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Requirements

Quantized mesh tile requires Python >=2.7 (not including Python 3.x) and GEOS >= 3.3.




Installation

Quantized mesh tile is available on the Python Package Index [https://pypi.python.org/pypi/quantized-mesh-tile/]. So it can be installed
with pip and easy_install tools.




Disclamer

This library is only at a very early stage (very first version) and is subject to changes.




Development

The code is available on GitHub: https://github.com/loicgasser/quantized-mesh-tile

Author:


	Loïc Gasser (https://github.com/loicgasser)




Contributors:


	tiloSchlemmer (https://github.com/thiloSchlemmer)


	Gilbert Jeiziner (https://github.com/gjn)


	Roland Arsenault (https://github.com/rolker)


	Ulrich Meier (https://github.com/umeier)




Styling:

Max line length is 90.

We use flake8 to lint the project. Here are the rules we ignore.


	E128: continuation line under-indented for visual indent


	E221: multiple spaces before operator


	E241: multiple spaces after ‘:’


	E251: multiple spaces around keyword/parameter equals


	E402: module level import not at top of file







Vizualize a terrain tile

Here is a viewer to vizualize the geometry of a single tile. Make sure you have CORS enabled.
Unit vectors are also displayed if they are present.


  z: 
  x: 
  y: 
  tileUrl: 
  Go to viewer
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Tutorial


Introduction

This tutorial shows how to use the quantized mesh tile module.
This format is designed to work exclusively with the TMS (Tile Map Service) [http://wiki.osgeo.org/wiki/Tile_Map_Service_Specification] tiling scheme
and is optimized to display TIN (Triangulated irregular network) [https://en.wikipedia.org/wiki/Triangulated_irregular_network] data on the web.

The only available client able to read and display this format is Cesium [http://cesiumjs.org/].

This module has been developed based on the specifications of the format described here [https://github.com/AnalyticalGraphicsInc/quantized-mesh].

Therefore, if you’ve planned on creating your own terrain server, please make sure you follow all the instructions
provided in the specifications of the format. You may also need to define a layer.json [https://assets.agi.com/stk-terrain/tilesets/world/tiles/layer.json] metadata file at the root of your
terrain server which seems to be a derivative of Mapbox tilejson-spec [https://github.com/mapbox/tilejson-spec]. Make sure you get it right. ;)




Create a terrain tile

The encoding module can determine the extent of a tile based on the geometries it receives as arguments.
Nevertheless, this can only work if the tile has at least 1 triangle on all of its 4 edges.
As a result, it is advised to always provide the bounds of the tile.

So first determine the extent of the tile.

>>> from quantized_mesh_tile.global_geodetic import GlobalGeodetic
>>> geodetic = GlobalGeodetic(True)
>>> [z, x, y] = [9, 533, 383]
>>> [west, south, east, north] = bounds = geodetic.TileBounds(x, y, z)





Now that we have the extent, let’s assume you generated a mesh using your favorite meshing engine and ended up with
the following geometries.

>>> geometries = [
        'POLYGON Z ((7.3828125 44.6484375 303.3, ' +
                    '7.3828125 45.0 320.2, ' +
                    '7.5585937 44.82421875 310.2, ' +
                    '7.3828125 44.6484375 303.3))',
        'POLYGON Z ((7.3828125 44.6484375 303.3, ' +
                    '7.734375 44.6484375 350.3, ' +
                    '7.5585937 44.82421875 310.2, ' +
                    '7.3828125 44.6484375 303.3))',
        'POLYGON Z ((7.734375 44.6484375 350.3, ' +
                    '7.734375 45.0 330.3, ' +
                    '7.5585937 44.82421875 310.2, ' +
                    '7.734375 44.6484375 350.3))',
        'POLYGON Z ((7.734375 45.0 330.3, ' +
                    '7.5585937 44.82421875 310.2, ' +
                    '7.3828125 45.0 320.2, ' +
                    '7.734375 45.0 330.3))'
    ]





For a full list of input formats for the geometries, please refer to quantized_mesh_tile.terrain.TerrainTile.

>>> from quantized_mesh_tile import encode
>>> tile = encode(geometries, bounds=bounds)
>>> print len(tile.getTrianglesCoordinates())
>>> tile.toFile('%s/%s/%s.terrain' % (z, x, y))





This operation will write a local file representing the terrain tile.
If you don’t want to create a physical file but only need its content, you can use:

>>> tile = encode(geometries, bounds=bounds)
>>> content = tile.toBytesIO(gzipped=True)





This operation will create a gzipped compressed string buffer wrapped in a io.BytesIO instance.

If you want to enable lighting effect (experimental):

>>> tile = encode(geometries, bounds=bounds, hasLighting=True)
>>> content = tile.toBytesIO(gzipped=True)





To define a water-mask you can use:

>>> # Water only
>>> watermask = [255]
>>> tile = encode(geometries, bounds=bounds, watermask=watermask)





If you have non-triangular geometries (typically when clipping in an existing mesh),
you can also use the option autocorrectGeometries to collapse them into triangles.
This option should be used with care to fix punctual meshing mistakes.

>>> geometries = [
        'POLYGON Z ((7.3828125 44.6484375 303.3, ' +
                    '7.3828125 45.0 320.2, ' +
                    '7.5585937 44.82421875 310.2, ' +
                    '7.3828125 44.6484375 303.3))',
        'POLYGON Z ((7.3828125 44.6484375 303.3, ' +
                    '7.734375 44.6484375 350.3, ' +
                    '7.5585937 44.82421875 310.2, ' +
                    '7.3828125 44.6484375 303.3))',
        'POLYGON Z ((7.734375 44.6484375 350.3, ' +
                    '7.734375 45.0 330.3, ' +
                    '7.5585937 44.82421875 310.2, ' +
                    '7.734375 44.6484375 350.3))',
        'POLYGON Z ((7.734375 45.0 330.3, ' +
                    '7.5585937 44.82421875 310.2, ' +
                    '7.3828125 45.0 320.2, ' +
                    '7.55859375 45.0 325.2, ' +
                    '7.734375 45.0 330.3))'
    ]
>>> tile = encode(geometries, bounds=bounds, autocorrectGeometries=True)
>>> print len(tile.getTrianglesCoordinates())








Read a local terrain tile

As the coordinates within a terrain tile are quantized, its values can be only be correctly decoded if we know the exact
extent of the tile.

>>> from quantized_mesh_tile.global_geodetic import GlobalGeodetic
>>> geodetic = GlobalGeodetic(True)
>>> [z, x, y] = [9, 533, 383]
>>> [west, south, east, north] = bounds = geodetic.TileBounds(x, y, z)
>>> path = '%s/%s/%s.terrain' % (z, x, y)
>>> tile = decode(path, bounds)
>>> print tile.getTrianglesCoordinates()





Or let’s assume we have a gizpped compressed tile with water-mask extension:

>>> tile = decode(path, bounds, gzipped=True, hasWatermask=True)








Read a remote terrain tile

Using the requests module [http://docs.python-requests.org/en/master/], here is an example on how to read a remote terrain tile.

The you won’t need to decompress the gzipped tile has this is performed automatically
in the requests module.

>>> from io import BytesIO
>>> import requests
>>> from quantized_mesh_tile.terrain import TerrainTile
>>> from quantized_mesh_tile.global_geodetic import GlobalGeodetic
>>> [z, x, y] = [14, 24297, 10735]
>>> geodetic = GlobalGeodetic(True)
>>> [west, south, east, north] = bounds = geodetic.TileBounds(x, y, z)
>>> url = 'http://assets.agi.com/stk-terrain/world/%s/%s/%s.terrain?v=1.16389.0' % (z, x, y)
>>> response = requests.get(url)
>>> content = BytesIO(response.content)
>>> ter = TerrainTile(west=west, south=south, east=east, north=north)
>>> ter.fromBytesIO(content)
>>> print ter.getVerticesCoordinates()
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Encode and decode

This module provides high level utility functions to encode and decode a terrain tile.


Reference


	
quantized_mesh_tile.__init__.decode(filePath, bounds, hasLighting=False, hasWatermask=False, gzipped=False)[source]

	Function to convert a quantized-mesh terrain tile file into a
quantized_mesh_tile.terrain.TerrainTile instance.

Arguments:

filePath


An absolute or relative path to write the terrain tile. (Required)




bounds


The bounds of the terrain tile. (west, south, east, north) (Required).




hasLighting (Experimental)


Indicate whether the tile has the lighting extension.

Default is False.




hasWatermask


Indicate whether the tile has the water-mask extension.

Default is False.









	
quantized_mesh_tile.__init__.encode(geometries, bounds=[], autocorrectGeometries=False, hasLighting=False, watermask=[])[source]

	Function to convert geometries into a
quantized_mesh_tile.terrain.TerrainTile instance.

Arguments:

geometries


A list of shapely polygon geometries representing 3 dimensional triangles.
or
A list of WKT or WKB Polygons representing 3 dimensional triangles.
or
A list of triplet of vertices using the following structure:
(((lon0/lat0/height0),(...),(lon2,lat2,height2)),(...))




bounds


The bounds of the terrain tile. (west, south, east, north)
If not defined, the bounds will be computed from the provided geometries.

Default is [].




autocorrectGeometries


When set to True, it will attempt to fix geometries that are not
triangles. This often happens when geometries are clipped from an existing mesh.

Default is False.




hasLighting (Experimental)


Indicate whether unit vectors should be computed for the lighting extension.

Default is False.




watermask


A water mask list (Optional). Adds rendering water effect.
The water mask list is either one byte, [0] for land and [255] for
water, either a list of 256*256 values ranging from 0 to 255.
Values in the mask are defined from north-to-south and west-to-east.
Per default no watermask is applied. Note that the water mask effect depends on
the texture of the raster layer drapped over your terrain.

Default is [].
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Terrain Tile

This module defines the quantized_mesh_tile.terrain.TerrainTile.
More information about the format specification can be found here:
https://github.com/AnalyticalGraphicsInc/quantized-mesh


Reference


	
class quantized_mesh_tile.terrain.TerrainTile(*args, **kwargs)[source]

	Bases: future.types.newobject.newobject

The main class to read and write a terrain tile.

Constructor arguments:

west


The longitude at the western edge of the tile. Default is -1.0.




east


The longitude at the eastern edge of the tile. Default is 1.0.




south


The latitude at the southern edge of the tile. Default is -1.0.




north


The latitude at the northern edge of the tile. Default is 1.0.




topology


The topology of the mesh which but be an instance of
quantized_mesh_tile.topology.TerrainTopology. Default is None.





	watermask

	A water mask list (Optional). Adds rendering water effect.
The water mask list is either one byte, [0] for land and [255] for
water, either a list of 256*256 values ranging from 0 to 255.
Values in the mask are defined from north-to-south and west-to-east.
Per default no watermask is applied. Note that the water mask effect depends on
the texture of the raster layer drapped over your terrain.
Default is [].





Usage examples:

from quantized_mesh_tile.terrain import TerrainTile
from quantized_mesh_tile.topology import TerrainTopology
from quantized_mesh_tile.global_geodetic import GlobalGeodetic

# The tile coordinates
x = 533
y = 383
z = 9
geodetic = GlobalGeodetic(True)
[west, south, east, north] = geodetic.TileBounds(x, y, z)

# Read a terrain tile (unzipped)
tile = TerrainTile(west=west, south=south, east=east, north=north)
tile.fromFile('mytile.terrain')

# Write a terrain tile locally from scratch (lon/lat/height)
wkts = [
    'POLYGON Z ((7.3828125 44.6484375 303.3, ' +
                '7.3828125 45.0 320.2, ' +
                '7.5585937 44.82421875 310.2, ' +
                '7.3828125 44.6484375 303.3))',
    'POLYGON Z ((7.3828125 44.6484375 303.3, ' +
                '7.734375 44.6484375 350.3, ' +
                '7.5585937 44.82421875 310.2, ' +
                '7.3828125 44.6484375 303.3))',
    'POLYGON Z ((7.734375 44.6484375 350.3, ' +
                '7.734375 45.0 330.3, ' +
                '7.5585937 44.82421875 310.2, ' +
                '7.734375 44.6484375 350.3))',
    'POLYGON Z ((7.734375 45.0 330.3, ' +
                '7.5585937 44.82421875 310.2, ' +
                '7.3828125 45.0 320.2, ' +
                '7.734375 45.0 330.3))'
]
topology = TerrainTopology(geometries=wkts)
tile = TerrainTile(topology=topology)
tile.toFile('mytile.terrain')






	
BYTESPLIT = 65636

	




	
EdgeIndices16 = {'eastIndices': 'H', 'eastVertexCount': 'I', 'northIndices': 'H', 'northVertexCount': 'I', 'southIndices': 'H', 'southVertexCount': 'I', 'westIndices': 'H', 'westVertexCount': 'I'}

	




	
EdgeIndices32 = {'eastIndices': 'I', 'eastVertexCount': 'I', 'northIndices': 'I', 'northVertexCount': 'I', 'southIndices': 'I', 'southVertexCount': 'I', 'westIndices': 'I', 'westVertexCount': 'I'}

	




	
ExtensionHeader = {'extensionId': 'B', 'extensionLength': 'I'}

	




	
MAX = 32767.0

	




	
MIN = 0.0

	




	
OctEncodedVertexNormals = {'xy': 'B'}

	




	
WaterMask = {'xy': 'B'}

	




	
_computeVerticesCoordinates()[source]

	A private method to compute the vertices coordinates.






	
_dequantizeHeight(h)[source]

	Private helper method to convert quantized tile (h) values to real world height
values
:param h: the quantized height value
:return: the height in ground units (meter)






	
_getDeltaHeight()[source]

	




	
_getWorkingUnitLatitude()[source]

	




	
_getWorkingUnitLongitude()[source]

	




	
static _iterUnpackAndDecodeLight(f, extensionLength, structType)[source]

	A private method to iteratively unpack light vector.






	
static _iterUnpackAndDecodeVertices(f, vertexCount, structType)[source]

	A private method to itertatively unpack and decode indices.






	
static _iterUnpackIndices(f, indicesCount, structType)[source]

	A private method to iteratively unpack indices






	
static _iterUnpackWatermaskRow(f, extensionLength, structType)[source]

	A private method to iteratively unpack watermask rows






	
_quantizeHeight(height)[source]

	




	
_quantizeLatitude(latitude)[source]

	




	
_quantizeLongitude(longitude)[source]

	




	
_writeTo(f)[source]

	A private method to write the terrain tile to a file or file-like object.






	
fromBytesIO(f, hasLighting=False, hasWatermask=False)[source]

	A method to read a terrain tile content.

Arguments:

f


An instance of io.BytesIO containing the terrain data. (Required)




hasLighting


Indicate if the tile contains lighting information. Default is False.




hasWatermask


Indicate if the tile contains watermask information. Default is False.









	
fromFile(filePath, hasLighting=False, hasWatermask=False, gzipped=False)[source]

	A method to read a terrain tile file. It is assumed that the tile unzipped.

Arguments:

filePath


An absolute or relative path to a quantized-mesh terrain tile. (Required)




hasLighting


Indicate if the tile contains lighting information. Default is False.




hasWatermask


Indicate if the tile contains watermask information. Default is False.




gzipped


Indicate if the tile content is gzipped. Default is False.









	
fromTerrainTopology(topology, bounds=None)[source]

	A method to prepare a terrain tile data structure.

Arguments:

topology


The topology of the mesh which must be an instance of
quantized_mesh_tile.topology.TerrainTopology. (Required)




bounds


The bounds of a the terrain tile. (west, south, east, north)
If not defined, the bounds defined during initialization will be used.
If no bounds are provided, then the bounds
are extracted from the topology object.









	
getContentType()[source]

	A method to determine the content type of a tile.






	
getTrianglesCoordinates()[source]

	A method to retrieve triplet of coordinates representing the triangles
in lon,lat,height.






	
getVerticesCoordinates()[source]

	A method to retrieve the coordinates of the vertices in lon,lat,height.






	
indexData16 = {'indices': 'H', 'triangleCount': 'I'}

	




	
indexData32 = {'indices': 'I', 'triangleCount': 'I'}

	




	
quantizedMeshHeader = {'boundingSphereCenterX': 'd', 'boundingSphereCenterY': 'd', 'boundingSphereCenterZ': 'd', 'boundingSphereRadius': 'd', 'centerX': 'd', 'centerY': 'd', 'centerZ': 'd', 'horizonOcclusionPointX': 'd', 'horizonOcclusionPointY': 'd', 'horizonOcclusionPointZ': 'd', 'maximumHeight': 'f', 'minimumHeight': 'f'}

	




	
toBytesIO(gzipped=False)[source]

	A method to write the terrain tile data to a file-like object (a string buffer).

Arguments:

gzipped


Indicate if the content should be gzipped. Default is False.









	
toFile(filePath, gzipped=False)[source]

	A method to write the terrain tile data to a physical file.

Argument:

filePath


An absolute or relative path to write the terrain tile. (Required)




gzipped


Indicate if the content should be gzipped. Default is False.









	
vertexData = {'heightVertexCount': 'H', 'uVertexCount': 'H', 'vVertexCount': 'H', 'vertexCount': 'I'}

	








	
quantized_mesh_tile.terrain.lerp(p, q, time)[source]
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Terrain Topology

This module defines the quantized_mesh_tile.topology.TerrainTopology.


Reference


	
class quantized_mesh_tile.topology.TerrainTopology(geometries=[], autocorrectGeometries=False, hasLighting=False)[source]

	Bases: future.types.newobject.newobject

This class is used to build the terrain tile topology.

Contructor arguments:

geometries


A list of shapely polygon geometries representing 3 dimensional triangles.
or
A list of WKT or WKB Polygons representing 3 dimensional triangles.
or
A list of triplet of vertices using the following structure:
(((lon0/lat0/height0),(...),(lon2,lat2,height2)),(...))

Default is [].




autocorrectGeometries


When set to True, it will attempt to fix geometries that are not
triangles. This often happens when geometries are clipped from an existing mesh.

Default is False.




hasLighting


Indicate whether unit vectors should be computed for the lighting extension.

Default is False.




Usage example:

from quantized_mesh_tile.topology import TerrainTopology
triangles = [
    [[7.3828125, 44.6484375, 303.3],
     [7.3828125, 45.0, 320.2],
     [7.5585937, 44.82421875, 310.2]],
    [[7.3828125, 44.6484375, 303.3],
     [7.734375, 44.6484375, 350.3],
     [7.734375, 44.6484375, 350.3]],
    [[7.734375, 44.6484375, 350.3],
     [7.734375, 45.0, 330.3],
     [7.5585937, 44.82421875, 310.2]],
    [[7.734375, 45.0, 330.3],
     [7.5585937, 44.82421875, 310.2],
     [7.3828125, 45.0, 320.2]]
]
topology = TerrainTopology(geometries=triangles)
print topology






	
_addVertices(vertices)[source]

	A private method to add vertices to the terrain tile topology.






	
_assureCounterClockWise(vertices)[source]

	Private method to make sure vertices unwind in counterwise order.
Inspired by:
http://stackoverflow.com/questions/1709283/        how-can-i-sort-a-coordinate-list-for-a-rectangle-counterclockwise






	
_create()[source]

	A private method to create the final terrain data structure.






	
_extractVertices(geometry)[source]

	Method to extract the triangle vertices from a Shapely geometry.
((lon0/lat0/height0),(...),(lon2,lat2,height2))

You should normally never use this method directly.






	
_loadGeometry(geometrySpec)[source]

	A private method to convert a (E)WKB or (E)WKT to a Shapely geometry.






	
_lookupVertexIndex(lookupKey)[source]

	A private method to determine if the vertex has already been discovered
and return its index (or None if not found).






	
addGeometries(geometries)[source]

	Method to add geometries to the terrain tile topology.

Arguments:

geometries


A list of shapely polygon geometries representing 3 dimensional triangles.
or
A list of WKT or WKB Polygons representing 3 dimensional triangles.
or
A list of triplet of vertices using the following structure:
(((lon0/lat0/height0),(...),(lon2,lat2,height2)),(...))









	
ecefMaxX

	A class property returning the maximal x value in ECEF
coordinate system. Normally never used directly.






	
ecefMaxY

	A class property returning the maximal y value in ECEF
coordinate system. Normally never used directly.






	
ecefMaxZ

	A class property returning the maximal z value in ECEF
coordinate system. Normally never used directly.






	
ecefMinX

	A class property returning the minimal x value in ECEF
coordinate system. Normally never used directly.






	
ecefMinY

	A class property returning the minimal y value in ECEF
coordinate system. Normally never used directly.






	
ecefMinZ

	A class property returning the minimal z value in ECEF
coordinate system. Normally never used directly.






	
hVertex

	A class property returning the height of the vertices in the tile.
Normally never used directly.






	
indexData

	A class property retuning a list specifying how the vertices are linked together.
These indices refer to the values in uVertex, vVertex and hVertex of
this class. Normally never used directly.






	
maxHeight

	A class property returning the maximal height in the tile.
Normally never used directly.






	
maxLat

	A class property returning the maximal latitude in the tile.
Normally never used directly.






	
maxLon

	A class property returning the maximal longitude in the tile.
Normally never used directly.






	
minHeight

	A class property returning the minimal height in the tile.
Normally never used directly.






	
minLat

	A class property returning the minimal latitude in the tile.
Normally never used directly.






	
minLon

	A class property returning the minimal longitude in the tile.
Normally never used directly.






	
uVertex

	A class property returning the horizontal coordinates of the vertices
in the tile. Normally never used directly.






	
vVertex

	A class property returning the vertical coordinates of the vertices
in the tile. Normally never used directly.
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Global-Geodetic Profile

This module defines the quantized_mesh_tile.global_geodetic.GlobalGeodetic.
Initial code from:
https://svn.osgeo.org/gdal/trunk/gdal/swig/python/scripts/gdal2tiles.py
Functions necessary for generation of global tiles in Plate Carre projection,
EPSG:4326, unprojected profile.
Pixel and tile coordinates are in TMS notation (origin [0,0] in bottom-left).
What coordinate conversions do we need for TMS Global Geodetic tiles?
Global Geodetic tiles are using geodetic coordinates (latitude,longitude)
directly as planar coordinates XY (it is also called Unprojected or Plate
Carre). We need only scaling to pixel pyramid and cutting to tiles.
Pyramid has on top level two tiles, so it is not square but rectangle.
Area [-180,-90,180,90] is scaled to 512x256 pixels.
TMS has coordinate origin (for pixels and tiles) in bottom-left corner.


Reference


	
class quantized_mesh_tile.global_geodetic.GlobalGeodetic(tmscompatible, tileSize=256)[source]

	Bases: future.types.newobject.newobject

Contructor arguments:

tmscompatible


If set to True, defaults the resolution factor to 0.703125 (2 tiles @ level 0)
Adhers to OSGeo TMS spec and therefore Cesium.
http://wiki.osgeo.org/wiki/Tile_Map_Service_Specification#global-geodetic
If set to False, defaults the resolution factor to 1.40625 (1 tile @ level 0)
Adheres OpenLayers, MapProxy, etc default resolution for WMTS.




tileSize


The size of the tile in pixel. Default is 256.





	
GetNumberOfXTilesAtZoom(zoom)[source]

	Returns the number of tiles over x at a given zoom level (only 256px)






	
GetNumberOfYTilesAtZoom(zoom)[source]

	Returns the number of tiles over y at a given zoom level (only 256px)






	
LonLatToPixels(lon, lat, zoom)[source]

	Converts lon/lat to pixel coordinates in given zoom of the EPSG:4326 pyramid






	
LonLatToTile(lon, lat, zoom)[source]

	Returns the tile for zoom which covers given lon/lat coordinates






	
PixelsToTile(px, py)[source]

	Returns coordinates of the tile covering region in pixel coordinates






	
Resolution(arc/pixel) for given zoom level (measured at Equator)[source]

	




	
TileBounds(tx, ty, zoom)[source]

	Returns bounds of the given tile






	
TileLatLonBounds(tx, ty, zoom)[source]

	Returns bounds of the given tile in the SWNE form






	
ZoomForPixelSize(pixelSize)[source]

	Maximal scaledown zoom of the pyramid closest to the pixelSize.
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Quantized mesh tile viewer
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      	_getDeltaHeight() (quantized_mesh_tile.terrain.TerrainTile method)


      	_getWorkingUnitLatitude() (quantized_mesh_tile.terrain.TerrainTile method)


      	_getWorkingUnitLongitude() (quantized_mesh_tile.terrain.TerrainTile method)


  

  	
      	_iterUnpackAndDecodeLight() (quantized_mesh_tile.terrain.TerrainTile static method)


      	_iterUnpackAndDecodeVertices() (quantized_mesh_tile.terrain.TerrainTile static method)


      	_iterUnpackIndices() (quantized_mesh_tile.terrain.TerrainTile static method)


      	_iterUnpackWatermaskRow() (quantized_mesh_tile.terrain.TerrainTile static method)


      	_loadGeometry() (quantized_mesh_tile.topology.TerrainTopology method)


      	_lookupVertexIndex() (quantized_mesh_tile.topology.TerrainTopology method)


      	_quantizeHeight() (quantized_mesh_tile.terrain.TerrainTile method)


      	_quantizeLatitude() (quantized_mesh_tile.terrain.TerrainTile method)


      	_quantizeLongitude() (quantized_mesh_tile.terrain.TerrainTile method)


      	_writeTo() (quantized_mesh_tile.terrain.TerrainTile method)


  





A


  	
      	addGeometries() (quantized_mesh_tile.topology.TerrainTopology method)


  





B


  	
      	BYTESPLIT (quantized_mesh_tile.terrain.TerrainTile attribute)


  





D


  	
      	decode() (in module quantized_mesh_tile.__init__)


  





E


  	
      	ecefMaxX (quantized_mesh_tile.topology.TerrainTopology attribute)


      	ecefMaxY (quantized_mesh_tile.topology.TerrainTopology attribute)


      	ecefMaxZ (quantized_mesh_tile.topology.TerrainTopology attribute)


      	ecefMinX (quantized_mesh_tile.topology.TerrainTopology attribute)


      	ecefMinY (quantized_mesh_tile.topology.TerrainTopology attribute)


  

  	
      	ecefMinZ (quantized_mesh_tile.topology.TerrainTopology attribute)


      	EdgeIndices16 (quantized_mesh_tile.terrain.TerrainTile attribute)


      	EdgeIndices32 (quantized_mesh_tile.terrain.TerrainTile attribute)


      	encode() (in module quantized_mesh_tile.__init__)


      	ExtensionHeader (quantized_mesh_tile.terrain.TerrainTile attribute)


  





F


  	
      	fromBytesIO() (quantized_mesh_tile.terrain.TerrainTile method)


  

  	
      	fromFile() (quantized_mesh_tile.terrain.TerrainTile method)


      	fromTerrainTopology() (quantized_mesh_tile.terrain.TerrainTile method)


  





G


  	
      	getContentType() (quantized_mesh_tile.terrain.TerrainTile method)


      	GetNumberOfXTilesAtZoom() (quantized_mesh_tile.global_geodetic.GlobalGeodetic method)


      	GetNumberOfYTilesAtZoom() (quantized_mesh_tile.global_geodetic.GlobalGeodetic method)


  

  	
      	getTrianglesCoordinates() (quantized_mesh_tile.terrain.TerrainTile method)


      	getVerticesCoordinates() (quantized_mesh_tile.terrain.TerrainTile method)


      	GlobalGeodetic (class in quantized_mesh_tile.global_geodetic)


  





H


  	
      	hVertex (quantized_mesh_tile.topology.TerrainTopology attribute)


  





I


  	
      	indexData (quantized_mesh_tile.topology.TerrainTopology attribute)


  

  	
      	indexData16 (quantized_mesh_tile.terrain.TerrainTile attribute)


      	indexData32 (quantized_mesh_tile.terrain.TerrainTile attribute)


  





L


  	
      	lerp() (in module quantized_mesh_tile.terrain)


  

  	
      	LonLatToPixels() (quantized_mesh_tile.global_geodetic.GlobalGeodetic method)


      	LonLatToTile() (quantized_mesh_tile.global_geodetic.GlobalGeodetic method)


  





M


  	
      	MAX (quantized_mesh_tile.terrain.TerrainTile attribute)


      	maxHeight (quantized_mesh_tile.topology.TerrainTopology attribute)


      	maxLat (quantized_mesh_tile.topology.TerrainTopology attribute)


      	maxLon (quantized_mesh_tile.topology.TerrainTopology attribute)


  

  	
      	MIN (quantized_mesh_tile.terrain.TerrainTile attribute)


      	minHeight (quantized_mesh_tile.topology.TerrainTopology attribute)


      	minLat (quantized_mesh_tile.topology.TerrainTopology attribute)


      	minLon (quantized_mesh_tile.topology.TerrainTopology attribute)


  





O


  	
      	OctEncodedVertexNormals (quantized_mesh_tile.terrain.TerrainTile attribute)


  





P


  	
      	PixelsToTile() (quantized_mesh_tile.global_geodetic.GlobalGeodetic method)


  





Q


  	
      	quantized_mesh_tile.__init__ (module)


      	quantized_mesh_tile.global_geodetic (module)


  

  	
      	quantized_mesh_tile.terrain (module)


      	quantized_mesh_tile.topology (module)


      	quantizedMeshHeader (quantized_mesh_tile.terrain.TerrainTile attribute)


  





R


  	
      	Resolution() (quantized_mesh_tile.global_geodetic.GlobalGeodetic method)


  





T


  	
      	TerrainTile (class in quantized_mesh_tile.terrain)


      	TerrainTopology (class in quantized_mesh_tile.topology)


      	TileBounds() (quantized_mesh_tile.global_geodetic.GlobalGeodetic method)


  

  	
      	TileLatLonBounds() (quantized_mesh_tile.global_geodetic.GlobalGeodetic method)


      	toBytesIO() (quantized_mesh_tile.terrain.TerrainTile method)


      	toFile() (quantized_mesh_tile.terrain.TerrainTile method)


  





U


  	
      	uVertex (quantized_mesh_tile.topology.TerrainTopology attribute)


  





V


  	
      	vertexData (quantized_mesh_tile.terrain.TerrainTile attribute)


  

  	
      	vVertex (quantized_mesh_tile.topology.TerrainTopology attribute)


  





W


  	
      	WaterMask (quantized_mesh_tile.terrain.TerrainTile attribute)


  





Z


  	
      	ZoomForPixelSize() (quantized_mesh_tile.global_geodetic.GlobalGeodetic method)
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  Source code for collections

'''This module implements specialized container datatypes providing
alternatives to Python's general purpose built-in containers, dict,
list, set, and tuple.

* namedtuple   factory function for creating tuple subclasses with named fields
* deque        list-like container with fast appends and pops on either end
* Counter      dict subclass for counting hashable objects
* OrderedDict  dict subclass that remembers the order entries were added
* defaultdict  dict subclass that calls a factory function to supply missing values

'''

__all__ = ['Counter', 'deque', 'defaultdict', 'namedtuple', 'OrderedDict']
# For bootstrapping reasons, the collection ABCs are defined in _abcoll.py.
# They should however be considered an integral part of collections.py.
from _abcoll import *
import _abcoll
__all__ += _abcoll.__all__

from _collections import deque, defaultdict
from operator import itemgetter as _itemgetter, eq as _eq
from keyword import iskeyword as _iskeyword
import sys as _sys
import heapq as _heapq
from itertools import repeat as _repeat, chain as _chain, starmap as _starmap
from itertools import imap as _imap

try:
    from thread import get_ident as _get_ident
except ImportError:
    from dummy_thread import get_ident as _get_ident


################################################################################
### OrderedDict
################################################################################

class OrderedDict(dict):
    'Dictionary that remembers insertion order'
    # An inherited dict maps keys to values.
    # The inherited dict provides __getitem__, __len__, __contains__, and get.
    # The remaining methods are order-aware.
    # Big-O running times for all methods are the same as regular dictionaries.

    # The internal self.__map dict maps keys to links in a doubly linked list.
    # The circular doubly linked list starts and ends with a sentinel element.
    # The sentinel element never gets deleted (this simplifies the algorithm).
    # Each link is stored as a list of length three:  [PREV, NEXT, KEY].

    def __init__(*args, **kwds):
        '''Initialize an ordered dictionary.  The signature is the same as
        regular dictionaries, but keyword arguments are not recommended because
        their insertion order is arbitrary.

        '''
        if not args:
            raise TypeError("descriptor '__init__' of 'OrderedDict' object "
                            "needs an argument")
        self = args[0]
        args = args[1:]
        if len(args) > 1:
            raise TypeError('expected at most 1 arguments, got %d' % len(args))
        try:
            self.__root
        except AttributeError:
            self.__root = root = []                     # sentinel node
            root[:] = [root, root, None]
            self.__map = {}
        self.__update(*args, **kwds)

    def __setitem__(self, key, value, dict_setitem=dict.__setitem__):
        'od.__setitem__(i, y) <==> od[i]=y'
        # Setting a new item creates a new link at the end of the linked list,
        # and the inherited dictionary is updated with the new key/value pair.
        if key not in self:
            root = self.__root
            last = root[0]
            last[1] = root[0] = self.__map[key] = [last, root, key]
        return dict_setitem(self, key, value)

    def __delitem__(self, key, dict_delitem=dict.__delitem__):
        'od.__delitem__(y) <==> del od[y]'
        # Deleting an existing item uses self.__map to find the link which gets
        # removed by updating the links in the predecessor and successor nodes.
        dict_delitem(self, key)
        link_prev, link_next, _ = self.__map.pop(key)
        link_prev[1] = link_next                        # update link_prev[NEXT]
        link_next[0] = link_prev                        # update link_next[PREV]

    def __iter__(self):
        'od.__iter__() <==> iter(od)'
        # Traverse the linked list in order.
        root = self.__root
        curr = root[1]                                  # start at the first node
        while curr is not root:
            yield curr[2]                               # yield the curr[KEY]
            curr = curr[1]                              # move to next node

    def __reversed__(self):
        'od.__reversed__() <==> reversed(od)'
        # Traverse the linked list in reverse order.
        root = self.__root
        curr = root[0]                                  # start at the last node
        while curr is not root:
            yield curr[2]                               # yield the curr[KEY]
            curr = curr[0]                              # move to previous node

    def clear(self):
        'od.clear() -> None.  Remove all items from od.'
        root = self.__root
        root[:] = [root, root, None]
        self.__map.clear()
        dict.clear(self)

    # -- the following methods do not depend on the internal structure --

    def keys(self):
        'od.keys() -> list of keys in od'
        return list(self)

    def values(self):
        'od.values() -> list of values in od'
        return [self[key] for key in self]

    def items(self):
        'od.items() -> list of (key, value) pairs in od'
        return [(key, self[key]) for key in self]

    def iterkeys(self):
        'od.iterkeys() -> an iterator over the keys in od'
        return iter(self)

    def itervalues(self):
        'od.itervalues -> an iterator over the values in od'
        for k in self:
            yield self[k]

    def iteritems(self):
        'od.iteritems -> an iterator over the (key, value) pairs in od'
        for k in self:
            yield (k, self[k])

    update = MutableMapping.update

    __update = update # let subclasses override update without breaking __init__

    __marker = object()

    def pop(self, key, default=__marker):
        '''od.pop(k[,d]) -> v, remove specified key and return the corresponding
        value.  If key is not found, d is returned if given, otherwise KeyError
        is raised.

        '''
        if key in self:
            result = self[key]
            del self[key]
            return result
        if default is self.__marker:
            raise KeyError(key)
        return default

    def setdefault(self, key, default=None):
        'od.setdefault(k[,d]) -> od.get(k,d), also set od[k]=d if k not in od'
        if key in self:
            return self[key]
        self[key] = default
        return default

    def popitem(self, last=True):
        '''od.popitem() -> (k, v), return and remove a (key, value) pair.
        Pairs are returned in LIFO order if last is true or FIFO order if false.

        '''
        if not self:
            raise KeyError('dictionary is empty')
        key = next(reversed(self) if last else iter(self))
        value = self.pop(key)
        return key, value

    def __repr__(self, _repr_running={}):
        'od.__repr__() <==> repr(od)'
        call_key = id(self), _get_ident()
        if call_key in _repr_running:
            return '...'
        _repr_running[call_key] = 1
        try:
            if not self:
                return '%s()' % (self.__class__.__name__,)
            return '%s(%r)' % (self.__class__.__name__, self.items())
        finally:
            del _repr_running[call_key]

    def __reduce__(self):
        'Return state information for pickling'
        items = [[k, self[k]] for k in self]
        inst_dict = vars(self).copy()
        for k in vars(OrderedDict()):
            inst_dict.pop(k, None)
        if inst_dict:
            return (self.__class__, (items,), inst_dict)
        return self.__class__, (items,)

    def copy(self):
        'od.copy() -> a shallow copy of od'
        return self.__class__(self)

    @classmethod
    def fromkeys(cls, iterable, value=None):
        '''OD.fromkeys(S[, v]) -> New ordered dictionary with keys from S.
        If not specified, the value defaults to None.

        '''
        self = cls()
        for key in iterable:
            self[key] = value
        return self

    def __eq__(self, other):
        '''od.__eq__(y) <==> od==y.  Comparison to another OD is order-sensitive
        while comparison to a regular mapping is order-insensitive.

        '''
        if isinstance(other, OrderedDict):
            return dict.__eq__(self, other) and all(_imap(_eq, self, other))
        return dict.__eq__(self, other)

    def __ne__(self, other):
        'od.__ne__(y) <==> od!=y'
        return not self == other

    # -- the following methods support python 3.x style dictionary views --

    def viewkeys(self):
        "od.viewkeys() -> a set-like object providing a view on od's keys"
        return KeysView(self)

    def viewvalues(self):
        "od.viewvalues() -> an object providing a view on od's values"
        return ValuesView(self)

    def viewitems(self):
        "od.viewitems() -> a set-like object providing a view on od's items"
        return ItemsView(self)


################################################################################
### namedtuple
################################################################################

_class_template = '''\
class {typename}(tuple):
    '{typename}({arg_list})'

    __slots__ = ()

    _fields = {field_names!r}

    def __new__(_cls, {arg_list}):
        'Create new instance of {typename}({arg_list})'
        return _tuple.__new__(_cls, ({arg_list}))

    @classmethod
    def _make(cls, iterable, new=tuple.__new__, len=len):
        'Make a new {typename} object from a sequence or iterable'
        result = new(cls, iterable)
        if len(result) != {num_fields:d}:
            raise TypeError('Expected {num_fields:d} arguments, got %d' % len(result))
        return result

    def __repr__(self):
        'Return a nicely formatted representation string'
        return '{typename}({repr_fmt})' % self

    def _asdict(self):
        'Return a new OrderedDict which maps field names to their values'
        return OrderedDict(zip(self._fields, self))

    def _replace(_self, **kwds):
        'Return a new {typename} object replacing specified fields with new values'
        result = _self._make(map(kwds.pop, {field_names!r}, _self))
        if kwds:
            raise ValueError('Got unexpected field names: %r' % kwds.keys())
        return result

    def __getnewargs__(self):
        'Return self as a plain tuple.  Used by copy and pickle.'
        return tuple(self)

    __dict__ = _property(_asdict)

    def __getstate__(self):
        'Exclude the OrderedDict from pickling'
        pass

{field_defs}
'''

_repr_template = '{name}=%r'

_field_template = '''\
    {name} = _property(_itemgetter({index:d}), doc='Alias for field number {index:d}')
'''

def namedtuple(typename, field_names, verbose=False, rename=False):
    """Returns a new subclass of tuple with named fields.

    >>> Point = namedtuple('Point', ['x', 'y'])
    >>> Point.__doc__                   # docstring for the new class
    'Point(x, y)'
    >>> p = Point(11, y=22)             # instantiate with positional args or keywords
    >>> p[0] + p[1]                     # indexable like a plain tuple
    33
    >>> x, y = p                        # unpack like a regular tuple
    >>> x, y
    (11, 22)
    >>> p.x + p.y                       # fields also accessible by name
    33
    >>> d = p._asdict()                 # convert to a dictionary
    >>> d['x']
    11
    >>> Point(**d)                      # convert from a dictionary
    Point(x=11, y=22)
    >>> p._replace(x=100)               # _replace() is like str.replace() but targets named fields
    Point(x=100, y=22)

    """

    # Validate the field names.  At the user's option, either generate an error
    # message or automatically replace the field name with a valid name.
    if isinstance(field_names, basestring):
        field_names = field_names.replace(',', ' ').split()
    field_names = map(str, field_names)
    typename = str(typename)
    if rename:
        seen = set()
        for index, name in enumerate(field_names):
            if (not all(c.isalnum() or c=='_' for c in name)
                or _iskeyword(name)
                or not name
                or name[0].isdigit()
                or name.startswith('_')
                or name in seen):
                field_names[index] = '_%d' % index
            seen.add(name)
    for name in [typename] + field_names:
        if type(name) != str:
            raise TypeError('Type names and field names must be strings')
        if not all(c.isalnum() or c=='_' for c in name):
            raise ValueError('Type names and field names can only contain '
                             'alphanumeric characters and underscores: %r' % name)
        if _iskeyword(name):
            raise ValueError('Type names and field names cannot be a '
                             'keyword: %r' % name)
        if name[0].isdigit():
            raise ValueError('Type names and field names cannot start with '
                             'a number: %r' % name)
    seen = set()
    for name in field_names:
        if name.startswith('_') and not rename:
            raise ValueError('Field names cannot start with an underscore: '
                             '%r' % name)
        if name in seen:
            raise ValueError('Encountered duplicate field name: %r' % name)
        seen.add(name)

    # Fill-in the class template
    class_definition = _class_template.format(
        typename = typename,
        field_names = tuple(field_names),
        num_fields = len(field_names),
        arg_list = repr(tuple(field_names)).replace("'", "")[1:-1],
        repr_fmt = ', '.join(_repr_template.format(name=name)
                             for name in field_names),
        field_defs = '\n'.join(_field_template.format(index=index, name=name)
                               for index, name in enumerate(field_names))
    )
    if verbose:
        print class_definition

    # Execute the template string in a temporary namespace and support
    # tracing utilities by setting a value for frame.f_globals['__name__']
    namespace = dict(_itemgetter=_itemgetter, __name__='namedtuple_%s' % typename,
                     OrderedDict=OrderedDict, _property=property, _tuple=tuple)
    try:
        exec class_definition in namespace
    except SyntaxError as e:
        raise SyntaxError(e.message + ':\n' + class_definition)
    result = namespace[typename]

    # For pickling to work, the __module__ variable needs to be set to the frame
    # where the named tuple is created.  Bypass this step in environments where
    # sys._getframe is not defined (Jython for example) or sys._getframe is not
    # defined for arguments greater than 0 (IronPython).
    try:
        result.__module__ = _sys._getframe(1).f_globals.get('__name__', '__main__')
    except (AttributeError, ValueError):
        pass

    return result


########################################################################
###  Counter
########################################################################

class Counter(dict):
    '''Dict subclass for counting hashable items.  Sometimes called a bag
    or multiset.  Elements are stored as dictionary keys and their counts
    are stored as dictionary values.

    >>> c = Counter('abcdeabcdabcaba')  # count elements from a string

    >>> c.most_common(3)                # three most common elements
    [('a', 5), ('b', 4), ('c', 3)]
    >>> sorted(c)                       # list all unique elements
    ['a', 'b', 'c', 'd', 'e']
    >>> ''.join(sorted(c.elements()))   # list elements with repetitions
    'aaaaabbbbcccdde'
    >>> sum(c.values())                 # total of all counts
    15

    >>> c['a']                          # count of letter 'a'
    5
    >>> for elem in 'shazam':           # update counts from an iterable
    ...     c[elem] += 1                # by adding 1 to each element's count
    >>> c['a']                          # now there are seven 'a'
    7
    >>> del c['b']                      # remove all 'b'
    >>> c['b']                          # now there are zero 'b'
    0

    >>> d = Counter('simsalabim')       # make another counter
    >>> c.update(d)                     # add in the second counter
    >>> c['a']                          # now there are nine 'a'
    9

    >>> c.clear()                       # empty the counter
    >>> c
    Counter()

    Note:  If a count is set to zero or reduced to zero, it will remain
    in the counter until the entry is deleted or the counter is cleared:

    >>> c = Counter('aaabbc')
    >>> c['b'] -= 2                     # reduce the count of 'b' by two
    >>> c.most_common()                 # 'b' is still in, but its count is zero
    [('a', 3), ('c', 1), ('b', 0)]

    '''
    # References:
    #   http://en.wikipedia.org/wiki/Multiset
    #   http://www.gnu.org/software/smalltalk/manual-base/html_node/Bag.html
    #   http://www.demo2s.com/Tutorial/Cpp/0380__set-multiset/Catalog0380__set-multiset.htm
    #   http://code.activestate.com/recipes/259174/
    #   Knuth, TAOCP Vol. II section 4.6.3

    def __init__(*args, **kwds):
        '''Create a new, empty Counter object.  And if given, count elements
        from an input iterable.  Or, initialize the count from another mapping
        of elements to their counts.

        >>> c = Counter()                           # a new, empty counter
        >>> c = Counter('gallahad')                 # a new counter from an iterable
        >>> c = Counter({'a': 4, 'b': 2})           # a new counter from a mapping
        >>> c = Counter(a=4, b=2)                   # a new counter from keyword args

        '''
        if not args:
            raise TypeError("descriptor '__init__' of 'Counter' object "
                            "needs an argument")
        self = args[0]
        args = args[1:]
        if len(args) > 1:
            raise TypeError('expected at most 1 arguments, got %d' % len(args))
        super(Counter, self).__init__()
        self.update(*args, **kwds)

    def __missing__(self, key):
        'The count of elements not in the Counter is zero.'
        # Needed so that self[missing_item] does not raise KeyError
        return 0

    def most_common(self, n=None):
        '''List the n most common elements and their counts from the most
        common to the least.  If n is None, then list all element counts.

        >>> Counter('abcdeabcdabcaba').most_common(3)
        [('a', 5), ('b', 4), ('c', 3)]

        '''
        # Emulate Bag.sortedByCount from Smalltalk
        if n is None:
            return sorted(self.iteritems(), key=_itemgetter(1), reverse=True)
        return _heapq.nlargest(n, self.iteritems(), key=_itemgetter(1))

    def elements(self):
        '''Iterator over elements repeating each as many times as its count.

        >>> c = Counter('ABCABC')
        >>> sorted(c.elements())
        ['A', 'A', 'B', 'B', 'C', 'C']

        # Knuth's example for prime factors of 1836:  2**2 * 3**3 * 17**1
        >>> prime_factors = Counter({2: 2, 3: 3, 17: 1})
        >>> product = 1
        >>> for factor in prime_factors.elements():     # loop over factors
        ...     product *= factor                       # and multiply them
        >>> product
        1836

        Note, if an element's count has been set to zero or is a negative
        number, elements() will ignore it.

        '''
        # Emulate Bag.do from Smalltalk and Multiset.begin from C++.
        return _chain.from_iterable(_starmap(_repeat, self.iteritems()))

    # Override dict methods where necessary

    @classmethod
    def fromkeys(cls, iterable, v=None):
        # There is no equivalent method for counters because setting v=1
        # means that no element can have a count greater than one.
        raise NotImplementedError(
            'Counter.fromkeys() is undefined.  Use Counter(iterable) instead.')

    def update(*args, **kwds):
        '''Like dict.update() but add counts instead of replacing them.

        Source can be an iterable, a dictionary, or another Counter instance.

        >>> c = Counter('which')
        >>> c.update('witch')           # add elements from another iterable
        >>> d = Counter('watch')
        >>> c.update(d)                 # add elements from another counter
        >>> c['h']                      # four 'h' in which, witch, and watch
        4

        '''
        # The regular dict.update() operation makes no sense here because the
        # replace behavior results in the some of original untouched counts
        # being mixed-in with all of the other counts for a mismash that
        # doesn't have a straight-forward interpretation in most counting
        # contexts.  Instead, we implement straight-addition.  Both the inputs
        # and outputs are allowed to contain zero and negative counts.

        if not args:
            raise TypeError("descriptor 'update' of 'Counter' object "
                            "needs an argument")
        self = args[0]
        args = args[1:]
        if len(args) > 1:
            raise TypeError('expected at most 1 arguments, got %d' % len(args))
        iterable = args[0] if args else None
        if iterable is not None:
            if isinstance(iterable, Mapping):
                if self:
                    self_get = self.get
                    for elem, count in iterable.iteritems():
                        self[elem] = self_get(elem, 0) + count
                else:
                    super(Counter, self).update(iterable) # fast path when counter is empty
            else:
                self_get = self.get
                for elem in iterable:
                    self[elem] = self_get(elem, 0) + 1
        if kwds:
            self.update(kwds)

    def subtract(*args, **kwds):
        '''Like dict.update() but subtracts counts instead of replacing them.
        Counts can be reduced below zero.  Both the inputs and outputs are
        allowed to contain zero and negative counts.

        Source can be an iterable, a dictionary, or another Counter instance.

        >>> c = Counter('which')
        >>> c.subtract('witch')             # subtract elements from another iterable
        >>> c.subtract(Counter('watch'))    # subtract elements from another counter
        >>> c['h']                          # 2 in which, minus 1 in witch, minus 1 in watch
        0
        >>> c['w']                          # 1 in which, minus 1 in witch, minus 1 in watch
        -1

        '''
        if not args:
            raise TypeError("descriptor 'subtract' of 'Counter' object "
                            "needs an argument")
        self = args[0]
        args = args[1:]
        if len(args) > 1:
            raise TypeError('expected at most 1 arguments, got %d' % len(args))
        iterable = args[0] if args else None
        if iterable is not None:
            self_get = self.get
            if isinstance(iterable, Mapping):
                for elem, count in iterable.items():
                    self[elem] = self_get(elem, 0) - count
            else:
                for elem in iterable:
                    self[elem] = self_get(elem, 0) - 1
        if kwds:
            self.subtract(kwds)

    def copy(self):
        'Return a shallow copy.'
        return self.__class__(self)

    def __reduce__(self):
        return self.__class__, (dict(self),)

    def __delitem__(self, elem):
        'Like dict.__delitem__() but does not raise KeyError for missing values.'
        if elem in self:
            super(Counter, self).__delitem__(elem)

    def __repr__(self):
        if not self:
            return '%s()' % self.__class__.__name__
        items = ', '.join(map('%r: %r'.__mod__, self.most_common()))
        return '%s({%s})' % (self.__class__.__name__, items)

    # Multiset-style mathematical operations discussed in:
    #       Knuth TAOCP Volume II section 4.6.3 exercise 19
    #       and at http://en.wikipedia.org/wiki/Multiset
    #
    # Outputs guaranteed to only include positive counts.
    #
    # To strip negative and zero counts, add-in an empty counter:
    #       c += Counter()

    def __add__(self, other):
        '''Add counts from two counters.

        >>> Counter('abbb') + Counter('bcc')
        Counter({'b': 4, 'c': 2, 'a': 1})

        '''
        if not isinstance(other, Counter):
            return NotImplemented
        result = Counter()
        for elem, count in self.items():
            newcount = count + other[elem]
            if newcount > 0:
                result[elem] = newcount
        for elem, count in other.items():
            if elem not in self and count > 0:
                result[elem] = count
        return result

    def __sub__(self, other):
        ''' Subtract count, but keep only results with positive counts.

        >>> Counter('abbbc') - Counter('bccd')
        Counter({'b': 2, 'a': 1})

        '''
        if not isinstance(other, Counter):
            return NotImplemented
        result = Counter()
        for elem, count in self.items():
            newcount = count - other[elem]
            if newcount > 0:
                result[elem] = newcount
        for elem, count in other.items():
            if elem not in self and count < 0:
                result[elem] = 0 - count
        return result

    def __or__(self, other):
        '''Union is the maximum of value in either of the input counters.

        >>> Counter('abbb') | Counter('bcc')
        Counter({'b': 3, 'c': 2, 'a': 1})

        '''
        if not isinstance(other, Counter):
            return NotImplemented
        result = Counter()
        for elem, count in self.items():
            other_count = other[elem]
            newcount = other_count if count < other_count else count
            if newcount > 0:
                result[elem] = newcount
        for elem, count in other.items():
            if elem not in self and count > 0:
                result[elem] = count
        return result

    def __and__(self, other):
        ''' Intersection is the minimum of corresponding counts.

        >>> Counter('abbb') & Counter('bcc')
        Counter({'b': 1})

        '''
        if not isinstance(other, Counter):
            return NotImplemented
        result = Counter()
        for elem, count in self.items():
            other_count = other[elem]
            newcount = count if count < other_count else other_count
            if newcount > 0:
                result[elem] = newcount
        return result


if __name__ == '__main__':
    # verify that instances can be pickled
    from cPickle import loads, dumps
    Point = namedtuple('Point', 'x, y', True)
    p = Point(x=10, y=20)
    assert p == loads(dumps(p))

    # test and demonstrate ability to override methods
    class Point(namedtuple('Point', 'x y')):
        __slots__ = ()
        @property
        def hypot(self):
            return (self.x ** 2 + self.y ** 2) ** 0.5
        def __str__(self):
            return 'Point: x=%6.3f  y=%6.3f  hypot=%6.3f' % (self.x, self.y, self.hypot)

    for p in Point(3, 4), Point(14, 5/7.):
        print p

    class Point(namedtuple('Point', 'x y')):
        'Point class with optimized _make() and _replace() without error-checking'
        __slots__ = ()
        _make = classmethod(tuple.__new__)
        def _replace(self, _map=map, **kwds):
            return self._make(_map(kwds.get, ('x', 'y'), self))

    print Point(11, 22)._replace(x=100)

    Point3D = namedtuple('Point3D', Point._fields + ('z',))
    print Point3D.__doc__

    import doctest
    TestResults = namedtuple('TestResults', 'failed attempted')
    print TestResults(*doctest.testmod())
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  All modules for which code is available

	collections

	quantized_mesh_tile.__init__

	quantized_mesh_tile.global_geodetic

	quantized_mesh_tile.terrain

	quantized_mesh_tile.topology
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  Source code for quantized_mesh_tile.__init__

"""
This module provides high level utility functions to encode and decode a terrain tile.

Reference
---------
"""

# Enable Shapely "speedups" if available
# http://toblerity.org/shapely/manual.html#performance
from shapely import speedups

from .terrain import TerrainTile
from .topology import TerrainTopology

if speedups.available:
    speedups.enable()


[docs]def encode(geometries, bounds=[], autocorrectGeometries=False, hasLighting=False,
           watermask=[]):
    """
    Function to convert geometries into a
    :class:`quantized_mesh_tile.terrain.TerrainTile` instance.

    Arguments:

    ``geometries``

        A list of shapely polygon geometries representing 3 dimensional triangles.
        or
        A list of WKT or WKB Polygons representing 3 dimensional triangles.
        or
        A list of triplet of vertices using the following structure:
        ``(((lon0/lat0/height0),(...),(lon2,lat2,height2)),(...))``

    ``bounds``

        The bounds of the terrain tile. (west, south, east, north)
        If not defined, the bounds will be computed from the provided geometries.

        Default is `[]`.

    ``autocorrectGeometries``

        When set to `True`, it will attempt to fix geometries that are not
        triangles. This often happens when geometries are clipped from an existing mesh.

        Default is `False`.

    ``hasLighting`` (Experimental)

        Indicate whether unit vectors should be computed for the lighting extension.

        Default is `False`.

    ``watermask``

        A water mask list (Optional). Adds rendering water effect.
        The water mask list is either one byte, `[0]` for land and `[255]` for
        water, either a list of 256*256 values ranging from 0 to 255.
        Values in the mask are defined from north-to-south and west-to-east.
        Per default no watermask is applied. Note that the water mask effect depends on
        the texture of the raster layer drapped over your terrain.

        Default is `[]`.

    """
    topology = TerrainTopology(geometries=geometries,
                               autocorrectGeometries=autocorrectGeometries,
                               hasLighting=hasLighting)
    if len(bounds) == 4:
        west, south, east, north = bounds
        tile = TerrainTile(topology=topology,
                           watermask=watermask,
                           west=west, south=south, east=east, north=north)
    else:
        tile = TerrainTile(topology=topology, watermask=watermask)
    return tile



[docs]def decode(filePath, bounds, hasLighting=False, hasWatermask=False, gzipped=False):
    """
    Function to convert a quantized-mesh terrain tile file into a
    :class:`quantized_mesh_tile.terrain.TerrainTile` instance.

    Arguments:

    ``filePath``

        An absolute or relative path to write the terrain tile. (Required)

    ``bounds``

        The bounds of the terrain tile. (west, south, east, north) (Required).

    ``hasLighting`` (Experimental)

        Indicate whether the tile has the lighting extension.

        Default is `False`.

    ``hasWatermask``

        Indicate whether the tile has the water-mask extension.

        Default is `False`.

    """
    west, south, east, north = bounds
    tile = TerrainTile(west=west, south=south, east=east, north=north)
    tile.fromFile(
        filePath, hasLighting=hasLighting, hasWatermask=hasWatermask, gzipped=gzipped)
    return tile
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  Source code for quantized_mesh_tile.global_geodetic

""" This module defines the :class:`quantized_mesh_tile.global_geodetic.GlobalGeodetic`.
Initial code from:
https://svn.osgeo.org/gdal/trunk/gdal/swig/python/scripts/gdal2tiles.py
Functions necessary for generation of global tiles in Plate Carre projection,
EPSG:4326, unprojected profile.
Pixel and tile coordinates are in TMS notation (origin [0,0] in bottom-left).
What coordinate conversions do we need for TMS Global Geodetic tiles?
Global Geodetic tiles are using geodetic coordinates (latitude,longitude)
directly as planar coordinates XY (it is also called Unprojected or Plate
Carre). We need only scaling to pixel pyramid and cutting to tiles.
Pyramid has on top level two tiles, so it is not square but rectangle.
Area [-180,-90,180,90] is scaled to 512x256 pixels.
TMS has coordinate origin (for pixels and tiles) in bottom-left corner.

Reference
---------
"""
from __future__ import division

import math
from builtins import object, range

from past.utils import old_div

MAXZOOMLEVEL = 32


[docs]class GlobalGeodetic(object):
    """
    Contructor arguments:

    ``tmscompatible``

        If set to True, defaults the resolution factor to 0.703125 (2 tiles @ level 0)
        Adhers to OSGeo TMS spec and therefore Cesium.
        http://wiki.osgeo.org/wiki/Tile_Map_Service_Specification#global-geodetic
        If set to False, defaults the resolution factor to 1.40625 (1 tile @ level 0)
        Adheres OpenLayers, MapProxy, etc default resolution for WMTS.

    ``tileSize``

        The size of the tile in pixel. Default is `256`.

    """

    def __init__(self, tmscompatible, tileSize=256):
        self.tileSize = tileSize
        if tmscompatible is not None:
            self.resFact = old_div(180.0, self.tileSize)
            self._numberOfLevelZeroTilesX = 2
            self._numberOfLevelZeroTilesY = 1
        else:
            self.resFact = old_div(360.0, self.tileSize)
            self._numberOfLevelZeroTilesX = 1
            self._numberOfLevelZeroTilesY = 1

[docs]    def LonLatToPixels(self, lon, lat, zoom):
        "Converts lon/lat to pixel coordinates in given zoom of the EPSG:4326 pyramid"

        res = old_div(self.resFact, 2 ** zoom)
        px = old_div((180 + lon), res)
        py = old_div((90 + lat), res)
        return px, py


[docs]    def PixelsToTile(self, px, py):
        "Returns coordinates of the tile covering region in pixel coordinates"

        tx = int(math.ceil(old_div(px, float(self.tileSize))) - 1) if px > 0 else 0
        ty = int(math.ceil(old_div(py, float(self.tileSize))) - 1) if py > 0 else 0
        return tx, ty


[docs]    def LonLatToTile(self, lon, lat, zoom):
        "Returns the tile for zoom which covers given lon/lat coordinates"

        px, py = self.LonLatToPixels(lon, lat, zoom)
        return self.PixelsToTile(px, py)


[docs]    def Resolution(self, zoom):
        "Resolution (arc/pixel) for given zoom level (measured at Equator)"

        return old_div(self.resFact, 2 ** zoom)

        # return 180 / float( 1 << (8+zoom) )

[docs]    def ZoomForPixelSize(self, pixelSize):
        "Maximal scaledown zoom of the pyramid closest to the pixelSize."

        for i in range(MAXZOOMLEVEL):
            if pixelSize > self.Resolution(i):
                if i != 0:
                    return i - 1
                else:
                    return 0  # We don't want to scale up


[docs]    def TileBounds(self, tx, ty, zoom):
        "Returns bounds of the given tile"
        res = old_div(self.resFact, 2 ** zoom)
        return (
            tx * self.tileSize * res - 180,
            ty * self.tileSize * res - 90,
            (tx + 1) * self.tileSize * res - 180,
            (ty + 1) * self.tileSize * res - 90
        )


[docs]    def TileLatLonBounds(self, tx, ty, zoom):
        "Returns bounds of the given tile in the SWNE form"
        b = self.TileBounds(tx, ty, zoom)
        return (b[1], b[0], b[3], b[2])


[docs]    def GetNumberOfXTilesAtZoom(self, zoom):
        "Returns the number of tiles over x at a given zoom level (only 256px)"
        return self._numberOfLevelZeroTilesX << zoom


[docs]    def GetNumberOfYTilesAtZoom(self, zoom):
        "Returns the number of tiles over y at a given zoom level (only 256px)"
        return self._numberOfLevelZeroTilesY << zoom
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  Source code for quantized_mesh_tile.terrain

""" This module defines the :class:`quantized_mesh_tile.terrain.TerrainTile`.
More information about the format specification can be found here:
https://github.com/AnalyticalGraphicsInc/quantized-mesh

Reference
---------
"""
from __future__ import absolute_import, division

import gzip
import io
import os
from builtins import map, object
from collections import OrderedDict

from future import standard_library
from past.builtins import xrange
from past.utils import old_div

from . import horizon_occlusion_point as occ
from .bbsphere import BoundingSphere
from .topology import TerrainTopology
from .utils import (decodeIndices, encodeIndices, gzipFileObject, octDecode,
                    octEncode, packEntry, packIndices, ungzipFileObject,
                    unpackEntry, zigZagDecode, zigZagEncode)

standard_library.install_aliases()

# For a tile of 256px * 256px
TILEPXS = 65536


[docs]def lerp(p, q, time):
    return ((1.0 - time) * p) + (time * q)



[docs]class TerrainTile(object):
    """
    The main class to read and write a terrain tile.

    Constructor arguments:

    ``west``

        The longitude at the western edge of the tile. Default is `-1.0`.

    ``east``

        The longitude at the eastern edge of the tile. Default is `1.0`.

    ``south``

        The latitude at the southern edge of the tile. Default is `-1.0`.

    ``north``

        The latitude at the northern edge of the tile. Default is `1.0`.

    ``topology``

        The topology of the mesh which but be an instance of
        :class:`quantized_mesh_tile.topology.TerrainTopology`. Default is `None`.

    ``watermask``
        A water mask list (Optional). Adds rendering water effect.
        The water mask list is either one byte, `[0]` for land and `[255]` for
        water, either a list of 256*256 values ranging from 0 to 255.
        Values in the mask are defined from north-to-south and west-to-east.
        Per default no watermask is applied. Note that the water mask effect depends on
        the texture of the raster layer drapped over your terrain.
        Default is `[]`.

    Usage examples::

        from quantized_mesh_tile.terrain import TerrainTile
        from quantized_mesh_tile.topology import TerrainTopology
        from quantized_mesh_tile.global_geodetic import GlobalGeodetic

        # The tile coordinates
        x = 533
        y = 383
        z = 9
        geodetic = GlobalGeodetic(True)
        [west, south, east, north] = geodetic.TileBounds(x, y, z)

        # Read a terrain tile (unzipped)
        tile = TerrainTile(west=west, south=south, east=east, north=north)
        tile.fromFile('mytile.terrain')

        # Write a terrain tile locally from scratch (lon/lat/height)
        wkts = [
            'POLYGON Z ((7.3828125 44.6484375 303.3, ' +
                        '7.3828125 45.0 320.2, ' +
                        '7.5585937 44.82421875 310.2, ' +
                        '7.3828125 44.6484375 303.3))',
            'POLYGON Z ((7.3828125 44.6484375 303.3, ' +
                        '7.734375 44.6484375 350.3, ' +
                        '7.5585937 44.82421875 310.2, ' +
                        '7.3828125 44.6484375 303.3))',
            'POLYGON Z ((7.734375 44.6484375 350.3, ' +
                        '7.734375 45.0 330.3, ' +
                        '7.5585937 44.82421875 310.2, ' +
                        '7.734375 44.6484375 350.3))',
            'POLYGON Z ((7.734375 45.0 330.3, ' +
                        '7.5585937 44.82421875 310.2, ' +
                        '7.3828125 45.0 320.2, ' +
                        '7.734375 45.0 330.3))'
        ]
        topology = TerrainTopology(geometries=wkts)
        tile = TerrainTile(topology=topology)
        tile.toFile('mytile.terrain')

    """
    quantizedMeshHeader = OrderedDict([
        ['centerX', 'd'],  # 8bytes
        ['centerY', 'd'],
        ['centerZ', 'd'],
        ['minimumHeight', 'f'],  # 4bytes
        ['maximumHeight', 'f'],
        ['boundingSphereCenterX', 'd'],
        ['boundingSphereCenterY', 'd'],
        ['boundingSphereCenterZ', 'd'],
        ['boundingSphereRadius', 'd'],
        ['horizonOcclusionPointX', 'd'],
        ['horizonOcclusionPointY', 'd'],
        ['horizonOcclusionPointZ', 'd']
    ])

    vertexData = OrderedDict([
        # 4bytes -> determines the size of the 3 following arrays
        ['vertexCount', 'I'],
        ['uVertexCount', 'H'],  # 2bytes, unsigned short
        ['vVertexCount', 'H'],
        ['heightVertexCount', 'H']
    ])

    indexData16 = OrderedDict([
        ['triangleCount', 'I'],
        ['indices', 'H']
    ])
    indexData32 = OrderedDict([
        ['triangleCount', 'I'],
        ['indices', 'I']
    ])

    EdgeIndices16 = OrderedDict([
        ['westVertexCount', 'I'],
        ['westIndices', 'H'],
        ['southVertexCount', 'I'],
        ['southIndices', 'H'],
        ['eastVertexCount', 'I'],
        ['eastIndices', 'H'],
        ['northVertexCount', 'I'],
        ['northIndices', 'H']
    ])
    EdgeIndices32 = OrderedDict([
        ['westVertexCount', 'I'],
        ['westIndices', 'I'],
        ['southVertexCount', 'I'],
        ['southIndices', 'I'],
        ['eastVertexCount', 'I'],
        ['eastIndices', 'I'],
        ['northVertexCount', 'I'],
        ['northIndices', 'I']
    ])

    ExtensionHeader = OrderedDict([
        ['extensionId', 'B'],
        ['extensionLength', 'I']
    ])

    OctEncodedVertexNormals = OrderedDict([
        ['xy', 'B']
    ])

    WaterMask = OrderedDict([
        ['xy', 'B']
    ])

    BYTESPLIT = 65636

    # min and max quantized values for indices
    MIN = 0.0
    MAX = 32767.0

    # Coordinates are given in lon/lat WSG84
    def __init__(self, *args, **kwargs):
        self._west = kwargs.get('west', -1.0)
        self._east = kwargs.get('east', 1.0)
        self._south = kwargs.get('south', -1.0)
        self._north = kwargs.get('north', 1.0)
        self._longs = []
        self._lats = []
        self._heights = []
        self._triangles = []
        self._workingUnitLongitude = None
        self._workingUnitLatitude = None
        self._deltaHeight = None
        self.EPSG = 4326

        # Extensions
        self.vLight = []
        self.watermask = kwargs.get('watermask', [])
        self.hasWatermask = kwargs.get('hasWatermask', bool(self.watermask))

        self.header = OrderedDict()
        for k in TerrainTile.quantizedMeshHeader.keys():
            self.header[k] = 0.0
        self.u = []
        self.v = []
        self.h = []
        self.indices = []
        self.westI = []
        self.southI = []
        self.eastI = []
        self.northI = []

        topology = kwargs.get('topology')
        if topology is not None:
            self.fromTerrainTopology(topology)

    def __repr__(self):
        msg = 'Header: %s\n' % self.header
        # Output intermediate structure
        msg += '\nVertexCount: %s' % len(self.u)
        msg += '\nuVertex: %s' % self.u
        msg += '\nvVertex: %s' % self.v
        msg += '\nhVertex: %s' % self.h
        msg += '\nindexDataCount: %s' % len(self.indices)
        msg += '\nindexData: %s' % self.indices
        msg += '\nwestIndicesCount: %s' % len(self.westI)
        msg += '\nwestIndices: %s' % self.westI
        msg += '\nsouthIndicesCount: %s' % len(self.southI)
        msg += '\nsouthIndices: %s' % self.southI
        msg += '\neastIndicesCount: %s' % len(self.eastI)
        msg += '\neastIndices: %s' % self.eastI
        msg += '\nnorthIndicesCount: %s' % len(self.northI)
        msg += '\nnorthIndices: %s\n' % self.northI
        # Output coordinates
        msg += '\nNumber of triangles: %s' % (old_div(len(self.indices), 3))
        msg += '\nTriangles coordinates in EPSG %s' % self.EPSG
        msg += '\n%s' % self.getTrianglesCoordinates()

        return msg

[docs]    def getContentType(self):
        """
        A method to determine the content type of a tile.
        """
        baseContent = 'application/vnd.quantized-mesh'
        if self.hasLighting and self.hasWatermask:
            return baseContent + ';extensions=octvertexnormals-watermask'
        elif self.hasLighting:
            return baseContent + ';extensions=octvertexnormals'
        elif self.hasWatermask:
            return baseContent + ';extensions=watermask'
        else:
            return baseContent


[docs]    def getVerticesCoordinates(self):
        """
        A method to retrieve the coordinates of the vertices in lon,lat,height.
        """
        self._computeVerticesCoordinates()
        coordinates = []
        for i, lon in enumerate(self._longs):
            coordinates.append((lon, self._lats[i], self._heights[i]))
        return coordinates


[docs]    def getTrianglesCoordinates(self):
        """
        A method to retrieve triplet of coordinates representing the triangles
        in lon,lat,height.
        """
        self._computeVerticesCoordinates()
        triangles = []
        nbTriangles = len(self.indices)
        if nbTriangles % 3 != 0:
            raise Exception('Corrupted tile')
        for i in xrange(0, nbTriangles - 1, 3):
            vi1 = self.indices[i]
            vi2 = self.indices[i + 1]
            vi3 = self.indices[i + 2]
            triangle = (
                (self._longs[vi1],
                 self._lats[vi1],
                 self._heights[vi1]),
                (self._longs[vi2],
                 self._lats[vi2],
                 self._heights[vi2]),
                (self._longs[vi3],
                 self._lats[vi3],
                 self._heights[vi3])
            )
            triangles.append(triangle)
        return triangles


[docs]    def _computeVerticesCoordinates(self):
        """
        A private method to compute the vertices coordinates.
        """
        if not self._longs:
            for u in self.u:
                self._longs.append(
                    lerp(self._west, self._east, old_div(float(u), self.MAX)))
            for v in self.v:
                self._lats.append(
                    lerp(self._south, self._north, old_div(float(v), self.MAX)))
            for h in self.h:
                self._heights.append(
                    lerp(
                        self.header['minimumHeight'],
                        self.header['maximumHeight'],
                        old_div(float(h), self.MAX)
                    )
                )


[docs]    def fromBytesIO(self, f, hasLighting=False, hasWatermask=False):
        """
        A method to read a terrain tile content.

        Arguments:

        ``f``

            An instance of io.BytesIO containing the terrain data. (Required)

        ``hasLighting``

            Indicate if the tile contains lighting information. Default is ``False``.

        ``hasWatermask``

            Indicate if the tile contains watermask information. Default is ``False``.
        """
        self.hasLighting = hasLighting
        self.hasWatermask = hasWatermask
        # Header
        for k, v in TerrainTile.quantizedMeshHeader.items():
            self.header[k] = unpackEntry(f, v)

        # Vertices
        vertexCount = unpackEntry(f, TerrainTile.vertexData['vertexCount'])
        for ud in self._iterUnpackAndDecodeVertices(
                f, vertexCount, TerrainTile.vertexData['uVertexCount']):
            self.u.append(ud)
        for vd in self._iterUnpackAndDecodeVertices(
                f, vertexCount, TerrainTile.vertexData['vVertexCount']):
            self.v.append(vd)
        for hd in self._iterUnpackAndDecodeVertices(
                f, vertexCount, TerrainTile.vertexData['heightVertexCount']):
            self.h.append(hd)

        # Indices
        meta = TerrainTile.indexData16
        if vertexCount > TerrainTile.BYTESPLIT:
            meta = TerrainTile.indexData32
        triangleCount = unpackEntry(f, meta['triangleCount'])
        ind = [
            index for index
            in self._iterUnpackIndices(f, triangleCount * 3, meta['indices'])]
        self.indices = decodeIndices(ind)

        meta = TerrainTile.EdgeIndices16
        if vertexCount > TerrainTile.BYTESPLIT:
            meta = TerrainTile.indexData32
        # Edges (vertices on the edge of the tile)
        westIndicesCount = unpackEntry(f, meta['westVertexCount'])
        for wi in self._iterUnpackIndices(f, westIndicesCount, meta['westIndices']):
            self.westI.append(wi)

        southIndicesCount = unpackEntry(f, meta['southVertexCount'])
        for si in self._iterUnpackIndices(f, southIndicesCount, meta['southIndices']):
            self.southI.append(si)

        eastIndicesCount = unpackEntry(f, meta['eastVertexCount'])
        for ei in self._iterUnpackIndices(f, eastIndicesCount, meta['eastIndices']):
            self.eastI.append(ei)

        northIndicesCount = unpackEntry(f, meta['northVertexCount'])
        for ni in self._iterUnpackIndices(f, northIndicesCount, meta['northIndices']):
            self.northI.append(ni)

        if self.hasLighting:
            # One byte of padding
            # Light extension header
            meta = TerrainTile.ExtensionHeader
            extensionId = unpackEntry(f, meta['extensionId'])
            if extensionId == 1:
                extensionLength = unpackEntry(f, meta['extensionLength'])

                for xy in self._iterUnpackAndDecodeLight(
                        f, extensionLength, TerrainTile.OctEncodedVertexNormals['xy']):
                    self.vLight.append(xy)

        if self.hasWatermask:
            meta = TerrainTile.ExtensionHeader
            extensionId = unpackEntry(f, meta['extensionId'])
            if extensionId == 2:
                extensionLength = unpackEntry(f, meta['extensionLength'])
                for row in self._iterUnpackWatermaskRow(
                        f, extensionLength, TerrainTile.WaterMask['xy']):
                    self.watermask.append(row)

        data = f.read(1)
        if data:
            raise Exception('Should have reached end of file, but didn\'t')


[docs]    @staticmethod
    def _iterUnpackAndDecodeVertices(f, vertexCount, structType):
        """
        A private method to itertatively unpack and decode indices.
        """
        i = 0
        # Delta decoding
        delta = 0
        while i != vertexCount:
            delta += zigZagDecode(unpackEntry(f, structType))
            yield delta
            i += 1


[docs]    @staticmethod
    def _iterUnpackIndices(f, indicesCount, structType):
        """
        A private method to iteratively unpack indices
        """
        i = 0
        while i != indicesCount:
            yield unpackEntry(f, structType)
            i += 1


[docs]    @staticmethod
    def _iterUnpackAndDecodeLight(f, extensionLength, structType):
        """
        A private method to iteratively unpack light vector.
        """
        i = 0
        xyCount = old_div(extensionLength, 2)
        while i != xyCount:
            yield octDecode(
                unpackEntry(
                    f, structType),
                unpackEntry(
                    f, structType)
            )
            i += 1


[docs]    @staticmethod
    def _iterUnpackWatermaskRow(f, extensionLength, structType):
        """
        A private method to iteratively unpack watermask rows
        """
        i = 0
        xyCount = 0
        row = []
        while xyCount != extensionLength:
            row.append(unpackEntry(f, structType))
            if i == 255:
                yield row
                i = 0
                row = []
            else:
                i += 1
            xyCount += 1
        if row:
            yield row


[docs]    def fromFile(self, filePath, hasLighting=False, hasWatermask=False, gzipped=False):
        """
        A method to read a terrain tile file. It is assumed that the tile unzipped.

        Arguments:

        ``filePath``

            An absolute or relative path to a quantized-mesh terrain tile. (Required)

        ``hasLighting``

            Indicate if the tile contains lighting information. Default is ``False``.

        ``hasWatermask``

            Indicate if the tile contains watermask information. Default is ``False``.

        ``gzipped``

            Indicate if the tile content is gzipped. Default is ``False``.
        """
        with open(filePath, 'rb') as f:
            if gzipped:
                f = ungzipFileObject(f)
            self.fromBytesIO(f, hasLighting=hasLighting,
                             hasWatermask=hasWatermask)


[docs]    def toBytesIO(self, gzipped=False):
        """
        A method to write the terrain tile data to a file-like object (a string buffer).

        Arguments:

        ``gzipped``

            Indicate if the content should be gzipped. Default is ``False``.
        """
        f = io.BytesIO()
        self._writeTo(f)
        if gzipped:
            f = gzipFileObject(f)
        return f


[docs]    def toFile(self, filePath, gzipped=False):
        """
        A method to write the terrain tile data to a physical file.

        Argument:

        ``filePath``

            An absolute or relative path to write the terrain tile. (Required)

        ``gzipped``

            Indicate if the content should be gzipped. Default is ``False``.
        """
        if os.path.isfile(filePath):
            raise IOError('File %s already exists' % filePath)

        if not gzipped:
            with open(filePath, 'wb') as f:
                self._writeTo(f)
        else:
            with gzip.open(filePath, 'wb') as f:
                self._writeTo(f)


[docs]    def _getWorkingUnitLatitude(self):
        if not self._workingUnitLatitude:
            self._workingUnitLatitude = old_div(self.MAX, (self._north - self._south))
        return self._workingUnitLatitude


[docs]    def _getWorkingUnitLongitude(self):
        if not self._workingUnitLongitude:
            self._workingUnitLongitude = old_div(self.MAX, (self._east - self._west))
        return self._workingUnitLongitude


[docs]    def _getDeltaHeight(self):
        if not self._deltaHeight:
            maxHeight = self.header['maximumHeight']
            minHeight = self.header['minimumHeight']
            self._deltaHeight = maxHeight - minHeight
        return self._deltaHeight


[docs]    def _quantizeLatitude(self, latitude):
        return int(round((latitude - self._south) *
                         self._getWorkingUnitLatitude()))


[docs]    def _quantizeLongitude(self, longitude):
        return int(round((longitude - self._west) *
                         self._getWorkingUnitLongitude()))


[docs]    def _quantizeHeight(self, height):
        deniv = self._getDeltaHeight()
        # In case a tile is completely flat
        if deniv == 0:
            h = 0
        else:
            workingUnitHeight = old_div(self.MAX, deniv)
            h = int(round((height - self.header['minimumHeight']) * workingUnitHeight))
        return h


[docs]    def _dequantizeHeight(self, h):
        """
        Private helper method to convert quantized tile (h) values to real world height
        values
        :param h: the quantized height value
        :return: the height in ground units (meter)
        """
        return lerp(self.header['minimumHeight'],
                    self.header['maximumHeight'],
                    old_div(float(h), self.MAX))


[docs]    def _writeTo(self, f):
        """
        A private method to write the terrain tile to a file or file-like object.
        """
        # Header
        for k, v in TerrainTile.quantizedMeshHeader.items():
            f.write(packEntry(v, self.header[k]))

        # Delta decoding
        vertexCount = len(self.u)
        # Vertices
        f.write(packEntry(TerrainTile.vertexData['vertexCount'], vertexCount))
        # Move the initial value
        f.write(
            packEntry(
                TerrainTile.vertexData['uVertexCount'], zigZagEncode(self.u[0]))
        )
        for i in xrange(0, vertexCount - 1):
            ud = self.u[i + 1] - self.u[i]
            f.write(
                packEntry(TerrainTile.vertexData['uVertexCount'], zigZagEncode(ud)))
        f.write(
            packEntry(
                TerrainTile.vertexData['uVertexCount'], zigZagEncode(self.v[0]))
        )
        for i in xrange(0, vertexCount - 1):
            vd = self.v[i + 1] - self.v[i]
            f.write(
                packEntry(TerrainTile.vertexData['vVertexCount'], zigZagEncode(vd)))
        f.write(
            packEntry(
                TerrainTile.vertexData['uVertexCount'], zigZagEncode(self.h[0]))
        )
        for i in xrange(0, vertexCount - 1):
            hd = self.h[i + 1] - self.h[i]
            f.write(
                packEntry(
                    TerrainTile.vertexData['heightVertexCount'], zigZagEncode(hd))
            )

        # Indices
        meta = TerrainTile.indexData16
        if vertexCount > TerrainTile.BYTESPLIT:
            meta = TerrainTile.indexData32

        f.write(packEntry(meta['triangleCount'],
                          old_div(len(self.indices), 3)))
        ind = encodeIndices(self.indices)
        packIndices(f, meta['indices'], ind)

        meta = TerrainTile.EdgeIndices16
        if vertexCount > TerrainTile.BYTESPLIT:
            meta = TerrainTile.EdgeIndices32

        f.write(packEntry(meta['westVertexCount'], len(self.westI)))
        for wi in self.westI:
            f.write(packEntry(meta['westIndices'], wi))

        f.write(packEntry(meta['southVertexCount'], len(self.southI)))
        for si in self.southI:
            f.write(packEntry(meta['southIndices'], si))

        f.write(packEntry(meta['eastVertexCount'], len(self.eastI)))
        for ei in self.eastI:
            f.write(packEntry(meta['eastIndices'], ei))

        f.write(packEntry(meta['northVertexCount'], len(self.northI)))
        for ni in self.northI:
            f.write(packEntry(meta['northIndices'], ni))

        # Extension header for light
        if len(self.vLight) > 0:
            self.hasLighting = True
            meta = TerrainTile.ExtensionHeader
            # Extension header ID is 1 for lightening
            f.write(packEntry(meta['extensionId'], 1))
            # Unsigned char size len is 1
            f.write(packEntry(meta['extensionLength'], 2 * vertexCount))

            metaV = TerrainTile.OctEncodedVertexNormals
            for i in xrange(0, vertexCount):
                x, y = octEncode(self.vLight[i])
                f.write(packEntry(metaV['xy'], x))
                f.write(packEntry(metaV['xy'], y))

        if self.watermask:
            self.hasWatermask = True
            # Extension header ID is 2 for watermark
            meta = TerrainTile.ExtensionHeader
            f.write(packEntry(meta['extensionId'], 2))
            # Extension header meta
            nbRows = len(self.watermask)
            if nbRows > 1:
                # Unsigned char size len is 1
                f.write(packEntry(meta['extensionLength'], TILEPXS))
                if nbRows != 256:
                    raise Exception(
                        'Unexpected number of rows for the watermask: %s' % nbRows
                    )
                # From North to South
                for i in xrange(0, nbRows):
                    x = self.watermask[i]
                    if len(x) != 256:
                        raise Exception(
                            'Unexpected number of columns for the watermask: %s' % len(
                                x)
                        )
                    # From West to East
                    for y in x:
                        f.write(packEntry(TerrainTile.WaterMask['xy'], int(y)))
            else:
                f.write(packEntry(meta['extensionLength'], 1))
                if self.watermask[0][0] is None:
                    self.watermask[0][0] = 0
                f.write(
                    packEntry(TerrainTile.WaterMask['xy'], int(self.watermask[0][0])))


[docs]    def fromTerrainTopology(self, topology, bounds=None):
        """
        A method to prepare a terrain tile data structure.

        Arguments:

        ``topology``

            The topology of the mesh which must be an instance of
            :class:`quantized_mesh_tile.topology.TerrainTopology`. (Required)

        ``bounds``

            The bounds of a the terrain tile. (west, south, east, north)
            If not defined, the bounds defined during initialization will be used.
            If no bounds are provided, then the bounds
            are extracted from the topology object.

        """
        if not isinstance(topology, TerrainTopology):
            raise Exception(
                'topology object must be an instance of TerrainTopology')

        # If the bounds are not provided use
        # topology extent instead
        if bounds is not None:
            self._west = bounds[0]
            self._east = bounds[2]
            self._south = bounds[1]
            self._north = bounds[3]
        elif set([self._west, self._south, self._east, self._north]).difference(
                set([-1.0, -1.0, 1.0, 1.0])):
            # Bounds already defined earlier
            pass
        else:
            # Set tile bounds
            self._west = topology.minLon
            self._east = topology.maxLon
            self._south = topology.minLat
            self._north = topology.maxLat

        bSphere = BoundingSphere()
        bSphere.fromPoints(topology.cartesianVertices)

        ecefMinX = topology.ecefMinX
        ecefMinY = topology.ecefMinY
        ecefMinZ = topology.ecefMinZ
        ecefMaxX = topology.ecefMaxX
        ecefMaxY = topology.ecefMaxY
        ecefMaxZ = topology.ecefMaxZ

        # Center of the bounding box 3d
        centerCoords = [
            ecefMinX + (ecefMaxX - ecefMinX) * 0.5,
            ecefMinY + (ecefMaxY - ecefMinY) * 0.5,
            ecefMinZ + (ecefMaxZ - ecefMinZ) * 0.5
        ]

        occlusionPCoords = occ.fromPoints(topology.cartesianVertices, bSphere)

        for k in TerrainTile.quantizedMeshHeader.keys():
            if k == 'centerX':
                self.header[k] = centerCoords[0]
            elif k == 'centerY':
                self.header[k] = centerCoords[1]
            elif k == 'centerZ':
                self.header[k] = centerCoords[2]
            elif k == 'minimumHeight':
                self.header[k] = topology.minHeight
            elif k == 'maximumHeight':
                self.header[k] = topology.maxHeight
            elif k == 'boundingSphereCenterX':
                self.header[k] = bSphere.center[0]
            elif k == 'boundingSphereCenterY':
                self.header[k] = bSphere.center[1]
            elif k == 'boundingSphereCenterZ':
                self.header[k] = bSphere.center[2]
            elif k == 'boundingSphereRadius':
                self.header[k] = bSphere.radius
            elif k == 'horizonOcclusionPointX':
                self.header[k] = occlusionPCoords[0]
            elif k == 'horizonOcclusionPointY':
                self.header[k] = occlusionPCoords[1]
            elif k == 'horizonOcclusionPointZ':
                self.header[k] = occlusionPCoords[2]

        # High watermark encoding performed during toFile
        self.u = list(map(self._quantizeLongitude, topology.uVertex))
        self.v = list(map(self._quantizeLatitude, topology.vVertex))
        self.h = list(map(self._quantizeHeight, topology.hVertex))
        self.indices = topology.indexData

        # List all the vertices on the edge of the tile
        # Use quantized values to determine if an indice belong to a tile edge
        for indice in self.indices:
            x = self.u[indice]
            y = self.v[indice]

            if x == self.MIN and indice not in self.westI:
                self.westI.append(indice)
            elif x == self.MAX and indice not in self.eastI:
                self.eastI.append(indice)

            if y == self.MIN and indice not in self.southI:
                self.southI.append(indice)
            elif y == self.MAX and indice not in self.northI:
                self.northI.append(indice)

        self.hasLighting = topology.hasLighting
        if self.hasLighting:
            self.vLight = topology.verticesUnitVectors
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  Source code for quantized_mesh_tile.topology

""" This module defines the :class:`quantized_mesh_tile.topology.TerrainTopology`.

Reference
---------
"""
from __future__ import division

import math
from builtins import object

import numpy as np
from past.utils import old_div

from shapely.geometry.base import BaseGeometry
from shapely.geometry.polygon import Polygon
from shapely.wkb import loads as load_wkb
from shapely.wkt import loads as load_wkt

from .llh_ecef import LLH2ECEF
from .utils import collapseIntoTriangles, computeNormals


[docs]class TerrainTopology(object):
    """
    This class is used to build the terrain tile topology.

    Contructor arguments:

    ``geometries``

        A list of shapely polygon geometries representing 3 dimensional triangles.
        or
        A list of WKT or WKB Polygons representing 3 dimensional triangles.
        or
        A list of triplet of vertices using the following structure:
        ``(((lon0/lat0/height0),(...),(lon2,lat2,height2)),(...))``

        Default is `[]`.

    ``autocorrectGeometries``

        When set to `True`, it will attempt to fix geometries that are not
        triangles. This often happens when geometries are clipped from an existing mesh.

        Default is `False`.

    ``hasLighting``

        Indicate whether unit vectors should be computed for the lighting extension.

        Default is `False`.

    Usage example::

        from quantized_mesh_tile.topology import TerrainTopology
        triangles = [
            [[7.3828125, 44.6484375, 303.3],
             [7.3828125, 45.0, 320.2],
             [7.5585937, 44.82421875, 310.2]],
            [[7.3828125, 44.6484375, 303.3],
             [7.734375, 44.6484375, 350.3],
             [7.734375, 44.6484375, 350.3]],
            [[7.734375, 44.6484375, 350.3],
             [7.734375, 45.0, 330.3],
             [7.5585937, 44.82421875, 310.2]],
            [[7.734375, 45.0, 330.3],
             [7.5585937, 44.82421875, 310.2],
             [7.3828125, 45.0, 320.2]]
        ]
        topology = TerrainTopology(geometries=triangles)
        print topology

    """

    def __init__(self, geometries=[], autocorrectGeometries=False, hasLighting=False):

        self.geometries = geometries
        self.autocorrectGeometries = autocorrectGeometries
        self.hasLighting = hasLighting

        self.vertices = []
        self.cartesianVertices = []
        self.faces = []
        self.verticesLookup = {}

        if self.geometries:
            self.addGeometries(self.geometries)

    def __repr__(self):
        msg = 'Min height:'
        msg += '\n%s' % self.minHeight
        msg += '\nMax height:'
        msg += '\n%s' % self.maxHeight
        msg += '\nuVertex length:'
        msg += '\n%s' % len(self.uVertex)
        msg += '\nuVertex list:'
        msg += '\n%s' % self.uVertex
        msg += '\nvVertex length:'
        msg += '\n%s' % len(self.vVertex)
        msg += '\nuVertex list:'
        msg += '\n%s' % self.vVertex
        msg += '\nhVertex length:'
        msg += '\n%s' % len(self.hVertex)
        msg += '\nhVertex list:'
        msg += '\n%s' % self.hVertex
        msg += '\nindexData length:'
        msg += '\n%s' % len(self.indexData)
        msg += '\nindexData list:'
        msg += '\n%s' % self.indexData
        msg += '\nNumber of triangles: %s' % (old_div(len(self.indexData), 3))
        return msg

[docs]    def addGeometries(self, geometries):
        """
        Method to add geometries to the terrain tile topology.

        Arguments:

        ``geometries``

            A list of shapely polygon geometries representing 3 dimensional triangles.
            or
            A list of WKT or WKB Polygons representing 3 dimensional triangles.
            or
            A list of triplet of vertices using the following structure:
            ``(((lon0/lat0/height0),(...),(lon2,lat2,height2)),(...))``
        """
        if isinstance(geometries, (list, tuple)) and geometries:
            for geometry in geometries:
                if isinstance(geometry, (str, bytes)):
                    geometry = self._loadGeometry(geometry)
                    vertices = self._extractVertices(geometry)
                elif isinstance(geometry, BaseGeometry):
                    vertices = self._extractVertices(geometry)
                else:
                    vertices = geometry

                if self.autocorrectGeometries:
                    if len(vertices) > 3:
                        triangles = collapseIntoTriangles(vertices)
                        for triangle in triangles:
                            self._addVertices(triangle)
                    else:
                        self._addVertices(vertices)
                else:
                    self._addVertices(vertices)
            self._create()


[docs]    def _extractVertices(self, geometry):
        """
        Method to extract the triangle vertices from a Shapely geometry.
        ``((lon0/lat0/height0),(...),(lon2,lat2,height2))``

        You should normally never use this method directly.
        """
        if not geometry.has_z:
            raise ValueError('Missing z dimension.')
        if not isinstance(geometry, Polygon):
            raise ValueError('Only polygons are accepted.')
        vertices = list(geometry.exterior.coords)
        if len(vertices) != 4 and not self.autocorrectGeometries:
            raise ValueError('None triangular shape has beeen found.')
        return vertices[:len(vertices) - 1]


[docs]    def _loadGeometry(self, geometrySpec):
        """
        A private method to convert a (E)WKB or (E)WKT to a Shapely geometry.
        """
        if type(geometrySpec) is str and geometrySpec.startswith('POLYGON Z'):
            try:
                geometry = load_wkt(geometrySpec)
            except Exception:
                geometry = None
        else:
            try:
                geometry = load_wkb(geometrySpec)
            except Exception:
                geometry = None

        if geometry is None:
            raise ValueError('Failed to convert WKT or WKB to a Shapely geometry')

        return geometry


[docs]    def _addVertices(self, vertices):
        """
        A private method to add vertices to the terrain tile topology.
        """
        vertices = self._assureCounterClockWise(vertices)
        face = []
        for vertex in vertices:
            lookupKey = ','.join(
                ["{:.14f}".format(vertex[0]),
                 "{:.14f}".format(vertex[1]),
                 "{:.14f}".format(vertex[2])]
            )
            faceIndex = self._lookupVertexIndex(lookupKey)
            if faceIndex is not None:
                # Sometimes we can have triangles with zero area
                # (due to unfortunate clipping)
                # In that case skip them
                # if faceIndex in face:
                #    break
                face.append(faceIndex)
            else:
                self.vertices.append(vertex)
                self.cartesianVertices.append(
                    LLH2ECEF(vertex[0], vertex[1], vertex[2]))
                faceIndex = len(self.vertices) - 1
                self.verticesLookup[lookupKey] = faceIndex
                face.append(faceIndex)
        # if len(face) == 3:
        self.faces.append(face)


[docs]    def _create(self):
        """
        A private method to create the final terrain data structure.
        """
        self.vertices = np.array(self.vertices, dtype='float')
        self.cartesianVertices = np.array(self.cartesianVertices, dtype='float')
        self.faces = np.array(self.faces, dtype='int')
        if self.hasLighting:
            self.verticesUnitVectors = computeNormals(
                self.cartesianVertices, self.faces)
        self.verticesLookup = {}


[docs]    def _lookupVertexIndex(self, lookupKey):
        """
        A private method to determine if the vertex has already been discovered
        and return its index (or None if not found).
        """
        if lookupKey in self.verticesLookup:
            return self.verticesLookup[lookupKey]


[docs]    def _assureCounterClockWise(self, vertices):
        """
        Private method to make sure vertices unwind in counterwise order.
        Inspired by:
        http://stackoverflow.com/questions/1709283/\
        how-can-i-sort-a-coordinate-list-for-a-rectangle-counterclockwise
        """
        mlat = old_div(sum(coord[0] for coord in vertices), float(len(vertices)))
        mlon = old_div(sum(coord[1] for coord in vertices), float(len(vertices)))

        def algo(coord):
            return (math.atan2(coord[0] - mlat, coord[1] - mlon) + 2 * math.pi) % (
                2 * math.pi
            )
        vertices = sorted(vertices, key=algo, reverse=True)
        return vertices


    @property
    def uVertex(self):
        """
        A class property returning the horizontal coordinates of the vertices
        in the tile. Normally never used directly.
        """
        if isinstance(self.vertices, np.ndarray):
            return self.vertices[:, 0]

    @property
    def vVertex(self):
        """
        A class property returning the vertical coordinates of the vertices
        in the tile. Normally never used directly.
        """
        if isinstance(self.vertices, np.ndarray):
            return self.vertices[:, 1]

    @property
    def hVertex(self):
        """
        A class property returning the height of the vertices in the tile.
        Normally never used directly.
        """
        if isinstance(self.vertices, np.ndarray):
            return self.vertices[:, 2]

    @property
    def minLon(self):
        """
        A class property returning the minimal longitude in the tile.
        Normally never used directly.
        """
        if isinstance(self.vertices, np.ndarray):
            return np.min(self.vertices[:, 0])

    @property
    def minLat(self):
        """
        A class property returning the minimal latitude in the tile.
        Normally never used directly.
        """
        if isinstance(self.vertices, np.ndarray):
            return np.min(self.vertices[:, 1])

    @property
    def minHeight(self):
        """
        A class property returning the minimal height in the tile.
        Normally never used directly.
        """
        if isinstance(self.vertices, np.ndarray):
            return np.min(self.vertices[:, 2])

    @property
    def maxLon(self):
        """
        A class property returning the maximal longitude in the tile.
        Normally never used directly.
        """
        if isinstance(self.vertices, np.ndarray):
            return np.max(self.vertices[:, 0])

    @property
    def maxLat(self):
        """
        A class property returning the maximal latitude in the tile.
        Normally never used directly.
        """
        if isinstance(self.vertices, np.ndarray):
            return np.max(self.vertices[:, 1])

    @property
    def maxHeight(self):
        """
        A class property returning the maximal height in the tile.
        Normally never used directly.
        """
        if isinstance(self.vertices, np.ndarray):
            return np.max(self.vertices[:, 2])

    @property
    def ecefMinX(self):
        """
        A class property returning the minimal x value in ECEF
        coordinate system. Normally never used directly.
        """
        if isinstance(self.cartesianVertices, np.ndarray):
            return np.min(self.cartesianVertices[:, 0])

    @property
    def ecefMinY(self):
        """
        A class property returning the minimal y value in ECEF
        coordinate system. Normally never used directly.
        """
        if isinstance(self.cartesianVertices, np.ndarray):
            return np.min(self.cartesianVertices[:, 1])

    @property
    def ecefMinZ(self):
        """
        A class property returning the minimal z value in ECEF
        coordinate system. Normally never used directly.
        """
        if isinstance(self.cartesianVertices, np.ndarray):
            return np.min(self.cartesianVertices[:, 2])

    @property
    def ecefMaxX(self):
        """
        A class property returning the maximal x value in ECEF
        coordinate system. Normally never used directly.
        """
        if isinstance(self.cartesianVertices, np.ndarray):
            return np.max(self.cartesianVertices[:, 0])

    @property
    def ecefMaxY(self):
        """
        A class property returning the maximal y value in ECEF
        coordinate system. Normally never used directly.
        """
        if isinstance(self.cartesianVertices, np.ndarray):
            return np.max(self.cartesianVertices[:, 1])

    @property
    def ecefMaxZ(self):
        """
        A class property returning the maximal z value in ECEF
        coordinate system. Normally never used directly.
        """
        if isinstance(self.cartesianVertices, np.ndarray):
            return np.max(self.cartesianVertices[:, 2])

    @property
    def indexData(self):
        """
        A class property retuning a list specifying how the vertices are linked together.
        These indices refer to the values in `uVertex`, `vVertex` and `hVertex` of
        this class. Normally never used directly.
        """
        if isinstance(self.faces, np.ndarray):
            return self.faces.flatten()





          

      

      

    

  
_static/comment-bright.png





_static/ajax-loader.gif





_static/comment-close.png





_static/comment.png





_static/down-pressed.png





nav.xhtml

    
      Table of Contents


      
        		
          Quantized mesh tile Documentation
        


        		
          Tutorial
          
            		
              Introduction
            


            		
              Create a terrain tile
            


            		
              Read a local terrain tile
            


            		
              Read a remote terrain tile
            


          


        


        		
          Encode and decode
          
            		
              Reference
            


          


        


        		
          Terrain Tile