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Agenda
Beyond geometry and geography

Raster
Pixelated view of the world

Topology
Relational view of the world

pgRouting
Costs along a network



https://mapzen.com/metro-extracts
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Raster
Rasters are matrixes that you can perform analysis on. They can also be

rendered as pretty pictures. In PostGIS land, they live chopped into tiles in a
table row in a column type called raster. They are often found dancing with

geometries.
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Let's see some rasters
We'll start with the serious (what real raster people work with) and move to

the playful (what even your toddler can grasp).
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Digital Elevation Model (DEM)



http://www.postgis.us/Presentations/PGOpen2014_Session2.html?print-pdf#/ 7/110

Climate
Temperature, water fall, climate change
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Rasterization of a Geometry
Geometries can be rasterized
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An aerial clip
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Mona Lisa



http://www.postgis.us/Presentations/PGOpen2014_Session2.html?print-pdf#/ 11/110

Next we'll look at raster under a
microscope
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PostGIS raster under a microscope
Tiles
Pixels
Bands
Pixel Values
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Tiles and Coverages
Rasters (especially those covering a large expanse of land) can be big so

we chop them into smaller bits called tiles for easier analysis.
Tiles covering continguous non-overlapping areas of space with same kind

of information we call:
A COVERAGE
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Pixels as cells
Tiles are further broken down into pixels (or cells), organized into a matrix.

 Columns X

R
ow

s Y

Numbering starts at the upper-left corner
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Pixels: Geospatial Space
Example of pixel min spots in WGS lon lat

 Longitude

Latitude

Note how Y coordinates are generally in reverse order of Pixel row
numbering.
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Raster is broken into 1 or more bands
Think of each band as a separate matrix storing a particular theme of data

and particular numeric range.
One band can store elevation

Another temperature
Another vegetation

Another number of pizza restaurants in each area
If you just care about pretty pictures you can have a 4-band raster

representing RGBA channels (bands) in your picture
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Pixel Band Types
Bands are classified by the range of numeric data they can store and each

band in a given raster can store a different range type of data.
1BB: 1-bit boolean
Bit Unsigned Integers (BUI): 2BUI, 4BUI, 8BUI, 16BUI, 32BUI
Bit Signed Integers (SI): 8BSI, 16BSI, 32BSI
Bit Floats (BF) - 32BF, 64BF
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Pixel Values
Each pixel has slots for number of bands
3-banded raster means 3 values per pixel
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Get data
Pictures from 
Elevation data from

http://en.wikipedia.org/wiki/Chicago

http://www.webgis.com/terr_pages/IL/dem75/cook.html

http://en.wikipedia.org/wiki/Chicago
http://www.webgis.com/terr_pages/IL/dem75/cook.html
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Raster toolkit
GDAL: http://www.gdal.org

PostGIS raster is built on Gdal and wraps a lot of the functions of GDAL in
an SQL wrapper

Commonly used command-line of GDAL
�J�G�D�O�L�Q�I�R: inspect a given raster
�J�G�D�O�B�W�U�D�Q�V�O�D�W�H: convert raster from one format to another
�J�G�D�O�Z�D�U�S: transform raster from one spatial projection to another and also
changes format

http://www.gdal.org/
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Loading Data
raster2pgsql

raster2pgsql is a command-line tool packaged with PostGIS 2+ that allows
loading data from various raster formats into PostGIS raster format. It

generates a sql load file or you can pipe directly to PostgreSQL with psql.
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Output with PHP or ASP.NET
We have a minimalist viewer proof of concept

 to view most of thesehttps://github.com/robe2/postgis_webviewer
We use it a lot to quickly view adhoc queries that return one raster image

and to generate pics in PostGIS docs.

https://github.com/robe2/postgis_webviewer
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Output with Node.JS
We have a minimalist all encompassing Node.JS web server

https://github.com/robe2/node_postgis_express
This we'll use cause its pretty easy to setup and can do all.

https://github.com/robe2/node_postgis_express


http://www.postgis.us/Presentations/PGOpen2014_Session2.html?print-pdf#/ 34/110

Use GDAL tools
gdal_translate and gdalwarp are most popular.
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Use PL languages such as PL/Python
Any language that can run queries, output binaries and dump to file system

will do.
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Exercises: PostGIS Raster Spatial SQL
Raster being served with a mix of geometry
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Map Algebra with ST_MapAlgebra
Operations done on a set of pixels (a neighborhood) where the value

returned by the operation becomes the new value for the center pixel. The
simplest operation works on a single cell (a 0-neighborhood).

In PostGIS the operation is expressed either as a PostgreSQL algebraic
expression, or a Postgres callback function that takes an n-dimensional

matrix of pixel values.
PostGIS has several built-in mapalgebra call-backs, but you can build your
own. PostGIS packaged ones all have 4MA in them: ���0�$ means �I�R�U���0�D�S

�$�O�J�H�E�U�D 
(ST_Min4MA, ST_Max4MA, ST_Mean4MA, ST_Range4MA (very similar to

ST_Roughness), ST_InvDistWeight4MA, ST_Sum4MA)).
Default neighborhood is 0 distance from pixel in x direction, and 0 distance

in y direction.
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Now for something
totally serious

People! Power of SQL is not for doodling
SQL should be used for REAL analysis and not to entertain your kids.



http://en.wikipedia.org/wiki/Chicago
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Raster output of overlay
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Topology: Geometries in seat-belts
Geometries are stand-alone selfish creatures.

They only look out for number one.
A plot of land overlaps another.

Does geometry care?
No. C'est la vie

People care. We've got boundaries. My land is not your land. Stay off my
lawn.

Who can bring order to our world?
Topology can.
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What is a topology?
Specifically: Network topology
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Topology primitives: edges, nodes, and faces
Topology views the world as a neatly ordered network of faces, edges, and
nodes. Via relationships of these primitive elements, we form recognizable

things like parcels, roads, and political boundaries.
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What is an edge?
An edge is a linestring that does not overlap other edges. It can only touch

other edges at the end points.
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What is a node?
Nodes are start and end points of edges or are isolated points that are not

part of any edge.
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What is a face?
A face is a polygon that gets generated when a set of edges form a closed

ring.
In standard PostGIS topology, the polygon is never actually stored, but

computed. Only the minimum bounding rectangle is stored.
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Diagram of simple topology

Edges are the numbered linestrings, nodes are the numbered round balls,
and faces are the areas with *. The four faces together can be used to

construct a topogeometry we can call �F�R�O�R�U�D�G�R.
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How does topology help us?
Ensure correct boundaries
When geometries are simplified shared edges still remain shared
Editing
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What is a topogeometry?
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topogeometry is a set of relations
A topogeometry is composed of pointers to topology primitives or other

topogeometries. It is defined via the relations
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Tables in a topology
topo_chicago has a set of tables you'll find in all topology generated

schemas
�H�G�J�H�B�G�D�W�D and companion �H�G�J�H view: Holds all the line work that defines
the topological network.
�Q�R�G�H - defines all the points that connect the edges (only connecting
points are considered) as well as isolated points (isonode) that stand
alone.
�I�D�F�H - lists polygons formed by closed line work of edges. The polygon is
not stored, only the minimum bounding box
�U�H�O�D�W�L�R�Q - lists the set of relationships to edges, nodes, faces, and other
layers that define a topogoemetry.
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Simplify topo boundaries compared to
simplify geometry boundaries

Topos are aware of their shared existence. Edges remain shared.
Geometries are self-centered. They don't care about their neighbors.
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pgRouting: Navigating from one place to
another

pgRouting is primarily used for building routing applications. E.g road
directions, biking trail guide etc.
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Install binaries
Refer to our quick start guide listed on this page:

http://www.postgis.us/pgopen2014

http://www.postgis.us/pgopen2014
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Popular tools for making OSM data
routable

osm2pgrouting  - not tested on windows.
osm2po -  works on any OS with a java VM. Other neat
feature is it comes with its own mini-webserver that reads the .pbf file
directly.

,

osm2pgrouting
http://osm2po.de

pgRouting OSM data with osm2po
We'll demonstrate osm2po since it's more cross-platform

http://pgrouting.org/docs/tools/osm2pgrouting.html
http://osm2po.de/
http://www.bostongis.com/PrinterFriendly.aspx?content_name=pgrouting_osm2po_1


http://www.postgis.us/Presentations/PGOpen2014_Session2.html?print-pdf#/ 96/110

Prepping data for routing with osm2po
Extract osm2po in a folder: we used the 4.8.8 version
Make a copy of the demo.bat or demo.sh and replace with your own path
to pbf
If java is not in your path, you may need to define a path variable at top
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You should now have a folder called �K�K in your osm2po folder, and should
have an sql file �K�K�B���S�R�B���S�J�U���V�T�O

Load this up into your database with psql. Note that osm2po loads data in
wgs 84 long lat geometry (4326) so tolerance units for all pgrouting will be in

degrees.
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Using osm2po routing table
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pgRouting is about going from one node to another
along a path not really about location

So we really can't go from arbitrary point to point, have to go from node to
node. So we found a node using osm2po mini webservice:

http://localhost:8888/Osm2poService
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pgr_astar
Shortest Path A-Star function that takes as input:

SQL statement that defines your network or portion of network you want
to inspect
node id of start
node id of end
directed: defaults to true (if your graph has direction)
has_rcost: If your edges have costs in different direction. reverse_cost
must be provided if this is true
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Links of Interest
PostGIS
Planet PostGIS

http://postgis.net/
http://planet.postgis.net/
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THE END
Thank you. Buy our books http://www.postgis.us

http://www.postgis.us/
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The Paragon Logo is copyright Paragon Corporation and may be resized,
made transparent and so forth. It should only be used to refer to Paragon
Corporation.
Many of the raster images used in this presentation were downloaded
from Wikipedia. The ones of Mona Lisa are resized versions of 
which is under a public domain license.
The aerial clip is a portion of Massachusetts aerial data loaded in PostGIS
raster format from . This particular clip is
borrowed from the PostGIS documentation which is under a 

Images of Chicago: were taken from this
 page and under the respective

licenses of the photographers.
Slide were made using  which is MIT Licensed

Mona Lisa

MassGIS 2008/2009 aerial data
Creative

Commons 3.0 Share Alike
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RevealJS

http://en.wikipedia.org/wiki/Mona_Lisa
http://www.mass.gov/anf/research-and-tech/it-serv-and-support/application-serv/office-of-geographic-information-massgis/datalayers/colororthos2008.html
http://creativecommons.org/licenses/by-sa/3.0/
http://en.wikipedia.org/wiki/Chicago
https://github.com/hakimel/reveal.js/

