, 2 4, 4 4, 4 2, 2
—2))>

>>> simplify(polygon_with_hole, tolerance=4, preserve_topology=False)
<pygeos.Geometry POLYGON ((O O, O 10, 10 10, 10 0, 0 0))>

pygeos.constructive.snap (geometry, reference, tolerance, **kwargs)
Snaps an input geometry to reference geometry’s vertices.

The tolerance is used to control where snapping is performed. The result geometry is the input geometry with
the vertices snapped. If no snapping occurs then the input geometry is returned unchanged.

Parameters geometry : Geometry or array_like
reference : Geometry or array_like

tolerance : float or array_like

3.1. pygeos.constructive 11



pygeos

Examples

>>> point = Geometry ("POINT (0 2)")

>>> snap (Geometry ("POINT (0.5 2.5)"), point, tolerance=1)
<pygeos.Geometry POINT (0 2)>

>>> snap (Geometry ("POINT (0.5 2.5)"), point, tolerance=0.49)
<pygeos.Geometry POINT (0.5 2.5)>

>>> polygon = Geometry ("POLYGON ((O O, O 10, 10 10, 10 0, O 0))™)
>>> snap (polygon, Geometry ("POINT (8 10)"), tolerance=5)
<pygeos.Geometry POLYGON ((O O, O 10, 8 10, 10 0, 0 0))>

>>> snap (polygon, Geometry ("LINESTRING (8 10, 8 0)"), tolerance=5)
<pygeos.Geometry POLYGON ((O O, O 10, 8 10, 8 0, 0 0))>

pygeos.constructive.voronoi_polygons (geometry, tolerance=0.0, extend_to=None,
only_edges=False, **kwargs)
Computes a Voronoi diagram from the vertices of an input geometry.

The output is a geometrycollection containing polygons (default) or linestrings (see only_edges). Returns empty
if an input geometry contains less than 2 vertices or if the provided extent has zero area.

Parameters geometry : Geometry or array_like
tolerance : float or array_like
Snap input vertices together if their distance is less than this value.
extend_to : Geometry or array_like

If provided, the diagram will be extended to cover the envelope of this geometry (unless
this envelope is smaller than the input geometry).

only_edges : bool or array_like

If set to True, the triangulation will return a collection of linestrings instead of polygons.

Examples

>>> points = Geometry ("MULTIPOINT (2 2, 4 2)")

>>> voronoi_polygons (points)

<pygeos.Geometry GEOMETRYCOLLECTION (POLYGON ((3 O, O O, O 4, 3 4, 3 0)), POLYGON,
—~((3 4, 6 4, 6 0, 3 0, 3 4)))>

>>> voronoi_polygons (points, only_edges=True)

<pygeos.Geometry LINESTRING (3 4, 3 0)>

>>> voronoi_polygons (Geometry ("MULTIPOINT (2 2, 4 2, 4.2 2)"), 0.5, only_
—edges=True)

<pygeos.Geometry LINESTRING (3 4.2, 3 -0.2)>

>>> voronoi_polygons (points, extend_to=Geometry ("LINESTRING (0 0, 10 10)"), only_
—edges=True)

<pygeos.Geometry LINESTRING (3 10, 3 0)>

>>> voronoi_polygons (Geometry ("LINESTRING (2 2, 4 2)"), only_edges=True)
<pygeos.Geometry LINESTRING (3 4, 3 0)>

>>> voronoi_polygons (Geometry ("POINT (2 2)"))

<pygeos.Geometry GEOMETRYCOLLECTION EMPTY>

12 Chapter 3. API Reference



pygeos

3.2 pygeos.coordinates

pygeos.coordinates.apply (geometry, transformation)
Returns a copy of a geometry array with a function applied to its coordinates.

All returned geometries will be two-dimensional; the third dimension will be discarded, if present.
Parameters geometry : Geometry or array_like
transformation : function

A function that transforms a (N, 2) ndarray of float64 to another (N, 2) ndarray of

float64.
Examples
>>> apply (Geometry ("POINT (0 0)"), lambda x: x + 1)
<pygeos.Geometry POINT (1 1)>
>>> apply (Geometry ("LINESTRING (2 2, 4 4)"), lambda x: x * [2, 3])

<pygeos.Geometry LINESTRING (4 6, 8 12)>

>>> apply (None, lambda x: x) is None

True

>>> apply ([Geometry ("POINT (0 0)"), None], lambda x: x).tolist()
[<pygeos.Geometry POINT (0 0)>, None]

pygeos.coordinates.count_coordinates (geometry)
Counts the number of coordinate pairs in a geometry array.

Parameters geometry : Geometry or array_like

Examples

>>> count_coordinates (Geometry ("POINT (0 0)"))
>>> count_coordinates (Geometry ("LINESTRING (2 2, 4 4)"))
>>> count_coordinates (None)

>>> count_coordinates ([Geometry ("POINT (0 0)"), None])

pygeos.coordinates.get_coordinates (geometry)
Gets coordinates from a geometry array as an array of floats.

The shape of the returned array is (N, 2), with N being the number of coordinate pairs. Three-dimensional data
is ignored.

Parameters geometry : Geometry or array_like

3.2. pygeos.coordinates 13
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Examples

>>> get_coordinates (Geometry ("POINT (0 0)")).tolist ()

[[0.0, 0.07]]

>>> get_coordinates (Geometry ("LINESTRING (2 2, 4 4)")).tolist ()

[[2.0, 2.0], [4.0, 4.0]]
>>> get_coordinates (None)
array([], shape=(0, 2), dtype=float64)

pygeos.coordinates.set_coordinates (geometry, coordinates)
Returns a copy of a geometry array with different coordinates.

All returned geometries will be two-dimensional; the third dimension will be discarded, if present.
Parameters geometry : Geometry or array_like

coordinates: array_like

Examples

>>> set_coordinates (Geometry ("POINT (0 0)"), [[1, 111)
<pygeos.Geometry POINT (1 1)>

>>> set_coordinates ([Geometry ("POINT (0 0)"), Geometry ("LINESTRING (0 0, 0 0)")1,.
—[[1, 21, [3, 41, [5, 6]11).tolist()

[<pygeos.Geometry POINT (1 2)>, <pygeos.Geometry LINESTRING (3 4, 5 6)>]

>>> set_coordinates ([None, Geometry ("POINT (0 0)")1, [[1, 2]]).tolist ()

[None, <pygeos.Geometry POINT (1 2)>]

3.3 pygeos.geometry

pygeos.geometry.get_coordinate_dimensions (geometry)
Returns the dimensionality of the coordinates in a geometry (2 or 3).

Returns -1 for not-a-geometry values.

Parameters geometry : Geometry or array_like

Examples

>>> get_coordinate_dimensions (Geometry ("POINT (0 0)"))

2

>>> get_coordinate_dimensions (Geometry ("POINT Z (0 0 0)"))
3

>>> get_coordinate_dimensions (None)

-1

pygeos.geometry.get_dimensions (geometry)
Returns the inherent dimensionality of a geometry.

The inherent dimension is O for points, 1 for linestrings and linearrings, and 2 for polygons. For geometrycol-
lections it is the max of the containing elements. Empty and None geometries return -1.

Parameters geometry : Geometry or array_like

14 Chapter 3. API Reference
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Examples

>>> get_dimensions (Geometry ("POINT (0 0)"))

0

>>> get_dimensions (Geometry ("POLYGON((O O, O 10, 10 10, 10 O, 0 0))™))
2

>>> get_dimensions (Geometry ("GEOMETRYCOLLECTION (POINT (0 0), LINESTRING(O 0, 1 1))
—"))

1

>>> get_dimensions (Geometry ("GEOMETRYCOLLECTION EMPTY"))

-1

>>> get_dimensions (None)

-1

pygeos.geometry.get_exterior_ring (geometry)
Returns the exterior ring of a polygon.

Parameters geometry : Geometry or array_like
See also:

get_interior_ring

Examples

>>> get_exterior_ring(Geometry ("POLYGON((O O, O 10, 10 10, 10 O, 0 0))"))
<pygeos.Geometry LINEARRING (0O O, O 10, 10 10, 10 O, 0 0)>

>>> get_exterior_ring(Geometry ("POINT (1 1)")) is None

True

pygeos.geometry.get_geometry (geometry, index)
Returns the nth geometry from a collection of geometries.

Parameters geometry : Geometry or array_like
index : int or array_like
Negative values count from the end of the collection backwards.
See also:

get_num _geometries

Notes

» simple geometries act as length-1 collections

¢ out-of-range values return None

3.3. pygeos.geometry 15
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Examples

>>> multipoint = Geometry ("MULTIPOINT (O O, 1 1, 2 2, 3 3)")
>>> get_geometry (multipoint, 1)

<pygeos.Geometry POINT (1 1)>

>>> get_geometry (multipoint, -1)

<pygeos.Geometry POINT (3 3)>

>>> get_geometry (multipoint, 5) is None

True

>>> get_geometry (Geometry ("POINT (1 1)"), 0)
<pygeos.Geometry POINT (1 1)>

>>> get_geometry (Geometry ("POINT (1 1)"), 1) is None
True

pygeos.geometry.get_interior_ring (geometry, index)
Returns the nth interior ring of a polygon.

Parameters geometry : Geometry or array_like
index : int or array_like
Negative values count from the end of the interior rings backwards.
See also:

get_exterior_ring,get_num _interior_rings

Examples

>>> polygon_with_hole = Geometry ("POLYGON((O O, O 10, 10 10, 10 O, 0 0), (2 2, 2
4, 4 4, 4.2, 2 2))")

>>> get_interior_ring(polygon_with_hole, 0)

<pygeos.Geometry LINEARRING (2 2, 2 4, 4 4, 4 2, 2 2)>

>>> get_interior_ring(Geometry ("POINT (1 1)"), 0) is None

True

pygeos.geometry.get_num coordinates (geometry)
Returns the total number of coordinates in a geometry.

Returns -1 for not-a-geometry values.

Parameters geometry : Geometry or array_like

Examples

>>> get_num_coordinates (Geometry ("POINT (0 0)"))

1

>>> get_num_coordinates (Geometry ("POINT Z (0 0 0)"))

1

>>> get_num_coordinates (Geometry ("GEOMETRYCOLLECTION (POINT (0O 0), LINESTRING(O0 O,
=1 1))"))

3

>>> get_num_coordinates (None)

-1

pygeos.geometry.get_num_geometries (geometry)
Returns number of geometries in a collection.

16 Chapter 3. API Reference
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Parameters geometry : Geometry or array_like

The number of geometries in points, linestrings, linearrings and polygons equals one.
See also:

get_num _points, get_geometry

Examples

>>> get_num_geometries (Geometry ("MULTIPOINT (0 O, 1 1, 2 2, 3 3)"))
4

>>> get_num_geometries (Geometry ("POINT (1 1)"))

1

pygeos.geometry.get_num interior_ rings (geometry)
Returns number of internal rings in a polygon

Parameters geometry : Geometry or array_like
The number of interior rings in non-polygons equals zero.

See also:

get_exterior_ring,get_interior_ring

Examples

>>> polygon = Geometry ("POLYGON((O O, O 10, 10 10, 10 O, 0 0))™)

>>> get_num_interior_rings (polygon)

0

>>> polygon_with_hole = Geometry ("POLYGON((O O, O 10, 10 10, 10 O, O 0), (2 2, 2
sS4, 4 4, 42, 2 2))M)

>>> get_num_interior_rings (polygon_with_hole)

1

>>> get_num_interior_rings (Geometry ("POINT (1 1)"))

0

pygeos.geometry.get_num_points (geomertry)
Returns number of points in a linestring or linearring.

Parameters geometry : Geometry or array_like

The number of points in geometries other than linestring or linearring equals zero.

See also:

get_point, get_num geometries

3.3. pygeos.geometry 17
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Examples
>>> line = Geometry ("LINESTRING (0 O, 1 1, 2 2, 3 3)")
>>> get_num_points (line)
4
>>> get_num_points (Geometry ("MULTIPOINT (O O, 1 1, 2 2, 3 3)"))
0
pygeos.geometry.get_point (geometry, index)
Returns the nth point of a linestring or linearring.
Parameters geometry : Geometry or array_like
index : int or array_like
Negative values count from the end of the linestring backwards.
See also:
get_num_points
Examples
>>> line = Geometry ("LINESTRING (O O, 1 1, 2 2, 3 3)")
>>> get_point (line, 1)
<pygeos.Geometry POINT (1 1)>
>>> get_point (line, -2)
<pygeos.Geometry POINT (2 2)>
>>> get_point (line, [0, 3]).tolist ()
[<pygeos.Geometry POINT (0 0)>, <pygeos.Geometry POINT (3 3)>]
>>> get_point (Geometry ("LINEARRING (O O, 1 1, 2 2, 0 0)™), 1)
<pygeos.Geometry POINT (1 1)>
>>> get_point (Geometry ("MULTIPOINT (O O, 1 1, 2 2, 3 3)"), 1) is None
True
>>> get_point (Geometry ("POINT (1 1)"), 0) is None
True

pygeos.geometry.get_srid (geometry)
Returns the SRID of a geometry.

Returns -1 for not-a-geometry values.
Parameters geometry : Geometry or array_like
See also:

set_srid

Examples

>>> point Geometry ("POINT (0 0)")
>>> with_srid set_srid(point, 4326)
>>> get_srid(point)

0

>>> get_srid(with_srid)

4326

18
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pygeos.geometry.get_type_id (geometry)
Returns the type ID of a geometry.

L]

None is -1

POINT is O

LINESTRING is 1

LINEARRING is 2

POLYGON is 3

MULTIPOINT is 4
MULTILINESTRING is 5
MULTIPOLYGON is 6
GEOMETRYCOLLECTION is 7

Parameters geometry : Geometry or array_like

See also:

GeometryType

Examples

>>>
1

>>>
[0,

get_type_id(Geometry ("LINESTRING (0 O, 1 1, 2 2, 3 3)"))

get_type_1id([Geometry ("POINT (1 2)"), Geometry ("POINT
0]

(1 2)")]) .tolist ()

pygeos.geometry.get_x (point)
Returns the x-coordinate of a point

Parameters point : Geometry or array_like

Non-point geometries will result in NaN being returned.

See also:

get_y

Examples

>>>

1.0
>>>
nan

get_x (Geometry ("POINT (1 2)"))

get_x (Geometry ("MULTIPOINT (1 1, 1 2)"))

pygeos.geometry.get_y (point)
Returns the y-coordinate of a point

Parameters point : Geometry or array_like

Non-point geometries will result in NaN being returned.

See also:

get_x

3.3. pygeos.geometry
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Examples

>>> get_vy (Geometry ("POINT (1 2)"))

2.0

>>> get_y (Geometry ("MULTIPOINT (1 1, 1 2)™))
nan

pygeos.geometry.set_srid (geometry, srid)
Returns a geometry with its SRID set.

Parameters geometry : Geometry or array_like
srid : int
See also:

get_srid

Examples

>>> point = Geometry ("POINT (0 0)")
>>> with_srid = set_srid(point, 4326)
>>> get_srid(point)

0

>>> get_srid(with_srid)

4326

3.4 pygeos.linear

pygeos.linear.line_interpolate_point (line, distance, normalize=False)
Returns a point interpolated at given distance on a line.

Parameters line : Geometry or array_like
distance : float or array_like

Negative values measure distance from the end of the line. Out-of-range values will be
clipped to the line endings.

normalize : bool

If normalize is set to True, the distance is a fraction of the total line length instead of
the absolute distance.

Examples

>>> line = Geometry ("LINESTRING (0 2, 0 10)")

>>> line_interpolate_point (line, 2)

<pygeos.Geometry POINT (0 4)>

>>> line_interpolate_point (line, 100)

<pygeos.Geometry POINT (0 10)>

>>> line_interpolate_point (line, -2)

<pygeos.Geometry POINT (0 8)>

>>> line_interpolate_point (line, [0.25, -0.25], normalize=True) .tolist ()
[<pygeos.Geometry POINT (0 4)>, <pygeos.Geometry POINT (0 8)>]

(continues on next page)
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>>> line_interpolate_point (Geometry ("LINESTRING EMPTY"), 1)
<pygeos.Geometry POINT EMPTY>

pygeos.linear.line_locate_point (line, other, normalize=False)
Returns the distance to the line origin of given point.

If given point does not intersect with the line, the point will first be projected onto the line after which the
distance is taken.

Parameters line : Geometry or array_like
point : Geometry or array_like
normalize : bool

If normalize is set to True, the distance is a fraction of the total line length instead of
the absolute distance.

Examples

>>> line = Geometry ("LINESTRING(O 2, 0 10)")

>>> line_locate_point (line, Geometry ("POINT (4 4)"))

2.0

>>> line_locate_point (line, Geometry ("POINT (4 4)"), normalize=True)

0.25

>>> line_locate_point (line, Geometry ("POINT (0 18)"))

8.0

>>> line_locate_point (Geometry ("LINESTRING EMPTY"), Geometry ("POINT (4 4)"))
nan

pygeos.linear.line_merge (line)
Returns (multi)linestrings formed by combining the lines in a multilinestrings.

Parameters line : Geometry or array_like

Examples

>>> line_merge (Geometry ("MULTILINESTRING((0O 2, 0 10), (0 10, 5 10))"))
<pygeos.Geometry LINESTRING (0 2, 0 10, 5 10)>

>>> line_merge (Geometry ("MULTILINESTRING((O 2, 0 10), (0 11, 5 10))™"))
<pygeos.Geometry MULTILINESTRING ((0 2, 0 10), (0 11, 5 10))>

>>> line_merge (Geometry ("LINESTRING EMPTY"))

<pygeos.Geometry GEOMETRYCOLLECTION EMPTY>

pygeos.linear.shared_paths (qa, b, **kwargs)
Returns the shared paths between geom!1 and geom?2.

Both geometries should be linestrings or arrays of linestrings. A geometrycollection or array of geometrycollec-
tions is returned with two elements in each geometrycollection. The first element is a multilinestring containing
shared paths with the same direction for both inputs. The second element is a multilinestring containing shared
paths with the opposite direction for the two inputs.

Parameters a: Geometry or array_like

b : Geometry or array_like
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Examples

>>> geoml = Geometry ("LINESTRING (O O, 1 0, 1 1, O 1, 0 0)")
>>> geom2 = Geometry ("LINESTRING (1 0, 2 0, 2 1,
>>> shared_paths (geoml, geom2)

<pygeos.Geometry GEOMETRYCOLLECTION (MULTILINESTRING EMPTY, MULTILINESTRING ((1 O,
o 1 1)))>
3.5 pygeos. measurement
pygeos.measurement . area (geometry, **kwargs)
Computes the area of a (multi)polygon.
Parameters geometry : Geometry or array_like
Examples
>>> area (Geometry ("POLYGON((O O, O 10, 10 10, 10 O, 0 0))™))
100.0
>>> area (Geometry ("MULTIPOLYGON (((O O, O 10, 10 10, O O0)), ((0O O, O 10, 10 10, O,
=0)))"))
100.0
>>> area (Geometry ("POLYGON EMPTY"))
0.0
>>> area (None)
nan

pygeos.measurement .bounds (geometry, **kwargs)
Computes the bounds (extent) of a geometry.

For each geometry these 4 numbers are returned: min x, min y, max X, max y.

Parameters geometry : Geometry or array_like

Examples

>>> bounds (Geometry ("POINT (2 3)")) .tolist ()
[2.0, 3.0, 2.0, 3.0]

>>> bounds (Geometry ("LINESTRING (0O 0, 0 2, 3 2)")).tolist()
[0.0, 0.0, 3.0, 2.0]
>>> bounds (Geometry ("POLYGON EMPTY")) .tolist ()

[nan, nan, nan, nan]
>>> bounds (None) .tolist ()
[nan, nan, nan, nan]

pygeos.measurement .distance (a, b, **kwargs)
Computes the Cartesian distance between two geometries.

Parameters a, b : Geometry or array_like
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Examples

>>> point = Geometry ("POINT (0 0)")

>>> distance (Geometry ("POINT (10 0)"), point)

10.0

>>> distance (Geometry ("LINESTRING (1 1, 1 -1)"), point)
1.0

>>> distance (Geometry ("POLYGON ((3 O, 5 0, 55, 3 5, 3 0))"), point)
3.0

>>> distance (Geometry ("POINT EMPTY"), point)

nan

>>> distance (None, point)

nan

pygeos.measurement .hausdorff distance (q, b, densify=None, **kwargs)
Compute the discrete Haussdorf distance between two geometries.

The Haussdorf distance is a measure of similarity: it is the greatest distance between any point in A and the
closest point in B. The discrete distance is an approximation of this metric: only vertices are considered. The
parameter ‘densify’ makes this approximation less coarse by splitting the line segments between vertices before
computing the distance.

Parameters a, b : Geometry or array_like
densify : float, array_like or None

The value of densify is required to be between 0 and 1.

Examples

>>> line_1 = Geometry ("LINESTRING (130 0, 0 0, 0 150)™)

>>> line_2 = Geometry ("LINESTRING (10 10, 10 150, 130 10)™)
>>> hausdorff_distance(line_1, line_2)

14.14...

>>> hausdorff_distance(line_1, line_2, densify=0.5)

70.0

>>> hausdorff_distance(line_1, Geometry ("LINESTRING EMPTY"))
nan

>>> hausdorff_distance(line_1, None)

nan

pygeos.measurement . length (geometry, **kwargs)
Computes the length of a (multi)linestring or polygon perimeter.

Parameters geometry : Geometry or array_like

Examples

>>> length (Geometry ("LINESTRING (0 O, 0 2, 3 2)"))

5.0

>>> length (Geometry ("MULTILINESTRING ((0 0, 1 0), (0 0, 1 0))™))
2.0

>>> length (Geometry ("POLYGON((O O, O 10, 10 10, 10 0, 0 0))™))
40.0

>>> length (Geometry ("LINESTRING EMPTY"))

0.0

(continues on next page)
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>>> length (None)
nan

pygeos.measurement .total_bounds (geometry, **kwargs)
Computes the total bounds (extent) of the geometry.

Parameters geometry : Geometry or array_like

Returns numpy ndarray of [xmin, ymin, Xmax, ymax]

>>> total_bounds (Geometry ("POINT (2 3)")).tolist ()

[2.0, 3.0, 2.0, 3.0]

>>> total_bounds ([Geometry ("POINT (2 3)"), Geometry ("POINT (4 5)")]).
—tolist ()

[2.0,3.0,4.0,5.0]

>>> total_bounds ([Geometry ("LINESTRING (0 1, 0 2, 3 2)"),Geometry (
—"LINESTRING (4 4, 4 6, 6 7)")]).tolist ()

[0.0, 1.0, 6.0, 7.0]

>>> total_bounds (Geometry ("POLYGON EMPTY")) .tolist ()

[nan, nan, nan, nan]

>>> total_bounds ([Geometry ("POLYGON EMPTY"), Geometry ("POINT (2 3)
—")]).tolist ()

[2.0, 3.0, 2.0, 3.0]

’>>> total_bounds (None) .tolist ()

[nan, nan, nan, nan]

3.6 pygeos.predicates

pygeos.predicates.contains (a, b, **kwargs)
Returns True if geometry B is completely inside geometry A.

A contains B if no points of B lie in the exterior of A and at least one point of the interior of B lies in the interior

of A.
Parameters a, b : Geometry or array_like

See also:

within contains (A, B) == within (B, A)
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Examples

>>> line = Geometry ("LINESTRING(0O 0, 1 1)")

>>> contains(line, Geometry ("POINT (0 0)"))

False

>>> contains(line, Geometry ("POINT (0.5 0.5)"))

True

>>> area = Geometry ("POLYGON((O O, 1 0, 1 1, 0 1, 0 0))™)
>>> contains (area, Geometry ("POINT (0 0)"))

False
>>> contains (area, line)
True
>>> contains (area, Geometry ("LINESTRING(O 0, 2 2)"))
False
>>> polygon_with_hole = Geometry ("POLYGON((O O, 10 O, 10 10, 0 10, 0 0), (2 2, 4,
w2, 4 4, 2 4, 2 2))M)
>>> contains (polygon_with_hole, Geometry ("POINT (1 1)"))
True
>>> contains (polygon_with_hole, Geometry ("POINT (2 2)"))
False
>>> contains (polygon_with_hole, Geometry ("LINESTRING(L1 1, 5 5)"))
False
>>> contains (area, area)
True
>>> contains (area, None)
False
pygeos.predicates.covered_by (a, b, **kwargs)
Returns True if no point in geometry A is outside geometry B.
Parameters a, b : Geometry or array_like
See also:
covers covered_by (A, B) == covers (B, A)
Examples
>>> line = Geometry ("LINESTRING(O 0, 1 1)")
>>> covered_by (Geometry ("POINT (0 0)"), 1line)
True
>>> covered_by (Geometry ("POINT (0.5 0.5)"), line)
True
>>> area = Geometry ("POLYGON((O O, 1 0, 1 1, O 1, 0 0))™)
>>> covered_by (Geometry ("POINT (0 0)"), area)
True
>>> covered_by(line, area)
True
>>> covered_by (Geometry ("LINESTRING(0O 0, 2 2)"), area)
False
>>> polygon_with_hole = Geometry ("POLYGON((O O, 10 O, 10 10, O 10, 0 0), (2 2, 4_
2, 4 4, 2 4, 2 2))") # NOQA
>>> covered_by (Geometry ("POINT (1 1)"), polygon_with_hole)
True
>>> covered_by (Geometry ("POINT (2 2)"), polygon_with_hole)
True

(continues on next page)
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>>> covered_by (Geometry ("LINESTRING (1L 1, 5 5)"), polygon_with_hole)
False

>>> covered_by (area, area)

True

>>> covered_by (None, area)

False

pygeos.predicates.covers (a, b, **kwargs)
Returns True if no point in geometry B is outside geometry A.

Parameters a, b : Geometry or array_like

See also:

covered by covers (A, B) == covered_by (B, A)
Examples

>>> line = Geometry ("LINESTRING(O 0, 1 1)")

>>> covers (line, Geometry ("POINT (0 0)"))

True

>>> covers (line, Geometry ("POINT (0.5 0.5)"))
True

>>> area = Geometry ("POLYGON((O O, 1 0, 1 1, O 1, 0 0))™)
>>> covers (area, Geometry ("POINT (0 0)"))

True

>>> covers (area, line)

True

>>> covers (area, Geometry ("LINESTRING(O 0, 2 2)"))

False

>>> polygon_with_hole = Geometry ("POLYGON((O O, 10 O, 10 10, O 10, O 0), (2 2, 4,
2, 4 4, 2 4, 2 2))") # NOQA

>>> covers (polygon_with_hole, Geometry ("POINT (1 1)"))

True

>>> covers (polygon_with_hole, Geometry ("POINT (2 2)"))

True

>>> covers (polygon_with_hole, Geometry ("LINESTRING(1 1, 5 5)"))
False

>>> covers (area, area)
True

>>> covers (area, None)
False

pygeos.predicates.crosses (a, b, **kwargs)
Returns True if the intersection of two geometries spatially crosses.

That is: the geometries have some, but not all interior points in common. The geometries must intersect and
the intersection must have a dimensionality less than the maximum dimension of the two input geometries.
Additionally, the intersection of the two geometries must not equal either of the source geometries.

Parameters a, b : Geometry or array_like
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Examples

>>> line = Geometry ("LINESTRING(0O 0, 1 1)")

>>> crosses(line, Geometry ("POINT (0.5 0.5)"))

False

>>> crosses(line, Geometry ("MULTIPOINT ((O0 1), (0.5 0.5))"))
True

>>> crosses(line, Geometry ("LINESTRING(O 1, 1 0)"))

True

>>> crosses(line, Geometry ("LINESTRING(O 0, 2 2)"))

False

>>> area = Geometry ("POLYGON((O O, 1 0, 1 1, O 1, 0 0))™)
>>> crosses (area, line)

False

>>> crosses (area, Geometry ("LINESTRING(0O O, 2 2)"))

True

>>> crosses (area, Geometry ("POINT (0.5 0.5)"))

False

>>> crosses (area, Geometry ("MULTIPOINT ((2 2), (0.5 0.5))"))
True

pygeos.predicates.dis

joint (a, b, **kwargs)

Returns True if A and B do not share any point in space.

Disjoint implies that overlaps, touches, within, and intersects are False. Note missing (None) values are never

disjoint.

Parameters a, b : Geometry or array_like

See also:

intersects disjoint (A, B)

Examples

== ~intersects (A, B)

>>> line
>>> disjoint (line,
False

>>> disjoint (line,
True

>>> disjoint (line,
False

>>> empty
>>> disjoint (line,
True

>>> disjoint (empty,
True

>>> disjoint (empty,
False

>>> disjoint (None,
False

Geometry ("LINESTRING(O O, 1 1)")
Geometry ("POINT (0 0)"))
Geometry ("POINT (0 1)"))

Geometry ("LINESTRING (0 2, 2 0)"))

Geometry ("GEOMETRYCOLLECTION EMPTY")

empty)
empty)
None)

None)

pygeos.predicates.equals (a, b, **kwargs)
Returns True if A and B are spatially equal.

If A is within B and B is within A, A and B are considered equal. The ordering of points can be different.

Parameters a, b : Geometry or array_like

3.6. pygeos.predicates
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See also:

equals_exact Check if A and B are structurally equal given a specified tolerance.

Examples

>>> line = Geometry ("LINESTRING(O O, 5 5, 10 10)")
>>> equals(line, Geometry ("LINESTRING (0O 0, 10 10)"))

True

>>> equals (Geometry ("POLYGON EMPTY"), Geometry ("GEOMETRYCOLLECTION EMPTY"))
True

>>> equals (None, None)

False

pygeos.predicates.equals_exact (a, b, tolerance=0.0, **kwargs)
Returns True if A and B are structurally equal.

This method uses exact coordinate equality, which requires coordinates to be equal (within specified tolerance)
and and in the same order for all components of a geometry. This is in contrast with the equals function which
uses spatial (topological) equality.

Parameters a, b : Geometry or array_like
tolerance : float or array_like

See also:

equals Check if A and B are spatially equal.

Examples

>>> pointl = Geometry ("POINT (50 50)")

>>> point2 = Geometry ("POINT (50.1 50.1)")

>>> equals_exact (pointl, point2)

False

>>> equals_exact (pointl, point2, tolerance=0.2)
True

>>> equals_exact (pointl, None, tolerance=0.2)
False

Difference between structucal and spatial equality:

>>> polygonl = Geometry ("POLYGON((O O, 1 1, O 1, 0 0))™)
>>> polygon2 = Geometry ("POLYGON((O O, 0 1, 1 1

>>> equals_exact (polygonl, polygon2)

False

>>> equals (polygonl, polygon2)

True

pygeos.predicates.has_z (geometry, **kwargs)
Returns True if a geometry has a Z coordinate.

Parameters geometry : Geometry or array_like
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Examples

>>> has_z (Geometry ("POINT (0 0)"))
False

>>> has_z (Geometry ("POINT Z (0 0 0)"))
True

pygeos.predicates.intersects (a, b, **kwargs)
Returns True if A and B share any portion of space.

Intersects implies that overlaps, touches and within are True.

Parameters a, b : Geometry or array_like

See also:
disjoint intersects (A, B) == ~disjoint (A, B)
Examples
>>> line = Geometry ("LINESTRING(O O, 1 1)")
>>> intersects(line, Geometry ("POINT (0 0)"))
True
>>> intersects(line, Geometry ("POINT (0 1)"))
False
>>> intersects(line, Geometry ("LINESTRING(0O 2, 2 0)"))
True
>>> intersects (None, None)
False
pygeos.predicates.is_closed (geometry, **kwargs)
Returns True if a linestring’s first and last points are equal.
Parameters geometry : Geometry or array_like

This function will return False for non-linestrings.
See also:
is_ring Checks additionally if the geometry is simple.
Examples
>>> is_closed(Geometry ("LINESTRING (0 0, 1 1)"))
False
>>> is_closed(Geometry ("LINESTRING(O O, O 1, 1 1, 0 0)"))
True
>>> is_closed(Geometry ("POINT (0 0)"))
False

pygeos.predicates.is_empty (geometry, **kwargs)
Returns True if a geometry is an empty point, polygon, etc.

Parameters geometry : Geometry or array_like
Any geometry type is accepted.

See also:

3.6. pygeos.predicates
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is _missing checks if the object is a geometry

Examples

>>> is_empty (Geometry ("POINT EMPTY"))
True

>>> is_empty (Geometry ("POINT (0 0)"))
False

>>> is_empty (None)

False

pygeos.predicates.is_geometry (geometry, **kwargs)

Returns True if the object is a geometry
Parameters geometry : any object or array_like

See also:

is_missing check if an object is missing (None)

is valid input check if an object is a geometry or None

Examples

>>> is_geometry (Geometry ("POINT (0 0)"))

True

>>> is_geometry (Geometry ("GEOMETRYCOLLECTION EMPTY"))
True

>>> is_geometry (None)

False

>>> is_geometry ("text")

False

pygeos.predicates.is_missing (geometry, **kwargs)

Returns True if the object is not a geometry (None)
Parameters geometry : any object or array_like

See also:

is_geometry check if an object is a geometry
is valid input check if an object is a geometry or None

is_empty checks if the object is an empty geometry

Examples

>>> is_missing (Geometry ("POINT (0 0)"))

False

>>> is_missing (Geometry ("GEOMETRYCOLLECTION EMPTY"))
False

>>> is_missing (None)

True

>>> is_missing("text")

False

30

Chapter 3. API Reference




pygeos

pygeos.predicates.is_ring (geometry, **kwargs)
Returns True if a linestring is closed and simple.

Parameters geometry : Geometry or array_like
This function will return False for non-linestrings.

See also:

is_closed Checks only if the geometry is closed.

is_simple Checks only if the geometry is simple.

Examples

>>> is_ring(Geometry ("POINT (0 0)"))

False

>>> geom = Geometry ("LINESTRING(O O, 1 1)")

>>> is_closed(geom), is_simple(geom), is_ring(geom)
(False, True, False)

>>> geom = Geometry ("LINESTRING(O O, O 1, 1 1, 0 0)™)
>>> is_closed(geom), is_simple(geom), is_ring(geom)
(True, True, True)

>>> geom = Geometry ("LINESTRING(O O, 1 1, 0 1, 1 0, 0 0)")
>>> is_closed(geom), is_simple(geom), is_ring(geom)
(True, False, False)

pygeos.predicates.is_simple (geometry, **kwargs)
Returns True if a Geometry has no anomalous geometric points, such as self-intersections or self tangency.

Parameters geometry : Geometry or array_like
This function will return False for geometrycollections.

See also:

is ring Checks additionally if the geometry is closed.

Examples

>>> is_simple (Geometry ("POLYGON((1 1, 2 1, 2 2, 1 1))"))

True

>>> is_simple (Geometry ("LINESTRING(O O, 1 1, 0 1, 1 0, 0 0)"))
False

>>> is_simple (None)

False

pygeos.predicates.is_valid (geometry, **kwargs)
Returns True if a geometry is well formed.

Parameters geometry : Geometry or array_like
Any geometry type is accepted. Returns False for missing values.

See also:

is valid reason Returns the reason in case of invalid.

3.6. pygeos.predicates 31



pygeos

Examples

>>> is_valid(Geometry ("LINESTRING(O 0, 1 1)"))

True

>>> is_valid(Geometry ("POLYGON((O O, 1 1, 1 2, 1 1, 0 0))"))
False

>>> is_valid(Geometry ("GEOMETRYCOLLECTION EMPTY"))

True

>>> is_valid (None)

False

pygeos.predicates.is_valid_input (geometry, **kwargs)
Returns True if the object is a geometry or None

Parameters geometry : any object or array_like

See also:

is geometry checks if an object is a geometry

is missing checks if an object is None

Examples

>>> is_valid_input (Geometry ("POINT (0 0)"))
True

>>> is_valid_input (Geometry ("GEOMETRYCOLLECTION EMPTY"))
True

>>> is_valid_input (None)

True

>>> is_valid_input (1.0)

False

>>> is_valid_input ("text")

False

pygeos.predicates.is_valid_reason (geometry, **kwargs)
Returns a string stating if a geometry is valid and if not, why.

Parameters geometry : Geometry or array_like
Any geometry type is accepted. Returns None for missing values.

See also:

is wvalid returns True or False

Examples

>>> is_valid_reason (Geometry ("LINESTRING (0O 0, 1 1)"))

'Valid Geometry'

>>> is_valid_reason (Geometry ("POLYGON((O O, 1 1, 1 2, 1 1, 0 0))™))
'Self-intersection[0 071"

>>> is_valid_reason (None) is None

True

pygeos.predicates.overlaps (a, b, **kwargs)
Returns True if A and B intersect, but one does not completely contain the other.
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Parameters a, b : Geometry or array_like

Examples

>>> line = Geometry ("LINESTRING(O 0, 1 1)")

>>> overlaps(line, line)

False

>>> overlaps(line, Geometry ("LINESTRING(O 0, 2 2)"))
False

>>> overlaps (line, Geometry ("LINESTRING(0.5 0.5, 2 2)"))
True

>>> overlaps(line, Geometry ("POINT (0.5 0.5)"))
False

>>> overlaps (None, None)

False

pygeos.predicates.touches (a, b, **kwargs)
Returns True if the only points shared between A and B are on the boundary of A and B.

Parameters a, b : Geometry or array_like

Examples

>>> line = Geometry ("LINESTRING(O0 2, 2 0)")

>>> touches (line, Geometry ("POINT (0 2)"))

True

>>> touches (line, Geometry ("POINT (1 1)"))

False

>>> touches (line, Geometry ("LINESTRING(O 0, 1 1)"))
True

>>> touches (line, Geometry ("LINESTRING(0O 0, 2 2)"))
False

>>> area = Geometry ("POLYGON((O O, 1 0, 1 1, 0 1, 0 0))™)

>>> touches (area, Geometry ("POINT (0.5 0)"))

True

>>> touches (area, Geometry ("POINT (0.5 0.5)"))

False

>>> touches (area, line)

True

>>> touches (area, Geometry ("POLYGON((O 1, 1 1, 1 2, 0 2, 0 1))"))
True

pygeos.predicates.within (a, b, **kwargs)
Returns True if geometry A is completely inside geometry B.

A is within B if no points of A lie in the exterior of B and at least one point of the interior of A lies in the interior
of B.

Parameters a, b : Geometry or array_like

See also:

contains within (A, B) == contains (B, A)
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Examples

>>> line = Geometry ("LINESTRING(0O 0, 1 1)")

>>> within (Geometry ("POINT (0 0)"), line)

False

>>> within (Geometry ("POINT (0.5 0.5)"), line)

True

>>> area = Geometry ("POLYGON((O O, 1 0, 1 1, 0 1, 0 0))™)
>>> within (Geometry ("POINT (0 0)"), area)

False

>>> within(line, area)

True

>>> within (Geometry ("LINESTRING (0O 0, 2 2)"), area)

False

>>> polygon_with_hole = Geometry ("POLYGON((O O, 10 O, 10 10, 0 10, 0 0), (2 2, 4,
2, 4 4, 2.4, 2 2))") # NOQA

>>> within (Geometry ("POINT (1 1)"), polygon_with_hole)
True

>>> within (Geometry ("POINT (2 2)"), polygon_with_hole)
False

>>> within (Geometry ("LINESTRING(1 1, 5 5)"), polygon_with_hole)
False

>>> within (area, area)

True

>>> within (None, area)

False

3.7 pygeos.set_operations

pygeos.set_operations.difference (a, b, **kwargs)
Returns the part of geometry A that does not intersect with geometry B.

Parameters a: Geometry or array_like

b : Geometry or array_like

Examples

>>> line = Geometry ("LINESTRING (0 0, 2 2)")

>>> difference(line, Geometry ("LINESTRING (1 1, 3 3)"))
<pygeos.Geometry LINESTRING (0 0, 1 1)>

>>> difference(line, Geometry ("LINESTRING EMPTY"))
<pygeos.Geometry LINESTRING (0 0, 2 2)>

>>> difference(line, None) is None

True

pygeos.set_operations.intersection (a, b, **kwargs)
Returns the geometry that is shared between input geometries.

Parameters a: Geometry or array_like
b : Geometry or array_like
See also:

intersection_all
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Examples

>>> line = Geometry ("LINESTRING(0O 0, 2 2)")
>>> intersection(line, Geometry ("LINESTRING (1 1, 3 3)"))
<pygeos.Geometry LINESTRING (1 1, 2 2)>

pygeos.set_operations.intersection_all (geometries, axis=0, **kwargs)
Returns the intersection of multiple geometries.

Parameters geometries : array_like
axis : int

Axis along which the operation is performed. The default (zero) performs the operation
over the first dimension of the input array. axis may be negative, in which case it counts
from the last to the first axis.

See also:

intersection

Examples

>>> line_1 = Geometry ("LINESTRING(0O 0, 2 2)")

>>> line_2 = Geometry ("LINESTRING(1 1, 3 3)")

>>> intersection_all([line_1, line_27)

<pygeos.Geometry LINESTRING (1 1, 2 2)>

>>> intersection_all([[line_1, line_2, None]], axis=1).tolist ()
[None]

pygeos.set_operations.symmetric_difference (a, b, **kwargs)
Returns the geometry that represents the portions of input geometries that do not intersect.

Parameters a: Geometry or array_like
b : Geometry or array_like
See also:

symmetric_difference_all

Examples

>>> line = Geometry ("LINESTRING(O 0, 2 2)")
>>> symmetric_difference(line, Geometry ("LINESTRING(1 1, 3 3)"))
<pygeos.Geometry MULTILINESTRING ((O O, 1 1), (2 2, 3 3))>

pygeos.set_operations.symmetric_difference_all (geometries, axis=0, **kwargs)
Returns the symmetric difference of multiple geometries.

Parameters geometries : array_like
axis : int

Axis along which the operation is performed. The default (zero) performs the operation
over the first dimension of the input array. axis may be negative, in which case it counts
from the last to the first axis.

3.7. pygeos.set_operations
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See also:

symmetric_difference

Examples

>>> line_1 = Geometry ("LINESTRING(O 0, 2 2)")

>>> line_2 = Geometry ("LINESTRING(1 1, 3 3)")

>>> symmetric_difference_all([line_1, line_2])

<pygeos.Geometry MULTILINESTRING ((0 O, 1 1), (2 2, 3 3))>

>>> symmetric_difference_all([[line_1, line_2, None]], axis=1).tolist ()
[None]

pygeos.set_operations.union (a, b, **kwargs)
Merges geometries into one.

Parameters a: Geometry or array_like
b : Geometry or array_like
See also:

union_all

Examples

>>> line = Geometry ("LINESTRING(0O 0, 2 2)")

>>> union(line, Geometry ("LINESTRING (2 2, 3 3)"))
<pygeos.Geometry MULTILINESTRING ((0 0, 2 2), (2 2, 3 3))>
>>> union(line, None) is None

True

pygeos.set_operations.union_all (geometries, axis=0, **kwargs)
Returns the union of multiple geometries.

Parameters geometries : array_like
axis : int

Axis along which the operation is performed. The default (zero) performs the operation
over the first dimension of the input array. axis may be negative, in which case it counts
from the last to the first axis.

See also:

union

Examples

>>> line_1 = Geometry ("LINESTRING(O 0, 2 2)")
>>> line_2 = Geometry ("LINESTRING(2 2, 3 3)")
>>> union_all([line_1, line_2])

<pygeos.Geometry MULTILINESTRING ((0 0, 2 2), (2 2, 3 3))>
>>> union_all([[line_1, line_2, Nonel]], axis=1).tolist(
[<pygeos.Geometry MULTILINESTRING ((0 0, 2 2), (2 2,
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3.8 pygeos.strtree

class pygeos.strtree.STRtree (geometries, leafsize=5)
A query-only R-tree created using the Sort-Tile-Recursive (STR) algorithm.

For two-dimensional spatial data. The actual tree will be constructed at the first query.

Parameters geometries : array_like
leafsize : int

the maximum number of child nodes that a node can have

Examples

>>>
>>>
>>>
>>>
(2,
>>>
>>>
[3]
>>>
>>>

Lo,

import pygeos

tree = pygeos.STRtree (pygeos.points (np.arange(10), np.arange(10)))
# Query geometries that overlap envelope of input geometries:
tree.query (pygeos.box (2, 2, 4, 4)).tolist ()

3, 4]

# Query geometries that are contained by input geometry:
tree.query (pygeos.box (2, 2, 4, 4), predicate='contains').tolist ()

# Query geometries that overlap envelopes of ‘geoms’
tree.query_bulk ([pygeos.box (2, 2, 4, 4), pygeos.box(5, 5, 6, 6)]).tolist()
OI OV 17 1]7 [21 3/ 47 5! 6}}

Methods

query (geometry, predicate=None)

Return the index of all geometries in the tree with extents that intersect the envelope of the input geometry.

If predicate is provided, a prepared version of the input geometry is tested using the predicate func-
tion against each item whose extent intersects the envelope of the input geometry: predicate(geometry,
tree_geometry).

If geometry is None, an empty array is returned.
Parameters geometry : Geometry
The envelope of the geometry is taken automatically for querying the tree.

predicate : {None, ‘intersects’, ‘within’, ‘contains’, ‘overlaps’, ‘crosses’, ‘touches’}, op-
tional

The predicate to use for testing geometries from the tree that are within the input geom-
etry’s envelope.

Returns ndarray

Indexes of geometries in tree
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Examples

>>> import pygeos
>>> tree = pygeos.STRtree (pygeos.points (np.arange (10), np.arange(10)))
>>> tree.query(pygeos.box (1,1, 3,3)) .tolist ()

(1, 2, 3]

>>> # Query geometries that are contained by input geometry

>>> tree.query (pygeos.box (2, 2, 4, 4), predicate='contains').tolist()
[3]

query_bulk (geometry, predicate=None)
Returns all combinations of each input geometry and geometries in the tree where the envelope of each
input geometry intersects with the envelope of a tree geometry.

If predicate is provided, a prepared version of each input geometry is tested using the predicate func-
tion against each item whose extent intersects the envelope of the input geometry: predicate(geometry,
tree_geometry).

This returns an array with shape (2,n) where the subarrays correspond to the indexes of the input geometries
and indexes of the tree geometries associated with each. To generate an array of pairs of input geometry
index and tree geometry index, simply transpose the results.

In the context of a spatial join, input geometries are the “left” geometries that determine the order of
the results, and tree geometries are “right” geometries that are joined against the left geometries. This
effectively performs an inner join, where only those combinations of geometries that can be joined based
on envelope overlap or optional predicate are returned.

Any geometry that is None or empty in the input geometries is omitted from the output.
Parameters geometry : Geometry or array_like

Input geometries to query the tree. The envelope of each geometry is automatically
calculated for querying the tree.

predicate : {None, ‘intersects’, ‘within’, ‘contains’, ‘overlaps’, ‘crosses’, ‘touches’}, op-
tional

The predicate to use for testing geometries from the tree that are within the input geom-
etry’s envelope.

Returns ndarray with shape (2, n)

The first subarray contains input geometry indexes. The second subarray contains tree
geometry indexes.

Examples

>>> import pygeos

>>> tree = pygeos.STRtree (pygeos.points (np.arange(10), np.arange (10)))
>>> tree.query_bulk ([pygeos.box (2, 2, 4, 4), pygeos.box(5, 5, 6, 6)]).tolist()
(o, o, o, 1, 131, (2, 3, 4, 5, 6]1]

>>> # Query for geometries that contain tree geometries

>>> tree.query_bulk ([pygeos.box (2, 2, 4, 4), pygeos.box(5, 5, 6, 6)1,.
—predicate='contains') .tolist ()

(101, [31]

>>> # To get an array of pairs of index of input geometry, index of tree,
—geometry,

>>> # transpose the output:

(continues on next page)
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(continued from previous page)

—tolist ()

teo, 21, (o, 31, (o, 4], [1, 51,

>>> tree.query_bulk ([pygeos.box (2, 2,

[ll

61]

4),

pygeos.box (5,

5, 6, 6)]).T.
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A

apply () (in module pygeos.coordinates), 13
area () (in module pygeos.measurement), 22

B

boundary () (in module pygeos.constructive), 7
bounds () (in module pygeos.measurement), 22
buffer () (in module pygeos.constructive), 7

C

centroid () (in module pygeos.constructive), 8
contains () (in module pygeos.predicates), 24
convex_hull () (in module pygeos.constructive), 9
count_coordinates () (in module py-
geos.coordinates), 13
covered_by () (in module pygeos.predicates), 25
covers () (in module pygeos.predicates), 26
crosses () (in module pygeos.predicates), 26

D

delaunay_triangles () (in
geos.constructive), 9
difference () (in module pygeos.set_operations), 34
disjoint () (in module pygeos.predicates), 27
distance () (in module pygeos.measurement), 22

E

envelope () (in module pygeos.constructive), 10

equals () (in module pygeos.predicates), 277

equals_exact () (in module pygeos.predicates), 28

extract_unique_points () (in  module py-
geos.constructive), 10

module py-

G

get_coordinate_dimensions () (in module py-
geos.geometry), 14

get_coordinates () (in
geos.coordinates), 13

get_dimensions () (in module pygeos.geometry), 14

get_exterior_ring() (in module py-
geos.geometry), 15

module py-

INDEX

get_geometry () (in module pygeos.geometry), 15

get_interior_ring() (in module py-
geos.geometry), 16

get_num_coordinates () (in module  py-
geos.geometry), 16

get_num_geometries () (in module py-
geos.geometry), 16

get_num_interior_rings () (in module py-

geos.geometry), 17
get_num_points () (in module pygeos.geometry), 17
get_point () (in module pygeos.geometry), 18
get_srid () (in module pygeos.geometry), 18
get_type_id () (in module pygeos.geometry), 18
get_x () (in module pygeos.geometry), 19
get_y () (in module pygeos.geometry), 19

H

has_z () (in module pygeos.predicates), 28
hausdorff_distance () (in module
geos.measurement), 23

py-

intersection () (in module pygeos.set_operations),
34
intersection_all () (in
geos.set_operations), 35
intersects () (in module pygeos.predicates), 29
is_closed () (in module pygeos.predicates), 29
is_empty () (in module pygeos.predicates), 29
is_geometry () (in module pygeos.predicates), 30
is_missing () (in module pygeos.predicates), 30
is_ring () (in module pygeos.predicates), 30
is_simple () (in module pygeos.predicates), 31
is_valid () (in module pygeos.predicates), 31
is_valid_input () (in module pygeos.predicates),
32
is_valid_reason () (in module pygeos.predicates),
32

module py-

L

length () (in module pygeos.measurement), 23
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line_interpolate_point () (in module py-
geos.linear), 20

line_locate_point () (in module pygeos.linear),
21

line_merge () (in module pygeos.linear), 21

M

module
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pygeos
pygeos
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O

overlaps () (in module pygeos.predicates), 32

F)

point_on_surface () (in
geos.constructive), 10
pygeos.constructive
module, 7
pygeos.coordinates
module, 13
pygeos.geometry
module, 14
pygeos.linear
module, 20
pygeos.measurement
module, 22
pygeos.predicates
module, 24
pygeos.set_operations
module, 34
pygeos.strtree
module, 37

Q

query () (pygeos.strtree.STRtree method), 37
query_bulk () (pygeos.strtree.STRtree method), 38

S

set_coordinates () (in
geos.coordinates), 14
set_srid () (in module pygeos.geometry), 20
shared_paths () (in module pygeos.linear), 21
simplify () (in module pygeos.constructive), 11
snap () (in module pygeos.constructive), 11
STRtree (class in pygeos.strtree), 37
symmetric_difference () (in
geos.set_operations), 35
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.geometry, 14
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.set_operations, 34
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module py-

module  py-
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geos.set_operations), 35

(in module py-

T

total_bounds () (in module pygeos.measurement),
24
touches () (in module pygeos.predicates), 33

U

union () (in module pygeos.set_operations), 36
union_all () (in module pygeos.set_operations), 36

Vv

voronoi_polygons ()
geos.constructive), 12
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W

within () (in module pygeos.predicates), 33
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