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Lesson 06 - Basic functions for vector data processing

L) uiseon | e &

Topics

e SELECT
e Basic functions - vector data

® Vector layer spatial operations
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QGIS documentation

https://docs.qgis.org/3.28/en/docs/user_manual/index.html

https://docs.qgis.org/3.28/en/docs/gentle_gis_introduction

menu HELP — Help Contents:

some menu functions - example
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ArcGIS Pro documentation

https://pro.arcgis.com/en/pro-app/latest/get-started/get-started.htm

https://pro.arcgis.com/en/pro-app/latest/help/main/welcome-to-the-arcgis-pro-app-help.htm

context HELP — Help Contents
detailed help, e.g.: https://pro.arcgis.com/en/pro-a st/tool-reference/analysis/pairwise-

dissolve.htm

W

v outeur
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https://docs.qgis.org/3.28/en/docs/user_manual/index.html
https://docs.qgis.org/3.28/en/docs/gentle_gis_introduction
https://pro.arcgis.com/en/pro-app/latest/get-started/get-started.htm
https://pro.arcgis.com/en/pro-app/latest/help/main/welcome-to-the-arcgis-pro-app-help.htm
https://pro.arcgis.com/en/pro-app/latest/tool-reference/analysis/pairwise-dissolve.htm

Relation
. . (Layer)
Basic functions - vector data ‘, Y ,
Spatial Non-spatial
attributes «—— attributes
(geometric (attributes
Spatial operations are based on Euclidean geometry attributes) table)

e Mathematical system to study shapes, sizes and positions of figures in space

e based on axioms & postulates describing the properties of space in 2D & 3D

e Characterised by:

o Flat space: geometry assumes that space is flat, not curved

o Parallel lines: 2 parallel lines never intersect, no matter how far they extend

o Sum of Angles: The sum of angles in a triangle is always 180 degrees

o Pythagorean Theorem: The square of the hypotenuse equals the sum of squares of the other 2 sides in a

right-angled triangle

e Euclidean geometry deals with:

o Points o Polygons
o Lines o Circles
o Planes o Three-dimensional shapes
o Angles (e.g., cubes, spheres)
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r Relation
. . (Layer)
Basic functions - vector data , ,
Spatial Non-spatial
attributes «— attributes
SELECT: (geometric (attributes
. attributes) table)

e by ATTRIBUTE values
o logical operators: AND, OR, NOT
o relational operators: =, <>, <, >, >=, <=
o other operators: LIKE, ILIKE, IN
o and also
» arithmetic operators: +, -, *, /, %, »

m other operators/functions, such as: ||, concat(), ...

e by LOCATION

o spatial operators such as
= CONTAINS
m INTERSECTS
= WITHIN A DISTANCE
= WITHIN
m ARE IDENTICALTO

BOUNDARY TOUCHES

SHARE A LINE SEGMENT WITH
CROSSED BY THE OUTLINE
HAVE THEIR CENTER IN
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Relation
Basic functions - vector data £ e

Spatial Non-spatial
attributes «—— attributes
(geometric (attributes
e Operation with only one input layer attributes) table)

o Feature to point (ArcGIS), Centroids (QGIS)

MULTIPOINT INPUT LINE INPUT POLYGON INPUT
™ Multipoint A Multipart line
FE) (AR 6 O
{/ & D
[ attipart pabrgon
d attributes of the input features will be

¥ ¥ v maintained in the output feature class

ouTPuT ouTPUT ouTPuUT
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Relation
r (Layer)

Basic functions - vector data

Spatial Non-spatial
attributes «—— attributes
(geometric (attributes
e Operation with only one input layer attributes) table)

o Multipart to Singlepart (ArcGIS/QGIS)

G WinCos81003: Fasures Ttal: 1, il o x Q Wik 0p - Featwws ok 55— O %
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https://pro.arcgis.com/en/pro-app/latest/tool-reference/data-management/feature-to-point.htm
https://docs.qgis.org/3.22/en/docs/user_manual/processing_algs/qgis/vectorgeometry.html?highlight=dissolve#centroids
https://pro.arcgis.com/en/pro-app/latest/tool-reference/data-management/multipart-to-singlepart.htm
https://docs.qgis.org/3.22/en/docs/user_manual/processing_algs/qgis/vectorgeometry.html?highlight=dissolve#multipart-to-singleparts
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r Relation
. = (Layer)
Basic functions - vector data , ,
Spatial Non-spatial
attributes «— attributes
(geometric (attributes
e Operation with only one input layer attributes) table)

o Add (QGIS)/Calculate (ArcGIS) geometry attributes

Computes geometric properties of the feature into a new layer
/
Adds information to a feature's attribute fields representing the spatial or geometric
characteristics and location of each feature (modifies the input data)
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Relation
r (Layer)

Basic functions - vector data

Spatial Non-spatial
attributes «—— attributes
(geometric (attributes
e Operation with only one input layer attributes) table)

o Minimum bounding geometry (ArcGIS / QGIS)

OUTPUT MINIMUM BOUNDING GEOMETRY TYPES

MULTIPOINT INPUT CONVEX_HULL RECTANGLE BY AREA RECTANGLE BY WIDTH CIRCLE ENVELOPE
¥ A ; ' ¢ m
LN inpUT CONVEX_MULL  RECTANGLE 8Y_AREA RECTANGLE BY.WIOTH  CIRCLE enveLope Impact on attributes relates to the
. choices made in the grouping options
]
N || @ O =
POLYGON NPT COMVEX HULL  RECTANGLE BY AREA RECTAWGLE BY WIOTH  CIACLE enveLore

Geographic Information Systems - 2026/2027 - Lesson 06 - 12



https://docs.qgis.org/3.22/en/docs/user_manual/processing_algs/qgis/vectorgeometry.html?highlight=dissolve#add-geometry-attributes
https://pro.arcgis.com/en/pro-app/latest/tool-reference/data-management/calculate-geometry-attributes.htm
https://pro.arcgis.com/en/pro-app/latest/tool-reference/data-management/minimum-bounding-geometry.htm
https://docs.qgis.org/3.22/en/docs/user_manual/processing_algs/qgis/vectorgeometry.html#minimum-bounding-geometry
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r Relation
. . (Layer)
Basic functions - vector data , ,
Spatial Non-spatial
attributes «—— attributes
e Operation with only one input layer (ag,;:’l';:tzg (attt;'l::;es
o Delete

n Delete (ArcGIS)

m Delete Identical (ArcGIS)/Delete duplicate geometries/by attributes (QGIS, QGIS)
m Delete Multiple (ArcGIS)

Permanently deletes data. Certain options allow establishing criteria
based on spatial and non-spatial attributes
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r Relation
. R (Layer)
Basic functions - vector data , ,
Spatial Non-spatial
attributes «——— attributes
e Operation with only one input layer Eﬁ:’lg‘lﬂg (atgﬁ:;es
o Buffer Owner

m Fixed distance buffer (ArcGIS/QGIS)
w Variable distance buffer (based on a numerical attribute)

Buffer Buffer with dissolve
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https://pro.arcgis.com/en/pro-app/3.6/tool-reference/data-management/delete.htm
https://doc.esri.com/en/arcgis-pro/latest/tool-reference/data-management/delete-identical.html?tabs=dialog
https://docs.qgis.org/3.44/en/docs/user_manual/processing_algs/qgis/vectorgeneral.html#delete-duplicate-geometries
https://docs.qgis.org/3.44/en/docs/user_manual/processing_algs/qgis/vectorgeneral.html#delete-duplicates-by-attribute
https://pro.arcgis.com/en/pro-app/3.4/tool-reference/data-management/delete-multiple.htm
https://pro.arcgis.com/en/pro-app/latest/tool-reference/analysis/buffer.htm
https://docs.qgis.org/3.22/en/docs/user_manual/processing_algs/qgis/vectorgeometry.html?highlight=dissolve#buffer
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e Operation with only one input layer
o Buffer

n Fixed distance buffer (ArcGIS/QGIS)

m Variable distance buffer (based on a numerical attribute)

Buffer

Basic functions - vector data

Buffer with dissolve

Relation
(Layer)

r

Spatial Non-spatial
attributes «— attributes
(geometric

(attributes
attributes)

table)

Owner

Geographic Information Systems - 2026/2027 - Lesson 06 - 15

Basic functions - vector data

e Operation with only one input layer
o Buffer

m Fixed distance buffer (ArcGIS/QGIS)
m Variable distance buffer (based on a numerical attribute)

Buffer

buffer— Features Total: 4, Filtered: 4, !

Geographic Information Systems

Buffer with dissolve

Relation
(Layer)

Spatial Non-spatial
attributes «— attributes
(geometric (attributes
attributes)

table)

Owner

-2026/2027 - Lesson 06 - 16



https://pro.arcgis.com/en/pro-app/latest/tool-reference/analysis/buffer.htm
https://docs.qgis.org/3.22/en/docs/user_manual/processing_algs/qgis/vectorgeometry.html?highlight=dissolve#buffer
https://pro.arcgis.com/en/pro-app/latest/tool-reference/analysis/buffer.htm
https://docs.qgis.org/3.22/en/docs/user_manual/processing_algs/qgis/vectorgeometry.html?highlight=dissolve#buffer

Basic functions - vector data

Relation
‘ (Layer)

Spatial Non-spatial
attributes «— attributes
. . . (geometric (attributes
e Operation with only one input layer attributes) table)
o Di
Dissolve Owner
n Dissolve (ArcGIS/QGIS) (all or by attribute)
n Dissolve by Field (attribute), with statistics "
Dissolve Dissolve with field (Owner)

Name

Geographic Information Systems - 2026/2027 - Lesson 06 - 19

Basic functions - vector data

e Operation with only one input layer
o Feature to point (ArcGIS) , Centroids (QGIS)
o Multipart to Singlepart (ArcGIS/QGIS)
o Add geometry attributes (QGIS)
o Minimum bounding geometry (ArcGIS / QGIS)
o

Delete
n Delete (ArcGIS)

Relation
‘ (Layer)

Spatial Non-spatial
attributes «— attributes
(geometric (attributes
attributes) table)

m Delete Identical (ArcGIS)/Delete duplicate geometries/by attributes (QGIS)

u Delete Multiple (ArcGIS)
o Buffer

m Fixed distance buffer (ArcGIS/QGIS)

m Variable distance buffer (based on a numerical attribute)
o Dissolve

n Dissolve (ArcGIS/QGIS) (all or by attribute)
= Dissolve by Field (attribute), with statistics

Geographic Information Systems - 2026/2027 - Lesson 06 - 20

23/09/2026


https://pro.arcgis.com/en/pro-app/latest/tool-reference/data-management/h-how-dissolve-data-management-works.htm
https://docs.qgis.org/3.22/en/docs/user_manual/processing_algs/qgis/vectorgeometry.html?highlight=dissolve#dissolve
https://pro.arcgis.com/en/pro-app/latest/tool-reference/data-management/feature-to-point.htm
https://docs.qgis.org/3.22/en/docs/user_manual/processing_algs/qgis/vectorgeometry.html?highlight=dissolve#centroids
https://pro.arcgis.com/en/pro-app/latest/tool-reference/data-management/multipart-to-singlepart.htm
https://docs.qgis.org/3.22/en/docs/user_manual/processing_algs/qgis/vectorgeometry.html?highlight=dissolve#multipart-to-singleparts
https://docs.qgis.org/3.22/en/docs/user_manual/processing_algs/qgis/vectorgeometry.html?highlight=dissolve#add-geometry-attributes
https://pro.arcgis.com/en/pro-app/latest/tool-reference/data-management/minimum-bounding-geometry.htm
https://docs.qgis.org/3.22/en/docs/user_manual/processing_algs/qgis/vectorgeometry.html#minimum-bounding-geometry
https://pro.arcgis.com/en/pro-app/latest/tool-reference/data-management/feature-to-point.htm
https://pro.arcgis.com/en/pro-app/latest/tool-reference/data-management/feature-to-point.htm
https://docs.qgis.org/3.22/en/docs/user_manual/processing_algs/qgis/vectorgeometry.html?highlight=dissolve#add-geometry-attributes
https://pro.arcgis.com/en/pro-app/latest/tool-reference/data-management/feature-to-point.htm
https://pro.arcgis.com/en/pro-app/latest/tool-reference/analysis/buffer.htm
https://docs.qgis.org/3.22/en/docs/user_manual/processing_algs/qgis/vectorgeometry.html?highlight=dissolve#buffer
https://pro.arcgis.com/en/pro-app/latest/tool-reference/data-management/h-how-dissolve-data-management-works.htm
https://docs.qgis.org/3.22/en/docs/user_manual/processing_algs/qgis/vectorgeometry.html?highlight=dissolve#dissolve

Example for point data

Buffer Minimum bounding

geometry (convex hull)
B
° = o5
o oh
o0 oC
o€ \C
of of
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Example for line data
Buffer Buffer with Minimum bounding
dissolve geometry (convex hull)

linha — Features Total

4D

8 Show All Features _

linha_buffer — Features Total: 4, F

4D

8 Show All Features _

linha_buffer_diss — Features Total: 1
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r Relation
Basic functions - vector data Ly

attributes «— attributes

(geometric (attributes
Input data examples attributes) table)
Owner
owners — Features Total: 4, Filtered: 4 x

’ - LY

. ! Name Owner
. 1

2 B

4 4D ¢ .

1 Show All Fea o
Soil_type

M Show Al Features
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r Relation
Basic functions - vector data ey

attributes «— attributes
(geometric (attributes
table)

e Vector layers OVERLAY (theoretically, 2 or more layers required)  attributes)
o Intersect (ArcGIS / QGIS)

Owner

Soil_type
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https://pro.arcgis.com/en/pro-app/latest/tool-reference/analysis/intersect.htm
https://docs.qgis.org/3.22/en/docs/user_manual/processing_algs/qgis/vectoroverlay.html#intersection

r Relation
= = (Layer)
Basic functions - vector data , ,
Spatial Non-spatial
attributes «—— attributes
(geometric (attributes
e Vector layers OVERLAY (theoretically, 2 or more layers required) attributes) table)

o Union (ArcGIS / QGIS)

Owner
o | B
A a
. 3
. .
Soil_type
C
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r Relation
R R (Layer)
Basic functions - vector data , ,
Spatial Non-spatial
attributes «— attributes
. (geometric (attributes
e Vector layers OVERLAY (theoretically, 2 or more layers required)  attributes) table)

a_clip_b— Festures Total: 4, Filtered: 4

o Clip (ArcGIS / QGIS)

Owner
Owner
clipped by
5 Soil_type
[ e
£ o
Soil_type
L
Soil_type
clipped by
Owner

Geographic Information Sy: 2027 - L
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https://pro.arcgis.com/en/pro-app/latest/tool-reference/analysis/union.htm
https://docs.qgis.org/3.22/en/docs/user_manual/processing_algs/qgis/vectoroverlay.html#union
https://pro.arcgis.com/en/pro-app/latest/tool-reference/analysis/pairwise-clip.htm
https://docs.qgis.org/3.22/en/docs/user_manual/processing_algs/qgis/vectoroverlay.html#clip

Relation
Basic functions - vector data £ wren

Spatial Non-spatial
attributes «—— attributes
(geometric (attributes
e Vector layers OVERLAY (theoretically, 2 or more layers required) attributes) table)

o Erase / Difference (ArcGIS / QGIS)

Owner
Owner
difference by
5 Soil_type
. | ® M Show Al Features
, |2
Soil_type b_di_n— Features Totak:S, Fi
G fid MName
Soil_type
difference by
Owner
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r Relation
. . (Layer)
Basic functions - vector data , ,
Spatial Non-spatial
attributes «— attributes
. (geometric (attributes
e Vector layers OVERLAY (theoretically, 2 or more layers required)  attributes) table)
o Symmetrical difference (ArcGIS / QGIS)
Owner
ST — Features Tetat: , Fit
sE@RTEY M
a | B
3 A a
A
. . )
Soil_type
—
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https://pro.arcgis.com/en/pro-app/latest/tool-reference/analysis/erase.htm
https://docs.qgis.org/3.22/en/docs/user_manual/processing_algs/qgis/vectoroverlay.html#difference
https://pro.arcgis.com/en/pro-app/latest/tool-reference/analysis/symmetrical-difference.htm
https://docs.qgis.org/3.22/en/docs/user_manual/processing_algs/qgis/vectoroverlay.html#symmetrical-difference
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r Relation
. . (Layer)
Basic functions - vector data , ,
Spatial Non-spatial
attributes «—— attributes
) (geometric (attributes
e Vector layers OVERLAY (theoretically, 2 or more layers required) attributes) table)

o Intersect (ArcGIS / QGIS)
o Union (ArcGIS / QGIS)

o Clip (ArcGIS / QGIS)
o Erase / Difference (ArcGIS / QGIS)
o Symmetrical difference (ArcGIS / QGIS)
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r Relation
. . (Layer)
Basic functions - vector data , ,
Spatial Non-spatial
attributes «——— attributes
(geometric (attributes
e Spatial operations involving multiple layers are: attributes) table)

o dependent on their typology

Can | do spatial operation (intersect, clip, union) between these features and a polygon? What will be the result?

Input  clipping feature Output
nl =) N *
_ ‘ L
IB 0 L
p
E 2 [ 330 :
.C 8
s
[ 0
a : ! x
B
)
Soil_type
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https://pro.arcgis.com/en/pro-app/latest/tool-reference/analysis/intersect.htm
https://docs.qgis.org/3.22/en/docs/user_manual/processing_algs/qgis/vectoroverlay.html#intersection
https://pro.arcgis.com/en/pro-app/latest/tool-reference/analysis/union.htm
https://docs.qgis.org/3.22/en/docs/user_manual/processing_algs/qgis/vectoroverlay.html#union
https://pro.arcgis.com/en/pro-app/latest/tool-reference/analysis/pairwise-clip.htm
https://docs.qgis.org/3.22/en/docs/user_manual/processing_algs/qgis/vectoroverlay.html#clip
https://pro.arcgis.com/en/pro-app/latest/tool-reference/analysis/erase.htm
https://docs.qgis.org/3.22/en/docs/user_manual/processing_algs/qgis/vectoroverlay.html#difference
https://pro.arcgis.com/en/pro-app/latest/tool-reference/analysis/symmetrical-difference.htm
https://docs.qgis.org/3.22/en/docs/user_manual/processing_algs/qgis/vectoroverlay.html#symmetrical-difference
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Basic functions - vector data

e Spatial operations involving multiple layers are:
o dependent on their typology

o dependent in some cases on the order

Owner
difference by
5 9 Soil_type

- Outputs with

5 Erase/ different spatial
Difference features

Soil_type
difference by
Owner

Relation
(Layer)

Spatial Non-spatial
attributes «— attributes

(geometric (attributes
attributes) table)

a_if_b— Features Total: 3, Fil

Al Features m.
Outputs with different non-spatial

attributes
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Basic functions - vector data

e Spatial operations involving multiple layers are:
o dependent on their typology
o dependent in some cases on the order

= commutative vs. non-commutative spatial operations

Intersect =)
Union =)
Clip =)

Erase/Difference ====p
Symmetrical difference ==

Geograph

Relation
(Layer)

r

Spatial Non-spatial
attributes «— attributes
(geometric (attributes
attributes) table)

3+5=5+3
atb=b+a

Commutative

3-5#5-3
a-b/b-a

Non-commutative

hic Information Systems - 2026/2027 - Lesson 06 - 71
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Basic functions - vector data

Relation
r (Layer)

Spatial Non-spatial
attributes «—— attributes
. . . . i (geometric (attributes
e Spatial operations involving multiple layers are: attributes) table)
o dependent on their typology
o dependent in some cases on the order 3+5=5+3
m commutative vs. non-commutative spatial operations at+tb=b+a

Commutative

Intersect — Commutative
Union mE===) Commutative 3-5#5-3
Clip =) a-bsb-a

Erase/Difference === Non-commutative

Symmetrical difference==) Commutative
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ArcGIS Pro Geoprocessing

Geoprocessing i x
i |
o e s | View Favories Taolbares e Generic toolboxes

a1 Tools

e—— e Business specific toolboxes

elBuilder

an +
Pairwise
Buffer

Ready)
onments. Use Too) e Not all toolboxes are available - licensing

e Custom or user created toolboxes
e Documentation includes detailed description
o illustration

O parameters

o python syntax / example

i
& Indoo
&5 Indoo

& Intelligence Tools
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QGIS Processing

Plugin (install if not available)

e In continuous expansion by the community

Documentation includes detailed description
O Jllustration
O parameters

O python syntax / example
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Credits

The structure and content of the course, including most of the slides and exercises was developed by
Professor Graca Abrantes (SIG 2021_2022) and Professor Rui Figueira (SIG 2023_2024)
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