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Today

e Spatial Data
e Spatial Data Formats
e Selecting the right format



Spatial Data

How we represent the world in a computer

e Vector

e Raster



Vector

Represent each entity with a shape or geometry.
Simple features:

e (Multi-)Points

e (Multi-)Lines

e (Multi-)Polygons

Divide space into a finite set of entities


https://en.wikipedia.org/wiki/Simple_Features
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https://d9a.carto.com/me?utm_source=Footer_Link&utm_medium=referral&utm_campaign=Embed_v1&utm_content=d9a
https://d9a.carto.com/viz/fe9751f0-6ced-11e4-98f3-0e9d821ea90d/embed_map
https://www.mapbox.com/about/maps/
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http://www.dvrpc.org/webmaps/CyclePhilly/



http://code.waag.org/buildings/#52.3733,4.8958,15

Raster

Use an image and control pixel colors to encode
value

The value assigned for each cell represents the
attribute of that cell

e Continuous variables, surfaces (temperature,

density, elevation...)

e Satellite images (land cover, land use...)
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http://shadedrelief.com/manual_relief/
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https://upload.wikimedia.org/wikipedia/commons/0/05/CubeSat_in_hand.jpg
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Spatial Data Formats



Spatial Data Formats

In principle...

e Points, lines, polygons —> Vector formats

e Images, surfaces —> Raster formats

But these boundaries are blur...
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Traditionally

e Single files: shapefiles, etc.
e Client-server (geo-)DBs: PostGIS, etc.

e Mostly (single) image formats: GeoTIFF, etc.




However...

Many of these formats were designed for an offline
world, so display some of the following:

e Binary (“non-streamable”)
e “Unqueriable”

e Complex format structures
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Switch from Shapefile

ESRI Shapefile is a file format for storing geospatial vector data. It has been around since the early 1990s
and is still the most commonly used vector data exchange format.

While Shapefiles have enabled many successful activities over the years, they also have a number of limitations that
complicate software development and reduce efficiency.

We, members of the geospatial IT industry, believe that it is time to stop using Shapefiles as the primary vector data
exchange format and to replace them with a format that takes advantage of the huge advances that have been made since
Shapefile was introduced.

Read more:

e The good side
e Shapefile is a bad format
e Shapefile alternatives

The good side

Shapefile does a lot of things right. Here are some reasons why Shapefile is so heavily used:

e Shapefile is by far the most widely supported format in existing software packages.
e While the format is proprietary, the specification is open.
e For many use cases, it is good enough.
o Index files (e.g. *.shx) enable good reading performance.
o Itis relatively efficient in terms of file size. The resulting file, even un-zipped, is relatively small compared to some other (mostly text-based)
formats.

Shapefile is a bad format

Why is Shapefile so bad? Here are several reasons why the Shapefile is a bad format and you should avoid its usage:

¢ No coordinate reference system definition.

e |t's a multifile format.

Attribute names are limited to 10 characters.

Only 255 attributes. The DBF file does not allow you to store more then 255 attribute fields.

Limited data types. Data types are limited to float, integer, date and text with a maximum 254 characters.

Unknown character set. There is no way to specify the character set used in the database.

It's limited to 2GB of file size. Although some tools are able to surpass this limit, they can never exceed 4GB of data.

No topology in the data. There is no way to describe topological relations in the format.

Single geometry type per file. There is no way to save mixed geometry features.

More complicated data structures are impossible to save. It's a "flat table" format.

There is no way to store 3D data with textures or appearances such as material definitions. There is also no way to store solids or parametric
objects.

Projections definition. They are incompatible or missing.

Line and polygon geometry type, single or multipart, cannot be reliably determined at the layer level, it must be determined at the individual
feature level.

Add more ...




Modern formats

New formats have appeared in part “fixing” those
issues, but also responding to web needs:

e Streamable (e.g. [ISIeRII0N)

* Queriable (e.g. [T [FITECTERE)
» Single file (e.g. [JIBIHNER)

Let’s explore a bit more on a couple of them...
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GEOJSON

GeoJSON is a format for encoding a variety of geographic data structures.

type": "Feature

eometry": {
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"coordinates": [125.6, 10.1]
b
"properties {

"name": "Dinagat Islands"™

}
}

GeoJSON supports the following geometry types: point, LineString, Polygon,
MultiPoint, MultiLineString, and MultiPolygon. Geometric objects with
additional properties are reature Objects. Sets of features are contained by
FeatureCollection Ob_jECtS.

The GeoJSON Specification (RFC 7946)

In 2015, the Internet Engineering Task Force (IETF), in conjunction with the
original specification authors, formed a GeoJSON WG to standardize GeoJSON.
RFC 7946 was published in August 2016 and is the new standard specification
of the GeoJSON format, replacing the 2008 GeoJSON specification.




Advantages

e Plain text, (human) readable

e Streamable
e Well integrated with web standards (JSON)

Excellent exchange format



Disadvantages

e Plain text, inefficient
e Non-queriable

e Vector only
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MBTiles

MBTiles is a file format for storing tilesets. It's designed to allow you to package
up many files into a single tileset. For example, mapbox.mapbox-streets-v8 iSa
single tileset that contains administrative boundaries, road networks, POIs, and
other kinds of geospatial information from many different data sources.

MBTiles is an open specification based on the SQLite database. MBTiles can
contain raster or vector tilesets. You can upload MBTiles files directly to Mapbox
Studio or use them directly in a web or mobile application.

Related resources:

MBTiles specification

Studio Manual geospatial data page: transfer limits for uploading MBTiles files
as tilesets




Map Tiles

™ Tiles a la Google Maps: Coordi X =
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How does a zoomable map work?

People are using coordinate systems and map projections to
transform the shape of Earth into usable flat maps for

centuries.

A map of the entire world is too big to be directly displayed in
a computer so there is a clever mechanism for quick

browsing and zooming on maps: the map tiles.

The world is divided into small squares, each with fixed
geographic area and scale. This clever trick allows you to
browse just a small part of the planet without loading the
whole map - and you still get an illusion of exploring a single
huge document.
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Degrees
Geodetic coordinates
WGS84 (EPSG:4326)

Longitude and latitude
coordinates used by GPS
devices for defining position
on Earth using World
Geodetic System defined in
1984 (WGS84).

HINT: WGS84 geodetic datum
specify lon/lat (lambda/phi)
coordinates on defined
ellipsoid shape with defined
origin ([0,0] on a prime
meridian).

X +

. maptiler.com/

Meters
Projected coordinates
Spherical Mercator
(EPSG:3857)

Global projected
coordinates in meters for
entire planet. Used for raster
tile generation in GIS and
WM(T)S services.

HINT: Simpler spherical
calculation are used instead
of ellipsoidal. Mercator map
projection deforms size
(Greenland vs Africa) and
never shows poles.

Pixels
Screen coordinates
XY pixels at zoom

Zoom-specific pixel
coordinates for each level of
the pyramid. Top level
(zoom=0) has usually 256x256
pixels, next level 512x512, etc.

Devices calculate pixel
coordinates at defined zoom
level and determine visible
viewport for area which
should be loaded from
servers.

Tiles
Tile coordinates
Tile Map Service (ZXY)

Coordinates of a tile in the
pyramid. There is one tile on
the top of the pyramid, than 4
tiles, 16 tiles, etc. All tiles have
the same size, usually
256x256 pixels.

Only the relevant tiles loaded
and displayed for the area of
interest / viewport.




Advantages
e Queriable (SQLite)

e Fast access to large maps with limited resources
(client/server model + queriable format)

e Some (vector tiles) are stylable



Disadvantages

e Designed for serving not analysing
e A dataset needs to be stored at several zoom levels

e Once created, hard to modify (e.g. reproject)



Selecting the right format



Selecting the right format

No silver bullet...

e What type of data do you want to store? Vector,
raster

e What are you going to do with the file? Analysis,
serving

e What environment are you working? Locally, web



Quiz
1. Large dataset of tweets you want to analyse

PostGIS/Geopackage

2. Drone imagery to make available for workshop

participants (IR REES

3. Street basemap to provide context to a small

dataset you want to make available on the web

Vector tiles

4. The small dataset from 3. [e[sJoREIO1\
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