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rnaBA 1

BeeneHue

This document is intended to be both a tutorial and a reference guide. While it does not list all possible use cases, it
should give a good overview of the principal functionality.

Permission is granted to copy, distribute and/or modify this document under the terms of the GNU Free
Documentation License, Version 1.3 or any later version published by the Free Software Foundation; with no
Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts.

Komus Tekcra uueH3ny npejcraeieHa B pasueie gnu_fdl.
This license also applies to all code snippets in this document.

Python support was first introduced in QGIS 0.9. There are several ways to use Python in QGIS Desktop (covered
in the following sections):

¢ Issue commands in the Python console within QGIS
 Create and use plugins

* Automatically run Python code when QGIS starts

* Create processing algorithms

¢ Create functions for expressions in QGIS

¢ Create custom applications based on the QGIS API

Python bindings are also available for QGIS Server, including Python plugins (see QGIS Server and Python) and
Python bindings that can be used to embed QGIS Server into a Python application.

There is a complete QGIS C++ API reference that documents the classes from the QGIS libraries. The Pythonic
QGIS API (pyqgis) is nearly identical to the C++ APL

Another good resource for learning how to perform common tasks is to download existing plugins from the plugin
repository and examine their code.



https://api.qgis.org/api/3.34/
https://qgis.org/pyqgis/3.34/
https://qgis.org/pyqgis/3.34/
https://plugins.qgis.org/
https://plugins.qgis.org/
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1.1 Scripting in the Python Console

QGIS provides an integrated Python console for scripting. It can be opened from the Plugins » Python Console
menu:

Python Console ®
LT 2R N

1 Python Console

2 Use iface to access 0QGIS API interface or Type help(iface) for more info
3=>> layer = qois.utils.iface.activelLayer()

4 =>> layer.id()

5 'inputnew 6740bb2e 0441 4afs 8dcf 305c5c4dBcay’
B =»> layer.featureCount()

718

8

PO |

Puc. 1.1: Koncoms QGIS Python

The screenshot above illustrates how to get the layer currently selected in the layer list, show its ID and optionally, if
it is a vector layer, show the feature count. For interaction with the QGIS environment, there is an i face variable,
which is an instance of QgisInterface. This interface allows access to the map canvas, menus, toolbars and
other parts of the QGIS application.

For user convenience, the following statements are executed when the console is started (in the future it will be
possible to set further initial commands)

from ggis.core import *
import ggis.utils

For those which use the console often, it may be useful to set a shortcut for triggering the console (within Settings
» Keyboard shortcuts...)

1.2 PacwunpeHus Ha Python

The functionality of QGIS can be extended using plugins. Plugins can be written in Python. The main advantage
over C++ plugins is simplicity of distribution (no compiling for each platform) and easier development.

Many plugins covering various functionality have been written since the introduction of Python support. The plugin
installer allows users to easily fetch, upgrade and remove Python plugins. See the Python Plugins page for more
information about plugins and plugin development.

Coszpanue pacmupenuii Ha Python — 3to pocto, cm. Developing Python Plugins.

IIpumeuanne: Python plugins are also available for QGIS server. See QGIS Server and Python for further details.

4 Masa 1. BeepeHue
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1.2.1 Processing Plugins

Processing Plugins can be used to process data. They are easier to develop, more specific and more lightweight than
Python Plugins. Writing a Processing plugin explains when the use of Processing algorithms is appropiate and how
to develop them.

1.3 Running Python code when QGIS starts

There are different methods to run Python code every time QGIS starts.
1. Creating a startup.py script
2. Setting the PYQGIS_STARTUP environment variable to an existing Python file

3. Specifying a startup script using the ——code init_ggis.py parameter.

1.3.1 The startup.py file
Every time QGIS starts, the user’s Python home directory and a list of system paths are searched for a file named
startup.py. If that file exists, it is executed by the embedded Python interpreter.
The path in the user’s home directory usually is found under:
e Linux: .local/share/QGIS/QGIS3
¢ Windows: AppData\Roaming\QGIS\QGIS3
* macOS: Library/Application Support/QGIS/QGIS3

The default system paths depend on the operating system. To find the paths that work for you, open the Python
Console and run QStandardPaths.standardLocations (QStandardPaths.AppDatalLocation)
to see the list of default directories.

The startup.py script is executed immediately upon initializing python in QGIS, early on in the start of the
application.

1.3.2 The PYQGIS_STARTUP environment variable

You can run Python code just before QGIS initialization completes by setting the PYQGIS__STARTUP environment
variable to the path of an existing Python file.

This code will run before QGIS initialization is complete. This method is very useful for cleaning sys.path, which
may have undesireable paths, or for isolating/loading the initial environment without requiring a virtual environment,
e.g. homebrew or MacPorts installs on Mac.

1.3.3 The —-code parameter

You can provide custom code to execute as startup paramteter to QGIS. To do so, create a python file, for example
ggis_init.py, to execute and start QGIS from the command line using gqgis —--code ggis_init.py.

Code provided via ——code is executed late in the QGIS initialization phase, after the application components have
been loaded.

1.3. Running Python code when QGIS starts 5
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1.3.4 Additional arguments for Python

To provide additional arguments for your ——code script or for other python code that is executed, you can use the
—-—py—args argument. Any argument coming after ——py-args and before a —— arg (if present) will be passed

to Python but ignored by the QGIS application itself.

In the following example, myfile.tif will be available via sys.argv in Python but will not be loaded by

QGIS. Whereas otherfile.tif will be loaded by QGIS but is not present in sys.argv.

[qgis —--code ggis_init.py —--py-args myfile.tif -- otherfile.tif

If you want access to every command line parameter from within Python, you can use QCoreApplication.

arguments ()

[QgsApplication.instance().arguments()

1.4 lMpunoxeHus Ha Python

It is often handy to create scripts for automating processes. With PyQGIS, this is perfectly possible — import the

qgis.core module, initialize it and you are ready for the processing.

Or you may want to create an interactive application that uses GIS functionality — perform measurements, export
amap as PDF, ... The qgis.gui module provides various GUI components, most notably the map canvas widget that
can be incorporated into the application with support for zooming, panning and/or any further custom map tools.

PyQGIS custom applications or standalone scripts must be configured to locate the QGIS resources, such as
projection information and providers for reading vector and raster layers. QGIS Resources are initialized by adding
a few lines to the beginning of your application or script. The code to initialize QGIS for custom applications and

standalone scripts is similar. Examples of each are provided below.

IIpumeuanue: Do not use ggis.py as aname for your script. Python will not be able to import the bindings as

the script’s name will shadow them.

1.4.1 Using PyQGIS in standalone scripts

To start a standalone script, initialize the QGIS resources at the beginning of the script:

from ggis.core import *

# Supply path to ggis install location
QgsBApplication.setPrefixPath ("/path/to/ggis/installation”, True)

# Create a reference to the QgsApplication. Setting the
# second argument to False disables the GUI.
ggs = QgsApplication([], False)

# Load providers
ggs.initQgis ()

# Write your code here to load some layers, use processing
# algorithms, etc.

# Finally, exitQgis () 1is called to remove the
# provider and layer registries from memory
qgs.exitQgis ()

6 CnaBa 1.
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First we import the qgis.core module and configure the prefix path. The prefix path is the location where QGIS
is installed on your system. It is configured in the script by calling the setPrefixPath () method. The second
argument of setPrefixPath () isset to True, specifying that default paths are to be used.

The QGIS install path varies by platform; the easiest way to find it for your system is to use the Scripting in the
Python Console from within QGIS and look at the output from running:

[QgsApplication.prefixPath() }

After the prefix path is configured, we save a reference to OgsApplication in the variable ggs. The second
argument is set to Fa 1 se, specifying that we do not plan to use the GUI since we are writing a standalone script. With
QgsApplication configured, we load the QGIS data providers and layer registry by calling the initQgis ()
method.

[qgs.inithis() ]

With QGIS initialized, we are ready to write the rest of the script. Finally, we wrap up by calling exitQgis () to
remove the data providers and layer registry from memory.

[qgs.exithis() }

1.4.2 Using PyQGIS in custom applications

The only difference between Using PyQGIS in standalone scripts and a custom PyQGIS application is the second
argument when instantiating the QgsApplication. Pass True instead of False to indicate that we plan to use
a GUL

from ggis.core import *

# Supply the path to the ggis install location
QgsBApplication.setPrefixPath ("/path/to/ggis/installation", True)

# Create a reference to the QgsApplication.
# Setting the second argument to True enables the GUI. We need
# this since this is a custom application.

qgs = QgsApplication([], True)

# load providers
ags.initQgis ()

# Write your code here to load some layers, use processing
# algorithms, etc.

# Finally, exitQgis () 1is called to remove the
# provider and layer registries from memory
ggs.exitQgis ()

Now you can work with the QGIS API - load layers and do some processing or fire up a GUI with a map canvas.
The possibilities are endless :-)

1.4. MNMpunoxeHuns Ha Python 7
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1.4.3 3anyck npunoxeHun

You need to tell your system where to search for QGIS libraries and appropriate Python modules if they are not in
a well-known location - otherwise Python will complain:

>>> import ggis.core
ImportError: No module named ggis.core

This can be fixed by setting the PYTHONPATH environment variable. In the following commands, <ggispath>
should be replaced with your actual QGIS installation path:

+ on Linux: export PYTHONPATH=/<qgispath>/share/qgis/python
¢ on Windows: set PYTHONPATH=c:\<ggispath>\python
¢ on macOS: export PYTHONPATH=/<qgispath>/Contents/Resources/python

Now, the path to the PyQGIS modules is known, but they depend on the ggis_core and ggis_gui libraries
(the Python modules serve only as wrappers). The path to these libraries may be unknown to the operating system,
and then you will get an import error again (the message might vary depending on the system):

>>> import ggis.core
ImportError: libggis_core.so.3.2.0: cannot open shared object file:
No such file or directory

Fix this by adding the directories where the QGIS libraries reside to the search path of the dynamic linker:
¢ on Linux: export LD_LIBRARY PATH=/<qgispath>/1lib

¢« on Windows: set PATH=C:\<ggispath>\bin;C:\<qgispath>\apps\<ggisrelease>\
bin; $PATHS where <ggisrelease> should be replaced with the type of release you are targeting (eg,
ggis-1ltr,ggis, ggis—-dev)

T KOMaH/Ibl MOJKHO BITUCATh B 3arPy30UHBIIl CKPHIIT, KOTOPBIN OyeT HACTpanBaTh CHCTEMY ITepe]l 3aIlyCKOM ITpH-
noxeHus. [Ipu pa3eepThIBaHUM NPHIIOKEHUH, Mcnob3ylomux PyQGIS, MoxkHO UCIOIBb30BaTh OJUH U3 ABYX CIIOCO-
60B:

* require the user to install QGIS prior to installing your application. The application installer should look for
default locations of QGIS libraries and allow the user to set the path if not found. This approach has the
advantage of being simpler, however it requires the user to do more steps.

* moctaeiaTe QGIS BMecTe co cBonM npunoxkenneM. [1oAroToBka B BHITYCKY CTaHET OoJiee CJIOKHON U pa3Mep
NPUJIOKEHHST BO3PACTET, HO 3aTO MOJIB30BATEIN OyIyT N30ABJIEHB OT HEOOXOAUMOCTH 3arpyXaTh M yCTaHAB-
JIMBATh JOTOJHUTENILHOE MTPOrpaMMHOE 0OeCIieueHHe.

The two deployment models can be mixed. You can provide a standalone applications on Windows and macOS, but
for Linux leave the installation of GIS up to the user and his package manager.

1.5 Technical notes on PyQt and SIP

We've decided for Python as it’s one of the most favoured languages for scripting. PyQGIS bindings in QGIS 3
depend on SIP and PyQt5. The reason for using SIP instead of the more widely used SWIG is that the QGIS code
depends on Qt libraries. Python bindings for Qt (PyQt) are done using SIP and this allows seamless integration of
PyQGIS with PyQt.
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Loading Projects

IMonckaska: The code snippets on this page need the following imports if you're outside the pyqgis console:

from ggis.core import (
Qgis,
QgsProject,
QgsPathResolver

from ggis.gui import (
QgsLayerTreeMapCanvasBridge,

Sometimes you need to load an existing project from a plugin or (more often) when developing a standalone QGIS
Python application (see: [Ipunodicenus na Python).

To load a project into the current QGIS application you need to create an instance of the QgsProject class. This
is a singleton class, so you must use its instance () method to do it. You can call its read () method, passing
the path of the project to be loaded:

# If you are not inside a QGIS console you first need to import

# ggis and PyQt classes you will use in this script as shown below:

from ggis.core import QgsProject

# Get the project instance

project = QgsProject.instance ()

# Print the current project file name (might be empty in case no projects have.
—~been loaded)

# print (project.fileName ())

# Load another project
project.read('testdata/01_project.qggs')
print (project.fileName ())

J

[testdata/Ol_project.qgs }

If you need to make modifications to the project (for example to add or remove some layers) and save your changes,
call the write () method of your project instance. The write () method also accepts an optional path for saving
the project to a new location:
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# Save the project to the same

project.write ()

# ... or to a new file

project.write ('testdata/my_new_ggis_project.qggs')

Both read () and write () functions return a boolean value that you can use to check if the operation was
successful.

IIpumeuanne: If you are writing a QGIS standalone application, in order to synchronise the loaded project with
the canvas you need to instantiate a QgsLayerTreeMapCanvasBridge as in the example below:

bridge = QgsLayerTreeMapCanvasBridge ( \
QgsProject.instance () .layerTreeRoot (), canvas)

# Now you can safely load your project and see it in the canvas

project.read('testdata/my_new_ggis_project.qggs"')

2.1 Resolving bad paths

It can happen that layers loaded in the project are moved to another location. When the project is loaded again all
the layer paths are broken. The OgsPathResolver class helps you rewrite layers path within the project.

Its setPathPreprocessor () method allows setting a custom path pre-processor function to manipulate paths
and data sources prior to resolving them to file references or layer sources.

The processor function must accept a single string argument (representing the original file path or data source) and
return a processed version of this path. The path pre-processor function is called before any bad layer handler. If
multiple preprocessors are set, they will be called in sequence based on the order in which they were originally set.

Some use cases:

1. replace an outdated path:

def my_processor (path) :
return path.replace('c:/Users/ClintBarton/Documents/Projects', 'x:/
—Projects/")

QgsPathResolver.setPathPreprocessor (my_processor)

2. replace a database host address with a new one:

-
def my_processor (path) :
return path.replace('host=10.1.1.115"', 'host=10.1.1.116")

QgsPathResolver.setPathPreprocessor (my_processor)

3. replace stored database credentials with new ones:

1 |def my_processor (path) :

2 path= path.replace("user="'gis_team'", "user='team_awesome'")
3 path = path.replace("password='cats'", "password='g7as!m*'")
4 return path

6 |QgsPathResolver.setPathPreprocessor (my_processor)
|

Likewise, a setPathWriter () method is available for a path writer function.

An example to replace the path with a variable:

10 Masa 2. Loading Projects
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def my_processor (path) :
return path.replace('c:/Users/ClintBarton/Documents/Projects', 'Sprojectdir$')

QgsPathResolver.setPathWriter (my_processor)

Both methods return an id that can be used to remove the pre-processor or writer they added. See
removePathPreprocessor () and removePathWriter ().

2.2 Using flags to speed up things

In some instances where you may not need to use a fully functional project, but only want to access it for a specific
reason, flags may be helpful. A full list of flags is available under ProjectReadF1lag. Multiple flags can be
added together.

As an example, if we do not care about actual layers and data and simply want to access a project (e.g. for layout or
3D view settings), we can use DontResolveLayers flag to bypass the data validation step and prevent the bad
layer dialog from appearing. The following can be done:

readflags = Qgis.ProjectReadFlags ()

readflags |= Qgis.ProjectReadFlag.DontResolvelayers

project = QgsProject ()
project.read('C:/Users/ClintBarton/Documents/Projects/mysweetproject.qgs’', .
—readflags)

To add more flags the python Bitwise OR operator ( | ) must be used.

2.2. Using flags to speed up things 11
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3arpys3ka Cnoés

IMonckaska: The code snippets on this page need the following imports:

import os # This is is needed in the pyqgis console also
from ggis.core import (
QgsVectorLayer

JaBaiite 3arpy3uM HECKOJIBKO CJIOEB ¢ JaHHBIMU. B QGIS cioun nenarcs Ha BeKTOpHbBIE U pacTpoBbie. Kpome Toro,
CYILIECTBYIOT MOJIb30BATENIbCKUE TUIIBI CJIOEB, HO UX 00CYK/IEHUE BBIXOIHT 32 PAMKH STOW KHHUTH.

3.1 BekTtopHble cnou

To create and add a vector layer instance to the project, specify the layer’s data source identifier, name for the layer
and provider’s name:

# get the path to the shapefile e.g. /home/project/data/ports.shp
path_to_airports_layer = "testdata/airports.shp"

# The format 1is:
# vlayer = QgsVectorLayer (data_source, layer_name, provider_name)

vlayer = QgsVectorLayer (path_to_airports_layer, "Airports layer", "ogr")
if not vlayer.isValid():

print ("Layer failed to load!")
else:

QgsProject.instance () .addMapLayer (vlayer)

WpentndukaTop MCTOYHMKA IAHHBIX 3TO CTPOKA, CHelnpUIHAas A1 KaKIO0ro IpoBaiiepa BEKTOPHBIX JaHHBIX. Ms
CJI0S1 KICTIOJIB3YETCS B BUIIKETE CITUCKA CIIOEB. HeoOX0auMO MpOBEPsATh YCIEITHO JIM 3aBEePIIIIACh 3arpy3Ka CJI0s W
HeT. B ciryyae kakux-Jinbo oImOOK BO3BpAIaeTCsl HeMPABUIbHBIA OOBEKT.

For a geopackage vector layer:

13
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# get the path to a geopackage e.g. /usr/share/qgis/resources/data/world_map.gpkg
path_to_gpkg = os.path.join(QgsApplication.pkgDataPath(), "resources", "data",
—"world_map.gpkg")
# append the layername part
gpkg_countries_layer = path_to_gpkg + "|layername=countries"
# e.g. gpkg_places_layer = "/usr/share/qgis/resources/data/world_map.
—gpkg/|layername=countries"
vlayer = QgsVectorLayer (gpkg_countries_layer, "Countries layer", "ogr")
if not vlayer.isValid():
print ("Layer failed to load!")
else:
QgsProject.instance () .addMaplLayer (vlayer)

The quickest way to open and display a vector layer in QGIS is the addVectorLayer () method of the
QgisInterface:

vlayer = iface.addVectorLayer (path_to_airports_layer, "Airports layer", "ogr")
if not vlayer:
print ("Layer failed to load!")

This creates a new layer and adds it to the current QGIS project (making it appear in the layer list) in one step. The
function returns the layer instance or None if the layer couldn’t be loaded.

Hwxe mokazaHo Kak TMOJIyYUTb JOCTYII K Pa3JIMYHBIM UCTOYHUKAM JAHHBIX UCIIOJIb3Y A HpOBaﬁHepH BEKTOPHBIX JaH-
HBIX:

* GDAL library (Shapefile and many other file formats) — data source is the path to the file:

— for Shapefile:
vlayer = QgsVectorlayer ("testdata/airports.shp", "layer name_you_like",
e 0 ogr " )
QgsProject.instance () .addMapLayer (vlayer)

for dxf (note the internal options in data source uri):

uri = "testdata/sample.dxf|layername=entities|geometrytype=Polygon"
vlayer = QgsVectorLayer (uri, "layer_name_you_like", "ogr")
QgsProject.instance () .addMapLayer (vlayer)

J

» PostGIS database - data source is a string with all information needed to create a connection to PostgreSQL
database.

OgsDataSourceUri class can generate this string for you. Note that QGIS has to be compiled with
Postgres support, otherwise this provider isn’t available:

1 |uri = QgsDataSourceUri ()

2 # set host name, port, database name, username and password

3 |uri.setConnection("localhost", "5432", "dbname", "johny", "xxx"

4 # set database schema, table name, geometry column and optionally

s | # subset (WHERE clause)

¢ |uri.setDataSource ("public", "roads", "the_geom", "cityid = 2643", "primary_key_
—field")

8 |vlayer = QgsVectorlLayer (uri.uri (False), "layer name you like", "postgres")
.

IIpumeuanne: The False argument passed to uri.uri (False) prevents the expansion of the
authentication configuration parameters, if you are not using any authentication configuration this argument
does not make any difference.

e CSV or other delimited text files — to open a file with a semicolon as a delimiter, with field «x» for X
coordinate and field «y» for Y coordinate you would use something like this:
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uri = "file://{}/testdata/delimited_xy.csv?delimiter={}&xField={}&yField={}".
—format (os.getcwd (), ";", "x", "y")

vliayer = QgsVectorLayer (uri, "layer name you like", "delimitedtext")
QgsProject.instance () .addMaplLayer (vlayer)

IIpumeuanne: The provider string is structured as a URL, so the path must be prefixed with file://.
Also it allows WKT (well known text) formatted geometries as an alternative to x and vy fields, and allows
the coordinate reference system to be specified. For example:

uri = "file:///some/path/file.csv?delimiter={}&crs=epsg:4723&wktField={}".
—format (";", "shape")

* GPX files — the «gpx» data provider reads tracks, routes and waypoints from gpx files. To open a file, the
type (track/route/waypoint) needs to be specified as part of the url:

uri = "testdata/layers.gpx?type=track"
vlayer = QgsVectorlLayer (uri, "layer name you like", "gpx")
QgsProject.instance () .addMapLayer (vlayer)

 SpatiaLite database — Similarly to PostGIS databases, OgsDataSourceUri can be used for generation
of data source identifier:

uri = QgsDataSourceUri ()
uri.setDatabase ('/home/martin/test-2.3.sqglite")

schema = "'
table = 'Towns'
geom_column = 'Geometry'

uri.setDataSource (schema, table, geom_column)

display_name = 'Towns'
vlayer = QgsVectorLayer (uri.uri(), display_name, 'spatialite')
QgsProject.instance () .addMaplLayer (vlayer)

MySQL WKB-based geometries, through GDAL — data source is the connection string to the table:

-

uri = "MySQL:dbname, host=localhost,port=3306,user=root,
—password=xxx|layername=my_table"

vlayer = QgsVectorLayer( uri, "my table", "ogr" )
QgsProject.instance () .addMapLayer (vlayer)

* WES connection: the connection is defined with a URI and using the WF'S provider:

uri = "https://demo.mapserver.org/cgi-bin/wfs?service=WFS&version=2.0.0&
—request=GetFeature&typename=ms:cities"

vlayer = QgsVectorlayer (uri, "my wfs layer", "WES")

.

The uri can be created using the standard ur11ib library:

-
import urllib

params = {
'service': 'WEFS',
'version': '2.0.0',
'request': 'GetFeature',
'typename': 'ms:cities',
'srsname': "EPSG:4326"
}
uri2 = 'https://demo.mapserver.org/cgi-bin/wfs?' + urllib.parse.unquote (urllib.

—parse.urlencode (params))

3.1.
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IIpumeuanue: You can change the data source of an existing layer by calling setDataSource () on a
QgsVectorLayer instance, as in the following example:

uri = "https://demo.mapserver.org/cgi-bin/wfs?service=WFS&version=2.0.0&
—request=GetFeature&typename=ms:cities"

provider_options = QgsDataProvider.ProviderOptions ()

# Use project's transform context

provider_options.transformContext = QgsProject.instance () .transformContext ()

vlayer.setDataSource (uri, "layer name you like", "WEFS", provider_options)

del (vlayer)

3.2 PacTtpoBble cnou

For accessing raster files, GDAL library is used. It supports a wide range of file formats. In case you have troubles
with opening some files, check whether your GDAL has support for the particular format (not all formats are
available by default). To load a raster from a file, specify its filename and display name:

# get the path to a tif file e.g. /home/project/data/srtm.tif
path_to_tif "ggis-projects/python_cookbook/data/srtm.tif"
rlayer = QgsRasterlayer (path_to_tif, "SRTM layer name")
if not rlayer.isValid():

print ("Layer failed to load!")

To load a raster from a geopackage:

# get the path to a geopackage e.g. /home/project/data/data.gpkg
path_to_gpkg = os.path.join(os.getcwd(), "testdata", "sublayers.gpkg")
# gpkg_raster_layer = "GPKG:/home/project/data/data.gpkg:srtm"
gpkg_raster_ layer = "GPKG:" + path_to_gpkg + ":srtm"

rlayer = QgsRasterlLayer (gpkg_raster_layer, "layer name you like", "gdal")

if not rlayer.isValid():
print ("Layer failed to load!")

Similarly to vector layers, raster layers can be loaded using the addRasterLayer function of the QgisInterface
object:

[iface.addRasterLayer(path_to_tif, "layer name you like")

This creates a new layer and adds it to the current project (making it appear in the layer list) in one step.
To load a PostGIS raster:

PostGIS rasters, similar to PostGIS vectors, can be added to a project using a URI string. It is efficient to keep a
reusable dictionary of strings for the database connection parameters. This makes it easy to edit the dictionary for
the applicable connection. The dictionary is then encoded into a URI using the ,,postgresraster” provider metadata
object. After that the raster can be added to the project.

uri_config = {
# database parameters
'dbname':'gis_db', # The PostgreSQL database to connect to.
'host':'localhost', # The host IP address or localhost.
'port':'5432", # The port to connect on.

'sslmode' :QgsDataSourceUri.SslDisable, # SslAllow, SslPrefer, SslRequire,.
—SslVerifyCa, SslVerifyFull
# user and password are not needed if stored in the authcfg or service

(continues on next page)
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(IPOJIOJIKEHHE C MTPEbIAYLIEH CTPaHULIBI)
'authcfg':'QconfigId', # The QOGIS athentication database ID holding.
—connection details.

'service': None, # The PostgreSQL service to be used for connection to.
—~the database.

'username' :None, # The PostgreSQL user name.

'password' :None, # The PostgreSQL password for the user.

# table and raster column details

'schema': 'public', # The database schema that the table is located in.

'table': 'my_rasters', # The database table to be loaded.

'geometrycolumn':'rast', # raster column in PostGIS table

'sgl' :None, # An SQL WHERE clause. It should be placed at the end.
—of the string.

'key' :None, # A key column from the table.

'srid' :None, # A string designating the SRID of the coordinate.
—reference system.

'estimatedmetadata':'False', # A boolean value telling if the metadata is.
—estimated.

'type' :None, # A WKT string designating the WKB Type.

'selectatid’ :None, # Set to True to disable selection by feature ID.

'options' :None, # other PostgreSQL connection options not in this 1ist.

'enableTime': None,
'temporalDefaultTime': None,
'temporalFieldIndex': None,
'mode':'2", # GDAL 'mode' parameter, 2 unions raster tiles, 1 adds.
—~tiles separately (may require user input)
}
# remove any NULL parameters
uri_config = {key:val for key, val in uri_config.items() if val is not None}
# get the metadata for the raster provider and configure the URI
md = QgsProviderRegistry.instance () .providerMetadata ('postgresraster")
uri = QgsDataSourceUri (md.encodeUri (uri_config))

# the raster can then be loaded into the project
rlayer = iface.addRasterLayer (uri.uri (False), "raster layer name", "postgresraster

:_)")

Raster layers can also be created from a WCS service:

layer_name = 'modis'
url = "https://demo.mapserver.org/cgi-bin/wcs?identifier={}".format (layer_name)
rlayer = QgsRasterlayer (uri, 'my wcs layer', 'wcs')

Here is a description of the parameters that the WCS URI can contain:

WCS URI is composed of key=value pairs separated by &. It is the same format like query string in URL, encoded
the same way. QgsDataSourceUri should be used to construct the URI to ensure that special characters are
encoded properly.

url (required) : WCS Server URL. Do not use VERSION in URL, because each version of WCS is using
different parameter name for GetCapabilities version, see param version.

identifier (required) : Coverage name

time (optional) : time position or time period (beginPosition/endPosition[/timeResolution])

format (optional) : Supported format name. Default is the first supported format with tif in name or the first
supported format.

crs (optional) : CRS in form AUTHORITY:ID, e.g. EPSG:4326. Default is EPSG:4326 if supported or the
first supported CRS.

username (optional) : Username for basic authentication.

password (optional) : Password for basic authentication.

3.2. Pactposble cnou 17
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* IgnoreGetMapUrl (optional, hack) : If specified (set to 1), ignore GetCoverage URL advertised by
GetCapabilities. May be necessary if a server is not configured properly.

¢ InvertAxisOrientation (optional, hack) : If specified (set to 1), switch axis in GetCoverage request. May be
necessary for geographic CRS if a server is using wrong axis order.

 IgnoreAxisOrientation (optional, hack) : If specified (set to 1), do not invert axis orientation according to
WCS standard for geographic CRS.

 cache (optional) : cache load control, as described in QNetworkRequest::CacheLoadControl, but request
is resend as PreferCache if failed with AlwaysCache. Allowed values: AlwaysCache, PreferCache,
PreferNetwork, AlwaysNetwork. Default is AlwaysCache.

Alternatively you can load a raster layer from WMS server. However currently it’s not possible to access
GetCapabilities response from API — you have to know what layers you want:

urlWithParams = "crs=EPSG:4326&format=image/png&layers=continentsé&styless
—url=https://demo.mapserver.org/cgi-bin/wms"
rlayer = QgsRasterlLayer (urlWithParams, 'some layer name', 'wms')
if not rlayer.isValid():
print ("Layer failed to load!")

3.3 QgsProject instance

If you would like to use the opened layers for rendering, do not forget to add them to the OgsProject instance.
The OgsProject instance takes ownership of layers and they can be later accessed from any part of the application
by their unique ID. When the layer is removed from the project, it gets deleted, too. Layers can be removed by the
user in the QGIS interface, or via Python using the removeMapLayer () method.

Adding a layer to the current project is done using the addMapLayer () method:

[QgsProject.instance().addMapLayer(rlayer) J

To add a layer at an absolute position:

# first add the layer without showing it
QgsProject.instance () .addMaplLayer (rlayer, False)

# obtain the layer tree of the top-level group in the project

layerTree = iface.layerTreeCanvasBridge () .rootGroup ()

# the position is a number starting from 0, with -1 an alias for the end
layerTree.insertChildNode (-1, QgsLayerTreelayer (rlayer))

If you want to delete the layer use the removeMapLayer () method:

# QgsProject.instance () .removeMapLayer (layer_id)
QgsProject.instance () .removeMaplayer (rlayer.id())

In the above code, the layer id is passed (you can get it calling the i d () method of the layer), but you can also pass
the layer object itself.

For a list of loaded layers and layer ids, use the mapLayers () method:

[QgsProject.instance().mapLayers() }
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rnasa 4

Accessing the Table Of Contents (TOC)

IMonckaska: The code snippets on this page need the following imports if you're outside the pyqgis console:

from ggis.core import (
QgsProject,
QgsVectorlayer,

You can use different classes to access all the loaded layers in the TOC and use them to retrieve information:
* QgsProject

* QgsLayerTreeGroup

4.1 The QgsProject class

You can use QgsProject to retrieve information about the TOC and all the layers loaded.
You have to create an instance of OgsProject and use its methods to get the loaded layers.

The main method is mapLayers (). It will return a dictionary of the loaded layers:

layers = QgsProject.instance () .maplLayers ()
print (layers)

|

‘{'countries_S9ae1b0f_f41b_4f42_bca4_caf55ddbe4b6': <QgsVectorLayer: 'countries'.
— (ogr) >}

|

The dictionary keys are the unique layer ids while the values are the related objects.

It is now straightforward to obtain any other information about the layers:

# list of layer names using list comprehension

1 = [layer.name () for layer in QgsProject.instance () .mapLayers () .values ()]
# dictionary with key = layer name and value = layer object

layers_1list = {}

for 1 in QgsProject.instance () .mapLayers () .values () :

(continues on next page)
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6 layers_list[l.name ()] = 1
7
s |print (layers_1list)

[{'countries‘: <QgsVectorLayer: 'countries' (ogr)>} }

You can also query the TOC using the name of the layer:

[country_layer = QgsProject.instance () .mapLayersByName ("countries") [0] J

IIpumeuanne: A list with all the matching layers is returned, so we index with [0] to get the first layer with this
name.

4.2 QgslLayerTreeGroup class

The layer tree is a classical tree structure built of nodes. There are currently two types of nodes: group nodes
(QgsLayerTreeGroup) and layer nodes (QgsLayerTreelLayer).

IIpumeuanne: for more information you can read these blog posts of Martin Dobias: Part 1 Part 2 Part 3

The project layer tree can be accessed easily with the method 1ayerTreeRoot () of the QgsProject class:

[root = QgsProject.instance () .layerTreeRoot () J

root is a group node and has children:

[root.children() J

A list of direct children is returned. Sub group children should be accessed from their own direct parent.

We can retrieve one of the children:

child0 = root.children() [0]
print (childO)
[<QgsLayerTreeLayer: countries> }

Layers can also be retrieved using their (unique) id:

ids = root.findLayerIds()
# access the first layer of the ids list
root.findLayer (ids[0])

And groups can also be searched using their names:

[root.findGroup('Group Name') ]

QgsLayerTreeGroup has many other useful methods that can be used to obtain more information about the
TOC:

# list of all the checked layers in the TOC
checked_layers = root.checkedLayers ()
print (checked_layers)
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[[<QgsVectorLayer: 'countries' (ogr)>] }

Now let’s add some layers to the project’s layer tree. There are two ways of doing that:

1. Explicit addition using the addLayer () or insertLayer () functions:

| | # create a temporary layer

2 |layerl = QgsVectorlayer ("path_to_layer", "Layer 1", "memory")
3 |# add the layer to the legend, last position

4+ | root.addLayer (layerl)

s |# add the layer at given position

6 |root.insertLayer (5, layerl)

2. Implicit addition: since the project’s layer tree is connected to the layer registry it is enough to add a layer
to the map layer registry:

[QgsProject.instance().addMapLayer(layerl) ]

You can switch between QgsVectorLayer and QgsLayerTreelLayer easily:

node_layer = root.findLayer (country_layer.id())
print ("Layer node:", node_layer)
print ("Map layer:", node_layer.layer())

Layer node: <QgsLayerTreelayer: countries>
Map layer: <QgsVectorLayer: 'countries' (ogr)>

J

Groups can be added with the addGroup () method. In the example below, the former will add a group to the end
of the TOC while for the latter you can add another group within an existing one:

node_groupl = root.addGroup ('Simple Group')
# add a sub-group to Simple Group
node_subgroupl = node_groupl.addGroup("I'm a sub group")

To moving nodes and groups there are many useful methods.
Moving an existing node is done in three steps:

1. cloning the existing node

2. moving the cloned node to the desired position

3. deleting the original node

# clone the group

cloned_groupl = node_groupl.clone ()

# move the node (along with sub-groups and layers) to the top
root.insertChildNode (0, cloned_groupl)

# remove the original node

root .removeChildNode (node_groupl)

It is a little bit more complicated to move a layer around in the legend:

# get a QgsVectorLayer

vl = QgsProject.instance () .mapLayersByName ("countries") [0]

# create a QgsLayerTreeLayer object from vl by its id

myvl = root.findLayer (vl.id())

# clone the myvl QgsLayerTreeLayer object

myvlclone = myvl.clone ()

# get the parent. If None (layer is not in group) returns ''
parent = myvl.parent ()

# move the cloned layer to the top (0)
parent.insertChildNode (0, myvlclone)

(continues on next page)
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# remove the original myvl
root.removeChildNode (myvl)

or moving it to an existing group:

# get a QgsVectorLayer

vl = QgsProject.instance () .mapLayersByName ("countries™”) [0]
# create a QgsLayerTreeLayer object from vl by its id
myvl = root.findLayer (vl.id())

# clone the myvl QgsLayerTreeLayer object

myvlclone = myvl.clone ()

# create a new group

groupl = root.addGroup ("Groupl")

# get the parent. If None (layer is not in group) returns
parent = myvl.parent ()

# move the cloned layer to the top (0)
groupl.insertChildNode (0, myvlclone)

# remove the QgsLayerTreelLayer from its parent

parent .removeChildNode (myvl)

rr

Some other methods that can be used to modify the groups and layers:

node_groupl = root.findGroup ("Groupl")

# change the name of the group
node_groupl.setName ("Group X")

node_layer2 = root.findLayer (country_layer.id())
# change the name of the layer
node_layer2.setName ("Layer X")

# change the visibility of a layer
node_groupl.setItemVisibilityChecked (True)
node_layer2.setItemVisibilityChecked (False)
# expand/collapse the group view
node_groupl.setExpanded (True)
node_groupl.setExpanded (False)
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IMonckaska: The code snippets on this page need the following imports if you're outside the pyqgis console:

from ggis.core import (
QgsRasterlayer,
QgsProject,
QgsPointXyY,
QgsRaster,
QgsRasterShader,
QgsColorRampShader,
QgsSingleBandPseudoColorRenderer,
QgsSingleBandColorDataRenderer,
QgsSingleBandGrayRenderer,

from ggis.PyQt.QtGui import (
QColor,

5.1 UHdpopmauumsa o cnoe

A raster layer consists of one or more raster bands — referred to as single band and multi band rasters. One band
represents a matrix of values. A color image (e.g. aerial photo) is a raster consisting of red, blue and green bands.
Single band rasters typically represent either continuous variables (e.g. elevation) or discrete variables (e.g. land
use). In some cases, a raster layer comes with a palette and the raster values refer to the colors stored in the palette.

The following code assumes rlayer is a QgsRasterLayer object.

rlayer = QgsProject.instance () .mapLayersByName ('srtm') [0]
# get the resolution of the raster in layer unit
print (rlayer.width (), rlayer.height())

[919 619
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# get the extent of the layer as QgsRectangle
print (rlayer.extent ())

<QgsRectangle: 20.06856808199999875 -34.27001076999999896, 20.83945284300000012 -
—33.75077500700000144>

# get the extent of the layer as Strings
print (rlayer.extent () .toString())

[20.0685680819999988,—34.2700107699999990 : 20.8394528430000001,-33.7507750070000014

# get the raster type: 0 = GrayOrUndefined (single band), 1 = Palette (single.
—~band), 2 = Multiband
print (rlayer.rasterType ())

[RasterLayerType.GrayOrUndefined

# get the total band count of the raster
print (rlayer.bandCount ())

|
|
|
|
: |
|
|
|
|

# get the first band name of the raster
print (rlayer.bandName (1))

[Band 1: Height

# get all the available metadata as a QgsLayerMetadata object
print (rlayer.metadata())

[<qgis._core.QgsLayerMetadata object at 0x13711d558>

5.2 Renderer

When araster layer is loaded, it gets a default renderer based on its type. It can be altered either in the layer properties
or programmatically.

To query the current renderer:

print (rlayer.renderer ())

<ggis._core.QgsSingleBandGrayRenderer object at 0x7f471clda8al>

singlebandgray

)
]
J
)

[prlnt rlayer.renderer () .type())

To set a renderer, use the setRenderer () method of QgsRasterLayer. There are a number of renderer
classes (derived from QgsRasterRenderer):

* QgsHillshadeRenderer
* QgsMultiBandColorRenderer

* QgsPalettedRasterRenderer
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* QgsRasterContourRenderer

* QgsSingleBandColorDataRenderer

* QgsSingleBandGrayRenderer

* QgsSingleBandPseudoColorRenderer

Single band raster layers can be drawn either in gray colors (low values = black, high values = white) or with a
pseudocolor algorithm that assigns colors to the values. Single band rasters with a palette can also be drawn using
the palette. Multiband layers are typically drawn by mapping the bands to RGB colors. Another possibility is to use
just one band for drawing.

5.2.1 OpgHoKaHanbHble pacTpbl

Let’s say we want a render single band raster layer with colors ranging from green to yellow (corresponding to pixel
values from 0 to 255). In the first stage we will prepare a QgsRasterShader object and configure its shader
function:

fcn = QgsColorRampShader ()

fcn.setColorRampType (QgsColorRampShader.Interpolated)

1st = [ QgsColorRampShader.ColorRampItem (0O, QColor (0,255,0)),
QgsColorRampShader.ColorRampItem (255, QColor (255,255,0)) ]

fcn.setColorRampItemList (1st)

shader = QgsRasterShader ()

shader.setRasterShaderFunction (fcn)

The shader maps the colors as specified by its color map. The color map is provided as a list of pixel values with
associated colors. There are three modes of interpolation:

¢ linear (Interpolated): the color is linearly interpolated from the color map entries above and below the
pixel value

* discrete (Discrete): the color is taken from the closest color map entry with equal or higher value
 exact (Exact): the color is not interpolated, only pixels with values equal to color map entries will be drawn

In the second step we will associate this shader with the raster layer:

renderer = QgsSingleBandPseudoColorRenderer (rlayer.dataProvider (), 1, shader) J

rlayer.setRenderer (renderer)

The number 1 in the code above is the band number (raster bands are indexed from one).

Finally we have to use the t riggerRepaint () method to see the results:

[rlayer.triggerRepaint()

5.2.2 MHorokaHanbHble pacTpbl

By default, QGIS maps the first three bands to red, green and blue to create a color image (this is the
MultiBandColor drawing style). In some cases you might want to override these setting. The following code
interchanges red band (1) and green band (2):

rlayer_multi = QgsProject.instance () .mapLayersByName ('multiband') [0]
rlayer_multi.renderer () .setGreenBand (1)
rlayer_multi.renderer () .setRedBand (2)

In case only one band is necessary for visualization of the raster, single band drawing can be chosen, either gray
levels or pseudocolor.

We have to use triggerRepaint () to update the map and see the result:
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[rlayer_multi.triggerRepaint() J

5.3 lMony4yeHue 3HayeHNH

Raster values can be queried using the sample () method of the QgsRasterDataProvider class. You have
to specify a QgsPoint XY and the band number of the raster layer you want to query. The method returns a tuple
with the value and True or False depending on the results:

[val, res = rlayer.dataProvider () .sample (QgsPointXY (20.50, -34), 1) }

Another method to query raster values is wusing the identify () method that returns a
OgsRasterIdentifyResult object.

ident = rlayer.dataProvider () .identify (QgsPointXY (20.5, -34), QgsRaster.
—IdentifyFormatValue)

if ident.isvValid{():
print (ident.results())

[{1: 323.0} }

In this case, the results () method returns a dictionary, with band indices as keys, and band values as values.
For instance, something like {1: 323.0}

5.4 Editing raster data

You can create a raster layer using the QgsRasterBlock class. For example, to create a 2x2 raster block with
one byte per pixel:

block = QgsRasterBlock (Qgis.Byte, 2, 2)
block.setData (b'\xaa\xbb\xcc\xdd')

Raster pixels can be overwritten thanks to the writeBlock () method. To overwrite existing raster data at position
0,0 by the 2x2 block:

provider = rlayer.dataProvider ()
provider.setEditable (True)
provider.writeBlock (block, 1, 0, 0)
provider.setEditable (False)
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IMonckaska: The code snippets on this page need the following imports if you're outside the pyqgis console:

from ggis.core import (

QgsApplication,
QgsDataSourceUri,
QgsCategorizedSymbolRenderer,
QgsClassificationRange,
QgsPointXY,

QgsProject,
QgsExpression,
QgsField,

QgsFields,

QgsFeature,
QgsFeatureRequest,
QgsFeatureRenderer,
QgsGeometry,
QgsGraduatedSymbolRenderer,
QgsMarkerSymbol,
QgsMessagelog,
QgsRectangle,
QgsRendererCategory,
QgsRendererRange,
QgsSymbol,
QgsVectorDataProvider,
QgsVectorlLayer,
QgsVectorFileWriter,
QgsWkbTypes,
QgsSpatiallIndex,
QgsVectorLayerUtils

from ggis.core.additions.edit import edit

from ggis.PyQt.QtGui import (

QColor,
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10T pas3aesr OnnChIBAET Pa3JINYHBIE ,Z[eﬁCTBPIH, KOTOPBIE MOKHO BBITIOJTHATH C BEKTOPHBIMU CJIOAMU.

Most work here is based on the methods of the QgsVectorLayer class.

6.1 Retrieving information about attributes

You can retrieve information about the fields associated with a vector layer by calling fields () on a
OgsVectorLayer object:

vlayer = QgsVectorLayer ("testdata/airports.shp", "airports", "ogr")
for field in vlayer.fields():
print (field.name (), field.typeName ())

ID Integeré64d
fk_region Integer64
ELEV Real

NAME String

USE String

J

The displayField () andmapTipTemplate () methods provide information on the field and template used
in the maptips tab.

When you load a vector layer, a field is always chosen by QGIS as the Display Name, while the HTML Map
Tip is empty by default. With these methods you can easily get both:

vlayer = QgsVectorlayer ("testdata/airports.shp", "airports", "ogr")
print (vlayer.displayField())

(o ]

IIpumeuanne: If you change the Display Name from a field to an expression, you have to use
displayExpression () instead of displayField ().

6.2 O6x0,0 06bEKTOB BEKTOPHOIO C/NOS

Iterating over the features in a vector layer is one of the most common tasks. Below is an example of the simple
basic code to perform this task and showing some information about each feature. The 1ayer variable is assumed
to have a QgsVectorLayer object.

# "layer" is a QgsVectorLayer instance
layer = iface.activelayer ()
features = layer.getFeatures()

for feature in features:
# retrieve every feature with its geometry and attributes
print ("Feature ID: ", feature.id())
# fetch geometry
# show some information about the feature geometry

geom = feature.geometry ()
geomSingleType = QgsWkbTypes.isSingleType (geom.wkbType ())
if geom.type () == QgsWkbTypes.PointGeometry:

# the geometry type can be of single or multi type
if geomSingleType:

x = geom.asPoint ()

print ("Point: ", x)

(continues on next page)
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else:
x = geom.asMultiPoint ()
print ("MultiPoint: ", Xx)
elif geom.type () == QgsWkbTypes.LineGeometry:
if geomSingleType:
x = geom.asPolyline ()
print ("Line: ", x, "length: ", geom.length())
else:
X = geom.asMultiPolyline ()
print ("MultilLine: ", x, "length: ", geom.length())
elif geom.type () == QgsWkbTypes.PolygonGeometry:
if geomSingleType:
x = geom.asPolygon ()

print ("Polygon: ", x, "Area: ", geom.area())
else:

x = geom.asMultiPolygon ()

print ("MultiPolygon: ", x, "Area: ", geom.area())

else:
print ("Unknown or invalid geometry")
# fetch attributes
attrs = feature.attributes|()
# attrs is a list. It contains all the attribute values of this feature
print (attrs)
# for this test only print the first feature
break

Feature ID: 1
Point: <QgsPointXY: POINT (7 45)>
[1, '"First feature']

6.3 Selecting features

In QGIS desktop, features can be selected in different ways: the user can click on a feature, draw a rectangle on
the map canvas or use an expression filter. Selected features are normally highlighted in a different color (default

is yellow) to draw user’s attention on the selection.
Sometimes it can be useful to programmatically select features or to change the default color.

To select all the features, the selectAll () method can be used:

# Get the active layer (must be a vector layer)
layer = iface.activelayer ()
layer.selectAll ()

To select using an expression, use the selectByExpression () method:

# Assumes that the active layer is points.shp file from the QGIS test suite

# (Class (string) and Heading (number) are attributes in points.shp)

layer = iface.activelayer ()

layer.selectByExpression ('"Class"=\"'B52\' and "Heading" > 10 and "Heading" <70', .
—QgsVectorLayer.SetSelection)

To change the selection color you can use setSelectionColor () method of QgsMapCanvas as shown in

the following example:

[iface.mapCanvas().setSelectionColor( QColor ("red™) )

)

To add features to the selected features list for a given layer, you can call select () passing to it the list of features

IDs:

6.3. Selecting features
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selected_fid = []

# Get the first feature id from the layer
feature = next (layer.getFeatures())
if feature:

selected_fid.append (feature.id())

# Add that features to the selected list
layer.select (selected_fid)

To clear the selection:

[layer.removeSelection()

6.3.1 Accessing attributes

Attributes can be referred to by their name:

[print(feature['name'])

[First feature

Alternatively, attributes can be referred to by index. This is a bit faster than using the name. For example, to get the
second attribute:

[print(feature[l])

[First feature

6.3.2 lterating over selected features

If you only need selected features, you can use the selectedFeatures () method from the vector layer:

selection = layer.selectedFeatures ()

for feature in selection:
# do whatever you need with the feature
pass

6.3.3 lterating over a subset of features

If you want to iterate over a given subset of features in a layer, such as those within a given area, you have to add a
OgsFeatureRequest object to the getFeatures () call. Here’s an example:

areaOfInterest = QgsRectangle (450290,400520, 450750,400780)
request = QgsFeatureRequest () .setFilterRect (areaOfInterest)
for feature in layer.getFeatures (request) :

# do whatever you need with the feature
pass

For the sake of speed, the intersection is often done only using feature’s bounding box. There is however a flag
ExactIntersect that makes sure that only intersecting features will be returned:

request = QgsFeatureRequest () .setFilterRect (areaOfInterest) \
.setFlags (QgsFeatureRequest .ExactIntersect)
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With setLimit () you can limit the number of requested features. Here’s an example:

request = QgsFeatureRequest ()

request.setlLimit (2)

for feature in layer.getFeatures (request) :
print (feature)

<ggis._core.QgsFeature object at 0x7£9078590948>

<ggis._core.QgsFeature object at 0x7faef5881670>

If you need an attribute-based filter instead (or in addition) of a spatial one like shown in the examples above, you
can build a QgsExpression object and pass it to the QgsFeatureRequest constructor. Here’s an example:

# The expression will filter the features where the field "location_name"
# contains the word "Lake" (case insensitive)

exp = QgsExpression('location_name ILIKE \'<$%Lake3\'')

request = QgsFeatureRequest (exp)

See Bwipagwcerus, purempayus u eviuucnenue 3sHauenuii for the details about the syntax supported by
QgsExpression

The request can be used to define the data retrieved for each feature, so the iterator returns all features, but returns
partial data for each of them.

# Only return selected fields to increase the "speed" of the request
request.setSubsetOfAttributes ([0,2])

# More user friendly version
request.setSubsetOfAttributes(['name', 'id'], layer.fields())

# Don't return geometry objects to increase the '"speed" of the request
request.setFlags (QgsFeatureRequest .NoGeometry)

# Fetch only the feature with id 45
request.setFilterFid (45)

# The options may be chained
request.setFilterRect (areaOfInterest) .setFlags (QgsFeatureRequest .NoGeometry) .

—setFilterFid (45) .setSubsetOfAttributes ([0,2])

6.4 PepakTtupoBaHue BEKTOPHbIX C/I0EB

Most vector data providers support editing of layer data. Sometimes they support just a subset of possible editing
actions. Use the capabilities () function to find out what set of functionality is supported.

caps = layer.dataProvider () .capabilities|()

# Check if a particular capability is supported:

if caps & QgsVectorDataProvider.DeleteFeatures:
print ('The layer supports DeleteFeatures')

[The layer supports DeleteFeatures }

For a list of all available capabilities, please refer to the APT Documentation of
QgsVectorDataProvider

To print layer’s capabilities textual description in a comma separated list you can use capabilitiesString ()
as in the following example:
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caps_string = layer.dataProvider () .capabilitiesString/()

# Print:

# 'Add Features, Delete Features, Change Attribute Values, Add Attributes,
# Delete Attributes, Rename Attributes, Fast Access to Features at ID,

# Presimplify Geometries, Presimplify Geometries with Validity Check,

# Transactions, Curved Geometries'

By using any of the following methods for vector layer editing, the changes are directly committed to the underlying
data store (a file, database etc). In case you would like to do only temporary changes, skip to the next section that
explains how to do modifications with editing buffer.

IIpumeuanne: If you are working inside QGIS (either from the console or from a plugin), it might be necessary
to force a redraw of the map canvas in order to see the changes you've done to the geometry, to the style or to the
attributes:

# If caching is enabled, a simple canvas refresh might not be sufficient
# to trigger a redraw and you must clear the cached image for the layer
if iface.mapCanvas () .isCachingEnabled() :

layer.triggerRepaint ()
else:

iface.mapCanvas () .refresh ()

6.4.1 Oob6aBneHue o6beKTOB

Create some QgsFeature instances and pass a list of them to provider’s addFeatures () method. It will return
two values: result (True or False) and list of added features (their ID is set by the data store).

To set up the attributes of the feature, you can either initialize the feature passing a QgsFields object (you can
obtain that from the fields () method of the vector layer) or call initAttributes () passing the number of
fields you want to be added.

if caps & QgsVectorDataProvider.AddFeatures:
feat = QgsFeature (layer.fields())
feat.setAttributes ([0, 'hello'])
# Or set a single attribute by key or by index:
feat.setAttribute ('name', 'hello')
feat.setAttribute (0, 'hello')
feat.setGeometry (QgsGeometry.fromPointXY (QgsPointXY (123, 456)))
(res, outFeats) = layer.dataProvider () .addFeatures ([feat])

6.4.2 YnaneHune o6bekToB

To delete some features, just provide a list of their feature IDs.

if caps & QgsVectorDataProvider.DeleteFeatures:
res = layer.dataProvider () .deleteFeatures([5, 10])
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6.4.3 U3MmeHeHne o6bekToB

It is possible to either change feature’s geometry or to change some attributes. The following example first changes
values of attributes with index 0 and 1, then it changes the feature’s geometry.

fid = 100 # ID of the feature we will modify

if caps & QgsVectorDataProvider.ChangeAttributeValues:
attrs = { 0 : "hello", 1 : 123 }
layer.dataProvider () .changeAttributeValues ({ fid : attrs })

if caps & QgsVectorDataProvider.ChangeGeometries:
geom = QgsGeometry.fromPointXY (QgsPointXY (111,222))
layer.dataProvider () .changeGeometryValues ({ fid : geom })

Coget: Favor QgsVectorLayerEditUtils class for geometry-only edits

If you only need to change geometries, you might consider using the QgsVectorLayerEditUtils which
provides some useful methods to edit geometries (translate, insert or move vertex, etc.).

6.4.4 PepaktupoBaHue BEKTOPHbIX CNIOEB C UCNoNb3oBaHueM bydepa nameHe-
HUKA

When editing vectors within QGIS application, you have to first start editing mode for a particular layer, then
do some modifications and finally commit (or rollback) the changes. All the changes you make are not written
until you commit them — they stay in layer’s in-memory editing buffer. It is possible to use this functionality also
programmatically — it is just another method for vector layer editing that complements the direct usage of data
providers. Use this option when providing some GUI tools for vector layer editing, since this will allow user to
decide whether to commit/rollback and allows the usage of undo/redo. When changes are committed, all changes
from the editing buffer are saved to data provider.

The methods are similar to the ones we have seen in the provider, but they are called on the OQgsVectorLayer
object instead.

For these methods to work, the layer must be in editing mode. To start the editing mode, use the startEditing ()
method. To stop editing, use the commitChanges () or rol1Rack () methods. The first one will commit all
your changes to the data source, while the second one will discard them and will not modify the data source at all.

To find out whether a layer is in editing mode, use the isEditable () method.

Here you have some examples that demonstrate how to use these editing methods.

from ggis.PyQt.QtCore import QVariant

featl = feat2 = QgsFeature(layer.fields())
fid = 99
featl.setId(fid)

# add two features (QgsFeature instances)
layer.addFeatures ([featl, feat2])

# delete a feature with specified ID
layer.deleteFeature (fid)

# set new geometry (QgsGeometry instance) for a feature

geometry = QgsGeometry.fromWkt ("POINT (7 45)")
layer.changeGeometry (fid, geometry)

# update an attribute with given field index (int) to a given value
fieldIndex =1

value ='My new name'

(continues on next page)
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layer.changeAttributeValue (fid, fieldIndex, value)

# add new field

layer.addAttribute (QgsField ("mytext", QVariant.String))
# remove a field

layer.deleteAttribute (fieldIndex)

In order to make undo/redo work properly, the above mentioned calls have to be wrapped into undo commands. (If
you do not care about undo/redo and want to have the changes stored immediately, then you will have easier work
by editing with data provider.)

Here is how you can use the undo functionality:

layer.beginEditCommand ("Feature triangulation")
# ... call layer's editing methods
if problem_occurred:
layer.destroyEditCommand ()
# ... tell the user that there was a problem
# and return

# ... more editing ..

layer.endEditCommand ()

The beginEditCommand () method will create an internal «active» command and will record subsequent
changes in vector layer. With the call to endEditCommand () the command is pushed onto the undo stack
and the user will be able to undo/redo it from GUI. In case something went wrong while doing the changes, the
destroyEditCommand () method will remove the command and rollback all changes done while this command
was active.

You can also use the with edit (layer) -statement to wrap commit and rollback into a more semantic code
block as shown in the example below:

with edit (layer):
feat = next (layer.getFeatures())
feat [0] = 5
layer.updateFeature (feat)

This will automatically call commitChanges () in the end. If any exception occurs, it will rol1Back () all
the changes. In case a problem is encountered within commitChanges () (when the method returns False) a
0gsEditError exception will be raised.

6.4.5 Oo6aBneHue n ynaneHme nonen

To add fields (attributes), you need to specify a list of field definitions. For deletion of fields just provide a list of
field indexes.

from ggis.PyQt.QtCore import QVariant

if caps & QgsVectorDataProvider.AddAttributes:
res = layer.dataProvider () .addAttributes (
[QgsField ("mytext", QVariant.String),
QgsField ("myint", QVariant.Int)])

if caps & QgsVectorDataProvider.DeleteAttributes:
res = layer.dataProvider () .deleteAttributes ([0])
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# Alternate methods for removing fields

# first create temporary fields to be removed (f1-3)

layer.dataProvider () .addAttributes ([QgsField ("f1",QVariant.Int),QgsField("f2",
—QVariant.Int),QgsField("£3",QVariant.Int)])

layer.updateFields ()

count=layer.fields () .count () # count of layer fields

ind_list=list ((count—-3, count-2)) # create list

# remove a single field with an index
layer.dataProvider () .deleteAttributes ([count-1])

# remove multiple fields with a list of indices
layer.dataProvider () .deleteAttributes (ind_list)

J

After adding or removing fields in the data provider the layer’s fields need to be updated because the changes are
not automatically propagated.

[layer.updateFields() ]

Coget: Directly save changes using with based command

Using with edit (layer) : the changes will be committed automatically calling commitChanges () at
the end. If any exception occurs, it will rol1Back () all the changes. See Pedaxmuposanue éexmopnuix caoée ¢
ucnonwvzosanuem oyghepa uzmeHenui.

6.5 Ucnonb3oBaHue NPOCTPaHCTBEHHOro MHAEKCca

Spatial indexes can dramatically improve the performance of your code if you need to do frequent queries to a
vector layer. Imagine, for instance, that you are writing an interpolation algorithm, and that for a given location you
need to know the 10 closest points from a points layer, in order to use those point for calculating the interpolated
value. Without a spatial index, the only way for QGIS to find those 10 points is to compute the distance from each
and every point to the specified location and then compare those distances. This can be a very time consuming task,
especially if it needs to be repeated for several locations. If a spatial index exists for the layer, the operation is much
more effective.

Think of a layer without a spatial index as a telephone book in which telephone numbers are not ordered or indexed.
The only way to find the telephone number of a given person is to read from the beginning until you find it.

Spatial indexes are not created by default for a QGIS vector layer, but you can create them easily. This is what you
have to do:

e create spatial index using the QgsSpatialIndex class:

[index = QgsSpatialIndex () }

¢ add features to index — index takes QgsFeature object and adds it to the internal data structure. You can
create the object manually or use one from a previous call to the provider’s getFeatures () method.

[index.addFeature(feat) J

« alternatively, you can load all features of a layer at once using bulk loading

[index = QgsSpatialIndex (layer.getFeatures()) J

* once spatial index is filled with some values, you can do some queries
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1 | # returns array of feature IDs of five nearest features
> |nearest = index.nearestNeighbor (QgsPointXY (25.4, 12.7), 5)

4 | # returns array of IDs of features which intersect the rectangle
5 |intersect = index.intersects (QgsRectangle(22.5, 15.3, 23.1, 17.2))

You can also use the QgsSpatialIndexKDBush spatial index. This index is similar to the standard
QgsSpatialIndex but:

* supports only single point features

* is static (no additional features can be added to the index after the construction)

« is much faster!

« allows direct retrieval of the original feature’s points, without requiring additional feature requests

e supports true distance based searches, i.e. return all points within a radius from a search point

6.6 The QgsVectorLayerUtils class

The QgsVectorLayerUtils class contains some very useful methods that you can use with vector layers.

For example the createFeature () method prepares a QgsFeature to be added to a vector layer keeping all
the eventual constraints and default values of each field:

vlayer = QgsVectorLayer ("testdata/airports.shp", "airports", "ogr")
feat = QgsVectorlayerUtils.createFeature (vlayer)

The getValues () method allows you to quickly get the values of a field or expression:

vlayer = QgsVectorlayer ("testdata/airports.shp", "airports", "ogr")

# select only the first feature to make the output shorter
vlayer.selectByIds([1])

val = QgsVectorLayerUtils.getValues (vlayer, "NAME", selectedOnly=True)
print (val)

[(['AMBLER'], True) J

6.7 Creating Vector Layers

There are several ways to generate a vector layer dataset:

e the QgsVectorFileWriter class: A convenient class for writing vector files to disk, using either a static
call to writeAsVectorFormatV3 () which saves the whole vector layer or creating an instance of the
class and issue calls to addFeature (). This class supports all the vector formats that GDAL supports
(GeoPackage, Shapefile, GeoJSON, KML and others).

* the QgsVectorLayer class: instantiates a data provider that interprets the supplied path (url) of the data
source to connect to and access the data. It can be used to create temporary, memory-based layers (memory)
and connect to GDAL vector datasets (ogr), databases (postgres, spatialite, mysqgl, mssgl) and
more (wfs, gpx, delimitedtext...).
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6.7.1 From an instance of QgsVectorFileWriter

# SaveVectorOptions contains many settings for the writer process

save_options = QgsVectorFileWriter.SaveVectorOptions ()

transform_context = QgsProject.instance () .transformContext ()

# Write to a GeoPackage (default)

error = QgsVectorFileWriter.writeAsVectorFormatV3 (layer,
"testdata/my_new_file.gpkg",
transform_context,
save_options)

if error[0] == QgsVectorFileWriter.NoError:

print ("success!")
else:
print (error)

# Write to an ESRI Shapefile format dataset using UTF-8 text encoding

save_options = QgsVectorFileWriter.SaveVectorOptions ()

save_options.driverName = "ESRI Shapefile"

save_options.fileEncoding = "UTE-8"

transform_context = QgsProject.instance () .transformContext ()

error = QgsVectorFileWriter.writeAsVectorFormatV3 (layer,
"testdata/my_new_shapefile",
transform_context,
save_options)

if error([0] == QgsVectorFileWriter.NoError:

print ("success again!")
else:
print (error)

# Write to an ESRI GDB file

save_options = QgsVectorFileWriter.SaveVectorOptions ()

save_options.driverName = "FileGDB"

# 1f no geometry

save_options.overrideGeometryType = QgsWkbTypes.Unknown
save_options.actionOnExistingFile = QgsVectorFileWriter.CreateOrOverwritelayer

save_options.layerName = 'my_new_layer_name'

transform_context = QgsProject.instance () .transformContext ()

gdb_path = "testdata/my_example.gdb"

error = QgsVectorFileWriter.writeAsVectorFormatV3 (layer,
gdb_path,
transform_context,
save_options)

if error[0] == QgsVectorFileWriter.NoError:

print ("success!")
else:

print (error)

You can also convert fields to make them compatible with different formats by using the
FieldValueConverter. For example, to convert array variable types (e.g. in Postgres) to a text type,
you can do the following:

LIST_FIELD_NAME = 'xxxx'
class ESRIValueConverter (QgsVectorFileWriter.FieldValueConverter) :
def _ init__ (self, layer, list_field):
QgsVectorFileWriter.FieldValueConverter.__init__ (self)
self.layer = layer

self.list_field idx = self.layer.fields () .indexFromName (1list_field)

def convert (self, fieldIdxInLayer, value):

(continues on next page)
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if fieldIdxInLayer == self.list_field_ idx:
return QgsListFieldFormatter () .representValue (layer=vlayer,
fieldIndex=self.list_field_idx,
config={},
cache=None,
value=value)
else:

return value

def fieldDefinition(self, field):
idx = self.layer.fields () .indexFromName (field.name ())
if idx == self.list_field_idx:
return QgsField (LIST_FIELD_NAME, QVariant.String)
else:
return self.layer.fields () [idx]

converter = ESRIValueConverter (vliayer, LIST_FIELD_NAME)
opts = QgsVectorFileWriter.SaveVectorOptions ()
opts.fieldValueConverter = converter

A destination CRS may also be specified — if a valid instance of OgsCoordinateReferenceSystem is
passed as the fourth parameter, the layer is transformed to that CRS.

For valid driver names please call the supportedFiltersAndFormats () method or consult the supported
formats by OGR — you should pass the value in the «Code» column as the driver name.

Optionally you can set whether to export only selected features, pass further driver-specific options for creation
or tell the writer not to create attributes... There are a number of other (optional) parameters; see the
QgsVectorFileWriter documentation for details.

6.7.2 Directly from features

from ggis.PyQt.QtCore import QVariant

# define fields for feature attributes. A QgsFields object is needed
fields = QgsFields()

fields.append (QgsField ("first", QVariant.Int))

fields.append (QgsField ("second", QVariant.String))

""r create an instance of vector file writer, which will create the vector file.
Arguments:
1. path to new file (will fail if exists already)
2. field map
3. geometry type - from WKBTYPE enum
4. layer's spatial reference (instance of
QgsCoordinateReferenceSystem)
5. coordinate transform context
6. save options (driver name for the output file, encoding etc.)

mn

crs = QgsProject.instance () .crs()

transform_context = QgsProject.instance () .transformContext ()
save_options = QgsVectorFileWriter.SaveVectorOptions ()
save_options.driverName = "ESRI Shapefile"
save_options.fileEncoding = "UTE-8"

writer = QgsVectorFileWriter.create (
"testdata/my_new_shapefile.shp",
fields,
QgsWkbTypes.Point,
(continues on next page)
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crs,
transform_context,
save_options

if writer.hasError() !'= QgsVectorFileWriter.NoError:
print ("Error when creating shapefile: ", writer.errorMessage () )

# add a feature
fet = QgsFeature ()

fet.setGeometry (QgsGeometry. fromPointXY (QgsPointXY (10,10)))
fet.setAttributes ([1, "text"])
writer.addFeature (fet)

# delete the writer to flush features to disk
del writer

6.7.3 From an instance of QgsVectorLayer

Among all the data providers supported by the OQgsVectorLayer class, let’s focus on the memory-based layers.
Memory provider is intended to be used mainly by plugin or 3rd party app developers. It does not store data on disk,
allowing developers to use it as a fast backend for some temporary layers.

IMposaiigep noanep:KMBaeT CTPOKOBBIE U LIEJIOUNCIIEHHbIE N10JI5, & TAKKe IMOJIs C IUIABAIOILEH 3alAToM.

The memory provider also supports spatial indexing, which is enabled by calling the provider’s
createSpatialIndex () function. Once the spatial index is created you will be able to iterate over
features within smaller regions faster (since it’s not necessary to traverse all the features, only those in specified
rectangle).

A memory provider is created by passing "memory" as the provider string to the QgsVectorLayer constructor.

The constructor also takes a URI defining the geometry type of the layer, one of: "Point™", "LineString",
"Polygon", "MultiPoint", "MultiLineString", "MultiPolygon" or "None".

The URI can also specify the coordinate reference system, fields, and indexing of the memory provider in the URL.
The syntax is:

crs=definition
Specifies the coordinate reference system, where definition may be any of the forms accepted by
QgsCoordinateReferenceSystem.createFromString ()

index=yes
Onpepernsier OyzeT U IPOBaK/iep UCIOJIB30BATh IPOCTPAHCTBEHHbBIA MHJIEKC

field=name:type(length,precision)
Bamaer atpuOyThl cinost. Kaxaplil aTpuOyT UMeeT UMsl U, OIIMOHATBLHO, TUI (LIEJIOe YKCIIO, BEIeCTBEHHOE
YKCJIO WM CTPOKA), JUIMHY U TOYHOCTh. TaKuX ONMUCAHUI MOXKET ObITh HECKOJIBKO.

The following example of a URI incorporates all these options

["Point?crs:epsg:4326&field:id:integer&field:name:string(20)&index:yes" }

The following example code illustrates creating and populating a memory provider

from ggis.PyQt.QtCore import QVariant
# create layer
vl = QgsVectorLayer ("Point", "temporary_points", "memory")

pr = vl.dataProvider ()

(continues on next page)
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https://qgis.org/pyqgis/3.34/core/QgsVectorLayer.html#qgis.core.QgsVectorLayer
https://qgis.org/p