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Topological spatial queries

Objectives of the lecture

To discover SQL queries used to
explore the spatial relations between
entities stored in a database

After this lecture you will be able
To use SQL to test spatial relationships,
to calculate distances, or produce new
objects by intersection, difference, etc.

In this lesson, we will address the question of topological spatial
queries, so something that completes the geometric spatial queries that
we saw in the previous lesson. These topological spatial queries are
therefore interested in extracting information which characterize not the
spatial objects themselves but rather the spatial relations and the
relations between spatial objects. The objective of this lesson is to
explore the syntax field of SQL queries which allow to extract
information characterizing spatial relations between objects hosted in a
database. At the end of this lesson you should be able to write queries
which will allow you to test spatial relations between objects, to
calculate characteristics such as the distance between objects or to make
new objects by intersection or difference or other operations involving

existing spatial objects.

Notes

Summary

6. Storage - Spatial SQL and NoSQL databases
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Topological spatial queries

aia-sins/spatialite-sql-4.2.0.html J&()L't
- D < 11e

http://postgis.net/docs/index.html P*’StGIS

Postgre SQL Sp;’xud.lll Pastg ;ESQL

Notes

Just as in the case of geometric spatial queries, topological spatial
queries are numerous.

Summary

1im 22s
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1m 30s

Topological spatial queries

‘SpatiaLite SQL functions .. X
gaia-gistgaia-si mispld c

SQL functions that implement spatial operators

06¢ [ remied

L defined

Intersection( geoml Geomany , geom? Geomeny ) : Geomany
Intersection X
ST Intersection( geoml Geomeny , geom2 Geomeny ) : Geomietry

retum a biects geoml
land geom?

Differenc 1 G - m2 G ) - Ge v
HiiEnce(Rsom | Geomere - ool Geomany) | Geomery rctum a geometric object that is the closure of the set difference of geoml

/and geom?

Difference
ST_Difference( geom! Geomerry . geom? Geameiry ) - Geomseiry

GUnion( geom] Geometry , geom? Geometry ) : Geomatry

GUnion Tetumn a geometric object that is the set union of geoml and geom2

ST_Union( geom] Geometry . geom? Gaomatry) : Geometry

http://postgis.net/docs/in T

GUnion

ireturn a geometric object that is the set union of input values aggregate
[function

ST_Union( geom Geometry ) Geometry

SymDifference( geoml Geometry , geom2 Geometry ) : Geomarry

retum a geometric object that is the clostre of the set symmeric difference
ST_SymDifference( geom1 Geometry . geom? Geometry ) lof geom| and geom? (logical XOR of space)
metry

SymDifference

B TeC R Ceaa i < Dosois erecson ) oS Ireturn a geometric object defined by buffering a distance d around geom,

where dist is in the distance units for the Spatial Reference of geom

ST_Buffer( geom Geomerry , dist Double precision ) : Geometry

ConvexHull( geom Geomany ) - Geomeny
ConvexHull = X GEOS ireturn a geometric object that is the convex hull of geom
ST_ConvexHull( geom Geometry ) : Geametry
SQL functions that implement spatial operators

[GEOS specific features]

Notes
‘ There are many keywords that can be used.

Summary
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Topological spatial queries

Chapter 8, PostGIS Reference:
g . €) B | porgisoesiocs/ s

ais. It/ dald 8.9. Spatial Relatlonshlps and Measurements

Point — Retums the 3- dimensional point on g1 that is closest to g2. This is the first point of the 3D shortest line.

& — For geometry type Returns the 3-dimensional cartesian minimum distance (based on spatial ref) between two geometries in project

For 3d (2) geometry type Returns true if two geometries 3d distance is within number of units.
thin — Retums trug if all of the 30 geometrias are within the specified distance of one another.
— Returns TRUE if the Geometries “spatially intersect” in 3d - only for points, linestrings, polygons, polyhedral surface (area). With SFCGAL backend enabled 3lso supports TINS
— Retums the 3-dimensional longest line between two gaome!

o — For geomatry type Ratums tha 3-dmensional cartasian maximum distanca (basad on spatialref) batwaen two gaomatries in projected units
1 — Returs the 3-dimensional shortest line between two geometries
\rea — Retums the area of the surface if it is a Polygon or MultiPol For geometry, a 2D Cartesian area is determined with units specified by the SRID. For geography, area is determined

on a curved surface with units in square meters
— Retums the north-based azimuth as the angle in radians measured clockwise from the vertical on pointA to point8.

id — Returns the geometric center of 2 geome!
— Retums the 2-dimensional point on g1 that is clasest to g2. This is the first point of the shortest line.
ing — Aggregate. Returns an array with the connected components of a set of geometries
i — Aggregate. Retums an array of GeometryCollections, where each GeometryCollection represents a set of geometries separated by no more than the specified distance
Retums true if and only if no points of B lie in the exterior of A, and at least one point of the interior of B lies in the interior of A.
tums true if 8 intersects the interior of A but not the boundary (or exterior). A does not contain properly itself, but does contai itself

://postgis.net/docs/ing Al s e P i S ko
0 dBy — Rctum' 1 (TRUE) if no point in y A is outside Ge ar B
r — Retumns TRUE if the supplied geometries have some, but not all, interior pnmc apdaatd
— Given 2 linestrings, retuns a number between -3 and 3 denoting what kind of crossing behavior. 0 is no crossing,
— Returns TRUE if the Gaametr\c’ do no: 'spatially intersect’ - if they do not share any space toqcthen

ieTance batwaen two, geographuos in matars
@ — Returns the Hausdorff distance between two geometries. Basically a measure of how similar or dissimiar 2 geometries are. Units are in the units of the spatial reference

system of the geometries
Returns the 2-dimensional largest distance between two geometries in projected units.

ST eReturns minimum distance in meters between two lon/lat geometries. Uses a spherical earth and radius derived from the spheroid defined by the SRID, Faster than
ST D-stancfiphfmld ST_DistanceSphercid, but less accurate. PostGIS versions prior to 1.5 only implemented for points.
B o Gy ikttt abidan i Knyia: geutvs e gpian S pat el s Pl dor e EsH 1 Gy g ot
yWithin — Returms true if 3l of the geemetries are within the specified distance of one anat

Returms true if the geometries are within the specified distance of one another. For geamew units are in those of spatial reference and For geography units are in meters and
measurement is defaulted to use_spheroid=true (measure around spheroid), for faster check, use_spheroid=false to measure along sphere.

T_Equals — Returns true if the given geometries represent the same geometry. Directionality is ignore
— Retums true if a geometry or geometry collection contains a circular string
ct in 20" - (share any portion of space) and FALSE if they don't (they are Disjoint). For geagraphy -~ tolerance is

— Returns TRUE if the Geometries/Geography "spatially intars.
0.00001 meters (so any points that clase are considered to intersect)

Notes

We will present only a very small part of it so this is the reason why I
encourage you to take a look on the sites that document the available

functions in SpatiaLite and in Postgis.

Summary

1m 38s
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Topological spatial queries

P»stGIS

PostgreSQL Wr’

Spatial PostgreSQL

ST = Spatial Type

ST_ + Fonction

Again, the syntax is pretty much the same in both cases with, in the case
of Postgis, the addition of the letters S and T underlined before the

function.

1m 50s

Notes

Summary

6. Storage - Spatial SQL and NoSQL databases
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1m 57s

Spatial relations

Any property shared by two spatial entities
defines a spatial dependency or spatial relation

Distances, ...

Topological relations

Qualitative spatial relations or properties,
independent from any measure, invariant under
continuous deformation

Adjacency, Connectivity, Inclusion, Intersection

In this lesson, we will first go back to the notion of topology and
topological query, notion which had been presented at the beginning of
the course. Then we will present the test functions before addressing the
distance function and ending by spatial operators. We had seen by
presenting the notions of topologies that a relation, a spatial dependence
is defined by a property shared by two spatial entities. As for example
the simplest one of them, the distance that separates two points. We also
saw that the topological relations are a sub category of spatial relation,
of a qualitative nature, independent of the measure and characterized by
the fact of being invariant under continuous deformation.

Notes

Summary

6.2. Topological spatial queries
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Queries exploring spatial relations and
more specifically topological relations

Test queries — true / false
Distance queries — numerical values

» Action queries — spatial objects

The main forms of topological relations are the adjacency, the
connectivity, the inclusion and the intersection. The requests which are
on the spatial relations between objects and more particularly on
topological relations can be subdivided roughly into 3 categories. First,
the test requests which return "true" or "false" values.

2m 55s

Notes

Summary

6. Storage - Spatial SQL and NoSQL databases
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3m 21s

Test functions

Testing spatial relations

Functions used to test topological relations between two spatial entities, on the

basis if their geometries
Syntax

geometryl, geometry2

name_table

Distance queries which return a numeric value and action requests
which return spatial objects. Test requests or test function allow to test
spatial relations or more precisely the topological relations between two
spatial entities on the basis of their geometry. The syntax is always the
SELECT keyword, the test function with the two geometries concerned
in brackets, separated by a comma, the FROM clause and the table. The
main functions that can be used are listed here in particular, we can test
the equality between two geometries, the fact that they are distant from
one another, that they touch each other, that one is contained into the
other or that it contains the other, that they overlap, that they cross each
other, etc.

Notes

Summary

6.2. Topological spatial queries
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Test functions

Testing spatial relations

Qspatialite

mahe.sglite

Tables

& My Tables Table Name Geometry field
< .ﬁ districts Load in QGIS as Spatial Layer ¥ | | contains Geometry
Bl +% hotels
B 3% lieux-dits SELECT routes.nom, routes.Geometry As Geometry FROM routes,
@\ routes districts
Spatial Index WHERE conta "-:-:dlstrlcts.Geome}y, routes.Geometry) AND

@ Sys. Table districts.nom LIKE 'Takamaka'

Notes
In this example we will select the hotels the name of the hotels which

are located within the Takamaka districts. To do this, the syntax is
SELECT, the name of the hotel, the FROM clause with the two hotels
and districts tables and a conditional clause in which we specify the fact
that the geometry of the hotels must be inside the geometry of the
districts and that the district name should resemble Takamaka. By
executing this query we get the 6 hotels which are in this district. We
can now, in a second example, replace the hotels by the roads and search
for the roads which intersect the district of Takamaka. So we see that we
have a series of 21 roads which form an intersection with that district.
To store the result of this query as a new layer we have to add in the
request a "select the geometry attribute"” column and define with the
geometry name, which is the field that we will use to make the layer in
QGIS, give a name to this layer, in this case INTERSECT, and execute
this request. We make a second request to select this time the roads that
touch the district of Takamaka. We can see that this request does not
give any result, so there is no object which properly touches the district
and a third request to identify the roads which are contained in the
district.

4m 16s

Summary

6. Storage - Spatial SQL and NoSQL databases
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Test functions

Testing spatial relations

We also export the result of that query as a layer in QGIS and if we now
look at these two layers, the "intersection" layer in red and the "content"
layer in yellow, it is clear that the intersection layer includes more
objects than the layer of what is strictly contained in the district.

Notes

Summary

6m 18s
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6m 44s

Distance function

Distance()
Returns the distance between two geometries
Syntax

geometryl, geometry2

name_table

The distance function simply allows to calculate the minimum distance
separating two geometries, generally expressed in meters, well it
depends on the projection system used. The syntax is of the same nature
as in the previous cases, the SELECT keyword, the distance function,
the two geometries concerned in brackets, separated by a comma, the

FROM clause, and the name of the table.

Notes

Summary

6. Storage - Spatial SQL and NoSQL databases
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Distance()

Qspatialite

rete e - @)=)(3][[=)[J0]|[2)[=)(=]] (@@

Tables ‘ SQL Result

] My Tables
=@ districts
E 3% hotels Village Du Para... |10.401
& % I "
= &% lieux-dits
&\ routes Pti Payot 12.0399
Spatial Index I

[ Sys. Table 3 |LaCuvette 12.7789

Nom | dist

4 |Jamelah 13.6893
Hotel Marechario | 14.9957

5
6 |Panorama Relai... | 15.3133 (=]
et E‘

124 rows Elapsed Time: 4118 ms

Notes
In this example, we will build a query to classify the hotels according to

their distance from the road network. In the syntax, we will start with
the SELECT keyword, the name of the hotels and a second factor which
will be the distance between the hotel geometries and the geometry of
the roads and we will take the minimum value of all the distances
separating a hotel from all the roads. The field "calculate the minimum
distance" is given an alias, DIST, in the FROM clause the two tables
concerned, so hotels and roads, 183 00:07:49,807 --> 00:07:52,526 a
grouping clause, the name of the hotels and then a ranking in increasing
order of distances.

Summary
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Simplify(), Buffer()

Returns a simplified geometry according to a tolerance defined by the number
argument (Douglas—Peucker algorithm)

Retruns a geometry covering the whole area within a distance given by number from
the origin geometry (buffer zone)

geometry, number geometry name_table

geometry, number geometry name_table

Notes
By executing this query we find the series of 124 hotels with the

distance which separates them from the road network, between 10 and
600m. A series of spatial operators to finish, so operators that return new
geometric objects created from existing geometric objects. The first of
these operators is the union query which allows to merge two
geometries into a single object. The intersection request which returns
the common part of two geometries. The difference request which
subtracts a geometry of another. The syntax, as usual is composed by the
SELECT keyword Followed by the function, the two geometries
concerned in brackets, separated by a comma, the AS GEOMETRY
alias to be able to reuse this result, say that it is a geometry and the table
from where the data come. As in the case of the length of the polylines,
the union request, the UNION keyword, is part of a series of keywords
reserved in SpatiaLite, that is why we use GUnion instead and as always
in Postgis the equivalent will be ST underlined UNION. Two other
important space operators, SIMPLIFY and BUFFER.

Summary

6. Storage - Spatial SQL and NoSQL databases 14 of 21
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Simplify(), Buffer()

Returns a simplified geometry according to a tolerance defined by the number

argument (Douglas—Peucker algorithm)

Retruns a geometry covering the whole area within a distance given by number from

the origin geometry (buffer zone)

geometry, number geometry

geometry, number geometry

The first, SIMPLIFY, refers to a simplified geometry, taking into
account a tolerance which is defined by the numerical argument given in
the function, so it is a simplification which is based on a Douglas-
Peucker algorithm, which allows to reduce the number of points of
which a geometry is composed, which can be important in the display
performances of the geometry on the screen. The BUFFER function
returns a geometry which covers an entire area located at a distance
inferior or equal to the number given as an attribute of an original
geometry. It is the concept of buffer zone. At the syntax level still the
SELECT keyword, the function, the geometry, comma, the numeric
variable, a tolerance in the case of SIMPLIFY, a distance in the case of
BUFFER, AS GEOMETRY because we create geometries and the

original table.

name_table

name_table

Notes

Summary

6.2. Topological spatial queries
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Union(), Intersect(), Difference()
Simplify(), Buffer()

mahe.sqlite

Tables
L My Tables

Qspatialite

Table Name Geometry field

= @ districts Load in QGIS as Spatial Layer ¥ |simpl Geometry
Z1 3

7 3% hotels

E :‘. lieux-dits SELECT Simplify(Geometry,50) AS Geometry FROM routes

it ‘\'\ routes
Spatial Index
3 Sys. Table

Notes

In this first example we will illustrate the use of the SIMPLIFY function
by simplifying the road network of the Seychelles with a tolerance of
50. We see that the request produces geometric objects indeed. They
have to be defined as geometries to be able to recover them in QGIS as
usual. A name is given to the table, SIMPLIFY, the geometry being of
course the GEOMETRY field.

10m 43s

Summary

6. Storage - Spatial SQL and NoSQL databases
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Union(), Intersect(), Difference()
Simplify(), Buffer()

This simplified layer appears here in white and if we go a little bit closer
we see that the detail of the road network has been erased in favor of a

simpler structure.

Notes

Summary

11m 15s
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Union(), Intersect(), Difference()
Simplify(), Buffer()

mahe.sglite

| BEE

Tables

= My Tables

B @ districts
@ Geometry
1D

[ Triggers
[ 3% hotels
7 3% lieux-dits
&= \.0,\ routes
Spatial Index
[ Sys. Table

(][ [4) (=) (<) (@@

nion(districts. Geometry) FROM districts
WHERE districts.nom = 'Port Glaud' OR districts.nom='Grand Anse

Second example with the union. We will establish a union request
between two districts, the district of Port Glaud and the district of
Grand'Anse Mahé. We transfer the union request on the geometry field
of the district table and in the conditional clause which clarifies things
we say that we want the name of districts chosen for the union to be

either Port Glaud or Grand'Anse Mahé.

11m 30s

Summary

6. Storage - Spatial SQL and NoSQL databases
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Union(), Intersect(), Difference()
Simplify(), Buffer()

The execution of this request causes the merging of the two entities.

Notes

Summary

12m 10s

6.2. Topological spatial queries

19 of 21


https://mediaspace.epfl.ch/media/0_241swydv?st=730

12m 17s

Union(), Intersect(), Difference()
Simplify(), Buffer()

Third case, we will build a buffer zone, a buffer, around the Sans Soucis
road which is located in the center-western part of the Seychelles. So we
define a buffer with a width of 100m around that road and in the
conditional clause we will simply say that we want all the segments of
the road which look like Sans Soucis road. The execution of this request
provides geometric objects. With the AS GEOMETRY and by defining
a table name, we add this request as a layer in the QGIS interface and
we see that at the time I execute the request the buffer zone is displayed
on the map, here in pink, and if we look a little closer we see that the
different sections of the road will give rise to a succession of buffer
zone pieces which fit with each other.

Notes

Summary

6. Storage - Spatial SQL and NoSQL databases
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13m 26s

Union(), Intersect(), Difference()
Simplify(), Buffer()

As a final example, we will create a buffer zone around the two districts
of Port Glaud and Grand'Anse Mahé by taking up the merging request
of these elements from before and this time we will add the creation of a
buffer to this merging. If we move the district layer above this buffer
and that we look little closer we see that we have created a 100m block
around these two merged districts.

Notes

Summary

6.2. Topological spatial queries
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