
Advancing Urban Digital Twin Implementation Through 

Discrete Global Grid Systems

Dr Matthew B.J. Purss

Co-Founder and CEO

Presented at the FIG W
orking W

eek 2025 ,

6-10 April 2025 in Brisbane, Australia



Overview

● The Challenge of Digital Twins

● Discrete Global Grid Systems - a new approach to data interoperability

● The Digital Nexus is already here



The Challenge of Digital Twins - Why are they hard to build?...



• ~40% of the world’s population (~3.3Bn people) live ≤ 100km of the coast

• ~10% of the world’s population (~800Mn people) live ≤ 10m above sea level

• ~40% of the world’s largest cities (~200 cities) are on the coast

• significant implications for climate change mitigation
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Some challenges facing Marine Digital Twins

Digital Twin

Data Discovery Requires 

Data Harmonisation 

Before Anything Else

Digital Twin

Data Discovery Requires 

Data Harmonisation 

Before Anything Else
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DGGS can bring massive value to Spatial 
Data Infrastructures in addressing the data 
interoperability Challenge.

Removing the need to reformat, resample 
or perform multiple coordinate reference 
transformations of the data before it can be 
used in a Marine Digital Twin context.

Multiple Data 
Types

Multiple 
Resolutions

Multiple 
Dimensions

Multiple 
Vertical Datums
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TerraNexus – A 4D DGGS solution

4D Indexing with real

world context baked in

Equal Volume Zones

Solid Earth DGGS

Builds Trust Through 

Provenance

Designed with Multi-
Jurisdiction 

Interoperability in mind

Leverages OGC and 

W3C Semantic 

Standards
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2D DGGS
• Discovery and selection/subsetting of data across collections is a simple index lookup using a DGGS - not a series of 

complex mathematical operations

• But… for 2D DGGS indexing only applies to the lateral (e.g. x,y) dimensions we still have the issue of height datum 

differences

2D DGGS ZoneId's are fixed to the Earth Model (e.g. ellipsoidal 0m level)

Vertical Data 

Not Indexed



• Discovery and selection/subsetting of data across collections is a simple index lookup using a DGGS - not a series of 

complex mathematical operations

• 3D DGGS enable a common spatial index that enables data integration across collections and vertical datums but 

not time.

3D DGGS ZoneId's are fixed relative to the Earth Model (e.g. relative to the GRS80 Ellipsoid) - data 

is indexed relative to the DGGS spatial context but not resampled

Vertical Data 

Indexed 

Relative to 

Ellipsoid

3D DGGS
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Demonstration
A Brief Overview of DGGS – Breaking into the 4th Dimension with TerraNexus

• 4D (Spatio-Temporal) DGGS take the concept of 3D DGGS into the tessellated 

temporal dimension.

• TerraNexus does this using a Tesseract (Hypercube) centred on the Geodetic 

Earth Centred Earth Fixed (ECEF) coordinate space and scaled to enclose the 

entire Earth.

• Why do this?

• The advantage of tiling and indexing spatial objects is well established (not just 

by the DGGS community)

• We are extending this indexing capability to include time.



4D DGGS ZoneId's are fixed relative to the Earth Model (e.g. relative to the GRS80 Ellipsoid) at 

specific time intervals - data is spatially indexed relative to the DGGS spatial context but not 

resampled

• Discovery and selection/subsetting of data across collections is a simple index lookup using a DGGS - not a series of 

complex mathematical operations

• 4D DGGS enable a common space-time index that enables data integration across collections, vertical datums and 

time.

Space-Time 

Data Indexed 

Relative to 

Ellipsoid

4D DGGS



4D Spatio-Temporal DGGS

2D Surface DGGS

3D Volumetric DGGS



Standard OGC API DGGS 

ZoneQuery Request



4D DGGS Zones that 

intersect the provided 

Space-Time Area of 

Interest
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Features/Data Indexed to the Returned DGGS Zones

Marine 

Bathymetry 

Point Cloud 

Data

UKHO

Terrestrial
Building 
Feature 
Data

OS
Data Harmonised across Vertical Datums, Time, Data 

Formats and Organisations via 4D DGGS Indexing

No Changes to the Data Observations
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OGC/ISO Standards

• ISO 19170 / OGC Topic 21 - DGGS

• Part 1 (published) - Core Data Model and 2D Equal Area DGGS

• Part 2 (draft) - 3D Equal Volume DGGS

• Part 3 (draft) - Spatio-Temporal DGGS

• Part 4 (draft) - Axis-Aligned DGGS

• OGC API DGGS

• OGC API Features

• OGC API Common

• OGC API Processes

• GeoJSON

• Features & Geometry JSON (JSON-FG)

• Linked Data JSON (JSON-LD)

• ISO 8601 - Date and time format

IHO Standards

• S100

Standards Enable 

Integrity, Provenance and Trust (IPT) 

in Data
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International Federation of Surveyors supports the 
Sustainable Development Goals

1st 
relevant 

SDG

2nd 
relevant 

SDG

3rd 
relevant 

SDG

The most relevant SDGs related to the presentation and theme of this session
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https://pangaeainnovations.com/about_us

Thank You


