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• ETH Zürich’s only major institute outside 

Switzerland

• Research on urbanization-related matters in 

Singapore since 2010
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“One strategy to make better use of our 

land is to free up surface land for people-

centric uses by relocating utilities, 

transport, storage, and industrial facilities 

underground.”

(Urban Redevelopment Authority, 2019)

Singapore: Underground 

City of Tomorrow



• thinking in volumes instead of land

• ScanVision?

Going underground requires a new perspective

Zürich Hauptbahnhof, Zürich, Switzerland

image credit: SCANVISION Gmbh, 2019



Marina Bay Special and Detailed Control Plan

image credit: Urban Redevelopment Authority



Going underground 
demands quality data

 Mindset shift: From land to space

 Systematic and continuous management 
of underground space as asset is required

 Planning and land administration need to 
integrate space above and below the 
surface

Reliable 3D data on what lies beneath 

are essential



Available information is 

unreliable

Data quality is insufficient

Data is often locationally inaccurate, not up to 

date, and incomplete. 

Data quality is undefined

Data quality is largely unknown and 

techniques of measurement undefined

The underground – opportunity or 

obstacle?



Unreliable information 
leads to repeated pains

Sub-optimal use of underground 
space; loss of opportunity

Long and costly planning, 
design, and development of 

infrastructure

Nuisances, incidents, and 
disruptions



infrastructure planning

coordination of works

plan approval & 

permitting

land return / alienation

roadworks & excavation interim use planning

Subsurface utilities

national digital twin

enables

Digital workflows for planning, 

development, and management of 

underground space

The Digital Underground project

Towards developing a reliable digital twin of subsurface utilities in 

Singapore for land administration, urban planning and development



Digital Underground long-term approach

PLAN DESIGN TEST EMBED

Phase 1

Roadmap

Phase 2

Foundations of a utility 

mapping ecosystem

Phase 3

Workflows for reliable 

data

Roadmapping Concept development

System design

Living lab

Operation phase

Agile operation

Continuous improvement

ENABLE

Community of Practice

Centralised and 

standardized

collection of data

Underground 

Living Testbed

1.5 yrs 2 yrs 2 yrs



A national mapping 
strategy for subsurface 
utilities

 Capitalize on opportunities to assess and 

reconcile quality of legacy data

1. MEASURE TO UNDERSTAND

 A central repository to assess and understand 

data quality, identify issues and potential 

interventions, and support data use

2. ENSURE QUALITY OF NEW DATA

 Ensure reliable as-builts for newly built utilities 

and accurate as-is for existing utilities

 Establish strong quality controls at the front-end 

of the information supply chain

3. RECONCILE LEGACY DATA



Development of a prototype platform for subsurface utility 
data quality management

Key features

• Integration of legacy data in 

a harmonized format

• Submission of as-built data 

in a standardized, digital, 

machine readable format

• Modules for data quality 

control

• Integration and 

consolidation of all data

Schematic overview of platform workflows

*    covered by DU phase 2

**   currently not implemented yet

Data capture

Legacy

data

Quality

improvement

Data use
Platform for

data quality

management

Conversion and 

integration of legacy 

data*

Submission and 

quality control of as-

built data*

Data quality 

improvement**

Data sharing**



Platform impressions
As-built submission creation

Survey project overview

Quality control

Data consolidation



AVUS

Exploring new workflows for 

newly built utilities and trial 

trenches





Proposed solution: The Digital Trial 
Trench

A digital representation of the trial trench and any exposed utilities 

inside that is:

1. In a standardized format

2. Structured and machine-readable in a GIS vector or 

potentially a BIM model format

3. 2.5D or 3D geometry in absolute geographic coordinates

4. Collected and managed in a single repository with proper 

metadata along with other data on the location of subsurface 

utilities by an independent public sector agency

5. Securely and responsibly shared in appropriate formats (true 

3D, 2.5D vector data, topographic drawings) to all public and 

private sector beneficiaries

Image: Screenshot of a GIS displaying 2.5D geo-referenced digital trial trench data (dotted 

lines) overlaid with site photo and legacy data (labelled in grey boxes) in 2D

to establish clarity and consistency for data producers and users

to support digital data-driven use cases (e.g., planning, BIM)

for accuracy; can be produced with all endorsed surveying techniques

for simplicity, to serve the general interest, and to improve data quality

to establish a cycle of reciprocal benefits (everyone contributes and benefits)



Digital Underground Phase 3:

Workflows for reliable data quality

Duration

26 months (1 November 2021 to 31 December 2023)

Objectives

• Develop a ready-for-implementation workflow for the capture of digital and reliable subsurface utility data together with 

a network of engaged stakeholders

• Investigate the tools and strategies necessary for Singapore to manage and improve subsurface utility data quality

WP INDUSTRY ENGAGEMENT

Continuation of Community of 

Practice

Establish a sustainable 

industry engagement platform

WP DATA QUALITY 

MANAGEMENT

Development of a data 

quality management and 

visualization framework

WP DATA CAPTURE AND 

CONSOLIDATION

Pilot, evaluate and refine 

workflow for capture and 

collection of as-built data

WP DATA QUALITY 

IMPROVEMENT

Development of data quality 

improvement strategies

TOWARDS IMPLEMENTATION OF A DATA 

CAPTURE WORKFLOW
NEW WORKFLOWS OF THE FUTURE



https://sec.ethz.ch/research/digital-underground.html 

www.duconnect.org
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