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Figure 2. A screenshot demonstrating routing (source: Compusult)

The testbed implemented an approach to achieving the recalculation of routes based on
external factors such as obstructions (e.g. floods level) by enabling the routing engine to
accept masking parameters as input. A screenshot from the testbed demonstration is
shown in Figure 2. The figure shows the primary route in red, the location of a house
known to be flooded and an alternative route (in blue) to avoid the flooded location. The
flood-avoiding route has been calculated based on the location and size of masking points
(i.e. the location known to be flooded). The screenshot also shows an alternative route
that does not consider the flooded location (green).

8 Multidimensional Terrain

8.1 Introduction

Terrain data is a fundamental requirement for a variety of geospatial analyses.
Applications of terrain data include calculations of drainage in civil engineering,
viewshed analysis in military planning, line of sight estimation in law enforcement and
several other key aspects of geospatial technologies. Historically, these operations were
mostly run from desktop systems, with readily available processing and storage capacity.
The ubiquity of mobile devices has led to demand and expectation from users that some,
if not all, of the aforementioned terrain analyses will be available on handheld mobile
devices.

In Testbed-10 participants discussed the exchange of terrain data in GML, GeoPackage
and other formats. OGC Testbed 11 builds on the achievements of the previous testbed
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by expanding the examination of terrain support in geopackages to examine potential
support for multidimensional terrain data.

8.2 Terrain Data Models

Terrain data in geospatial applications may be held as coverages in formats such as
GeoTIFF, GMLJP2 or similar formats. OGC standards acknowledge a number of
different structures for holding coverages, namely coverage grids, triangular irregular
networks (TIN) and point coverages.

Coverage grids are the most common geometric representation of data used to create
elevation models. A grid is a tesselation of space into areas, referred to as cells, defined
by a consistent pattern. The pattern most commonly used in terrain data products is that
of a rectangular grid consisting of cells defined by four adjacent points. An illustration of
a grid coverage is presented in Figure 3.
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Figure 3. An example of a grid coverage

As the name implies, a TIN is an irregular collection of points that form a set of non-
overlapping triangles that share edges to create a continuous surface. Figure 4 presents an
example of a TIN composed of triangles with vertices formed from four-dimensional
(4D) coordinates, namely latitude and longitude shown by the position of each vertex,
elevation shown through the black-formatted (decimal) labels and a confidence measure
shown through blue-formatted (integer) labels.
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Figure 4. Example of a TIN

A point coverage represents a set of elevation values assigned to a set of arbitrary points,
with each point identified by a pair of horizontal (X,Y) coordinates and assigned one or
more elevation values as attributes. The nodes of the triangulation presented in Figure 4
are an example of a point coverage.

In some cases coverages modelled according to one approach (e.g. grids) can be
interpolated from coverages modelled according to another approach (e.g TIN). This
engineering report will examine GeoPackage support for each type of coverage
separately.

8.3 Review of Coverage Support in Relational Databases

The current GeoPackage standard offers support for tiled raster data that is primarily
intended for presentation (i.e. maps rendered on tiled images). This section describes
current GeoPackage support for tiled raster data. The section also describes approaches
used by a selection of other relational databases for packaging terrain data. The
approaches examined included Rasterlite® and PostGIS Raster’. The former is the raster

6 http://www.gaia-gis.it/gaia-sins/rasterlite-docs/rasterlite-man.pdf

7 http://postgis.net/docs/manual-2.1/RT_reference.html
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data capability offered by Spatialite and the latter is the raster data capability offered by
PostGIS.

8.3.1 GeoPackage Raster

The GeoPackage standard offers an approach for storing raster tiles to form a multi-
resolution pyramid structure. Four specific tables play the key role in storage of such
data, namely gpkg tile matrix_set, gpkg tile matrix, gpkg contents and a user-named
table that contains the actual binary encoded tiles. This section describes each of these
tables.

The gpkg tile matrix_set table defines the minimum bounding rectangular area (i.e. box)
and references the spatial reference system used for all content in a tile pyramid user data
table.

Table 14. GeoPackage gpkg_tile_matrix_set table

column name EYERAY o]
table_name text
srs_id integer
min_x double
min_y double
max_x double
max_y double

The gpkg tile matrix table documents the structure of the tile matrix at each zoom level
in each tile’s table. Both rectangular and square tiles are supported by this approach. The
approach adopted by this table allows zoom levels of different resolution to be
represented.

Table 15. GeoPackage gpkg_tile_matrix table

column name EYERAY o]
table_name text
zoom_level integer
matrix_width integer
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matrix_height integer
tile_width integer
tile_height integer
pixel_x_size double
pixel_y_size double

The standard explains the purpose of the gpkg contents table as being to provide
identification and descriptive information for an application to display to a user. The
gpkg contents table is used for both vector and raster data.

Table 16. GeoPackage gpkg_contents table

column name EYERAY o]
table_name text
data_type text
identifier text
description text
last_change datetime
min_x double
min_y double
max_x double
max_y double
srs_id integer

A uniquely named user data table stores each tile matrix set, with the tile data stored as

Binary Large Objects (BLOBsS).

Copyright © 2015 Open Geospatial Consortium.
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Table 17. GeoPackage user-named table

column name EYERAY o]
id integer
zoom_level integer
tile_column integer
tile_row integer
tile_data blob

8.3.2 Rasterlite

Rasterlite is a library designed to offer read and write access to raster datasets in Sqlite
databases. The library is part of the Spatialite suite of tools for working with geospatial
data in Sqlite databases.

The raster data are stored in the Sqlite database as BLOBs. A table with the name of the
raster stores the raster data in a column of type BLOB named raster. A representation of
the table is shown in Table 18.

Table 18. Rasterlite ‘rasters’ table

column name EYERAY o]
id integer
raster BLOB

When raster data is stored in an Sqlite database using Rasterlite, the rasters are stored as
tiles in a pyramid structure. A metadata table, with a structure illustrated in Table 19,
stores the identifiers and characteristics of each tile.

Table 19. Rasterlite 'metadata’ table

column name EYERAY o]
id integer
source_name text
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tile_id integer
width integer
height integer
pixel_x_size double
pixel_y_size double
geometry geometry

8.3.3 PostGIS Raster

PostGIS Raster stores datasets using a minimal data structure that consists of a single
type and is stored in a single table. A representation of the table is shown in Table 20.
The database allows a single table row with a column of type raster to correspond to one
tile. As illustrated in Table 20, the raster data are stored in the database as BLOBs.

Although offering a minimal table structure for storing a raster dataset, PostGIS Raster
offers several functions for retrieving metadata about the raster dataset. This approach
differs from that used by Rasterlite and GeoPackage which store the metadata in separate
columns. PostGIS raster uses the underlying GDALS library to process the raster and thus
extract the metadata after the raster has been stored. For raster Sqlite databases based on
mobile devices, such an approach would not be appropriate because of the load that
processing an image would impose on a mobile device.

Table 20. PostGIS Raster table

column name EYERAY o]
rid integer
rast raster®
filename text
8 http://www.gdal.org/

9 BLOB-encoded data type
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8.4 Approaches for Supporting Multidimensional Terrain Data in Geopackage

To explore how multidimensional terrain data could be represented in a GeoPackage,
OGC Testbed 11 generated three types of multidimensional terrain datasets and explored
ways through which such terrain datasets could be stored in a GeoPackage. The following
sub sections describe each proposed approach.

8.4.1 Grid Coverage

The testbed found the tile raster support offered by the current version of the GeoPackage
standard to be capable of supporting a multidimensional terrain dataset, subject to a few
minor revisions to the standard.

The first issue is that the standard currently specifies only PNG and JPEG as the default
formats supported. Other formats can be supported through the extension mechanism
supported by the standard. Therefore it is possible to extend a GeoPackage to support
GeoTIFF while maintaining conformance to the standard.

Another issue was support for grid collections which could be used to represent a
multidimensional grid by grouping together multiple single-tile coverages. To represent a
multidimensional grid in a GeoPackage, the testbed explored whether a collection of grid
coverages could be associated through a collection dataset.

The following tables describe mappings to GeoPackage tables from WCS Coverage
descriptions. All of the XPaths are relative to wes:CoverageDescription.

Table 21. Mappings to gpkg_tile_matrix_set from WCS Coverage Descriptions

geopackage field coverage description
table_name .../wcs:Coverageld
srs_id .../gml:domainSet/gml:RectifiedGrid/gml:origin/gml:Point@srsName
min_x .../gml:boundedBy/gml:Envelope/gml:lowerCorner(0)
min_y .../gml:boundedBy/gml:Envelope/gml:lowerCorner(1)
max_x .../gml:boundedBy/gml:Envelope/gml:upperCorner(0)
max_y .../gml:boundedBy/gml:Envelope/gml:upperCorner(1)
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Table 22. Mappings to gpkg_tile_matrix from WCS Coverage Descriptions

geopackage field coverage description

table_name .../wcs:Coverageld

zoom_level “0”

matrix_width “1”

matrix_height “1”

tile_width .../Jgml:domainSet/gml:RectifiedGrid/gml:limits/gml:GridEnvelope/g
ml:high(0)

tile_height .../Jgml:domainSet/gml:RectifiedGrid/gml:limits/gml:GridEnvelope/g
ml:high(1)

pixel_x_size .../gml:domainSet/gml:RectifiedGrid/gml:offsetVector

pixel_y_size .../gml:domainSet/gml:RectifiedGrid/gml:offsetVector

Table 23. Mappings to gpkg_contents from WCS Coverage Descriptions

geopackage field coverage description
table_name .../wcs:Coverageld
data_type “tiles”
identifier .../wcs:Coverageld
description [BLANK]
last_change [BLANK]
min_x .../gml:boundedBy/gml:Envelope/gml:lowerCorner(0)
min_y .../gml:boundedBy/gml:Envelope/gml:lowerCorner(1)
max_x .../gml:boundedBy/gml:Envelope/gml:upperCorner(0)
max_y .../gml:boundedBy/gml:Envelope/gml:upperCorner(1)
srs_id .../gml:domainSet/gml:RectifiedGrid/gml:origin/gml:Point@srsName
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Table 24. Mappings to the user-named table from WCS Coverage Descriptions

geopackage field coverage description
id “1”
zoom_level “0”
tile_column “0”
tile_row “0”
tile_data [GeoTIFF binary]
84.2 TIN

By definition, a TIN is an irregular collection of points that form a set of non-
overlapping triangles that share edges to create a continuous surface. To test the potential
to support TINSs, the testbed generated TINs using the Delaunay Triangulation function in
QGIS. A GeoPackage was then generated from the resulting TIN dataset using
multidimensional Well Known Text (WKT) geometries. When inserted into a
geopackage, a geometry described in WKT in an SQL statement is converted into a Well
Known Binary (WKB) and stored as a BLOB. A sample of the multidimensional
geometries used in Figure 4 is presented below.

POLYGON ((-122.448557856 37.610676648 207.98197937000 9, -122.385857760
37.609119759 2.61184191704 8, -122.479419762 37.606659334
195.19540405300 3, -122.44855785637.610676648 207.98197937000 9))

WKT and WKB are specified in Part 1 [8] and Part 2 [9] of the ISO 19125 standard. Both
are limited to four dimensions, labelled as X, Y, Z and M!0. The testbed therefore
concluded that representation of a TIN could already be supported through the vector
data support offered by the GeoPackage standard. However, the dependency of
GeoPackage on WKT and WKB means that the GeoPackage geometries support a
maximum of four dimensions.

10 This engineering report refers to the dimensions collectively as XYZM.
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8.4.3 Point Coverage

A point coverage represents a set of elevation values assigned to a set of arbitrary points,
with each point identified by a pair of horizontal (X,Y) coordinates and assigned one or
more elevation values as attributes. To test potential support for this type of coverage, the
testbed converted point coverage data represented using XYZM coordinates into a vector
GeoPackage. The testbed found that this type of coverage could already be supported
through the vector data support offered by the GeoPackage standard. A sample of the
points used is presented below:

POINT (-122.450623448 37.649558651 70.9050674438 10.0000000000)
POINT (-122.450568470 37.727925980 100.377662659 1.00000000000)
POINT (-122.400561027 37.730384607 17.1812973022 4.00000000000)
POINT (-122.385857760 37.609119759 2.61184191704 8.00000000000)
POINT (-122.370838349 37.624007521 2.28768920898 3.00000000000)
POINT (-122.385461331 37.625539699 1.83684933186 5.00000000000)
POINT (-122.498030903 37.636673867 —-8.1825380325 5.00000000000)

9 Conclusions

This Engineering Report describes the work carried out by the UCR thread in OGC
Testbed 11 to investigate the potential support for routing and multidimensional terrain
data in SQLite databases that conform to the OGC GeoPackage standard. The report has
also presented the results and lessons identified from the experimentation conducted in
Testbed 11. Based on the findings of the UCR thread, this Engineering Report concludes
that the current version of the GeoPackage standard allows for the storage of routing and
multidimensional terrain data. The Engineering Report further concludes that there is a
need to standardize how geopackages support both of these types of data - through use of
the existing extension mechanism of the GeoPackage standard rather than through a
major change to the standard.

9.1 Recommendations

The following recommendations are based on the work done in Testbed-11:

9.1.1 Development of a topology extension for geopackages to support routing

Testbed 11 demonstrated how a routing engine that ingests data modelled according to an
edge-node model can provide routing information within an OGC service infrastructure.
The testbed also identified opportunities for extending the GeoPackage standard to
support topological networks that such routing engines rely one. This engineering report
therefore recommends that the OGC develops an extension to the GeoPackage standard,
using the approach described in Section 7.4, to standardize how topological networks
should be represented in a GeoPackage using the edge-node model.
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9.1.2 Development of a multidimensional terrain data extension for geopackages

This Engineering Report describes how multidimensional terrain could be stored in a
GeoPackage by storing multidimensional coverages as single-tile coverages. The Testbed
activity produced an example of such a GeoPackage to demonstrate the concept. The
recommendation isthat the OGC develops an extension to the GeoPackage standard,
using the approach described in Section 8.4.1, to standardize how multidimensional
terrain data should be stored in geopackages.
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10 Annex A
Date Release Editor Primary clauses Description
modified
8/5/2015 Carl Reed | Various Preparation for publication
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