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FINDING SPACE FOR THE FUTURE











article source: Straits Times, https://www.straitstimes.com/politics/masterplan-
of-spores-underground-spaces-ready-by-next-year



source: Today Online, https://www.todayonline.com/singapore/proposed-law-will-allow-govt-acquire-specific-stratum-underground-space



source: Today Online, https://www.todayonline.com/singapore/construction-work-ruptures-gas-pipe-near-lau-pa-sat



HOW RELIABLE IS TODAY’S MAP OF UNDERGROUND UTILITIES?

Information may not match reality
• Inaccuracate locations

• As-designed instead of as-built
• No geo-referencing

• Inconsistent depth information
• Incomplete

• Not up to date

Information may not fit purpose
• 2D or 2.5D instead of ‘true’ 3D

• Lacks rich semantics

Information is not accessible, interoperable, and usable

• Inconsistent representation

• Many formats (GIS, CAD, paper)

• Accessing data is not straightforward



Digital Underground
Development of a roadmap towards a 
reliable 3D map of underground utilities



BRIDGING THE GAP BETWEEN DATA CAPTURE AND APPLICATION

Understanding, demonstrating, and recommending a feasible workflow

data
capture application

Data Capture

• Framework for 3D surveying and 
mapping of underground utilities

• Best practices, recommendations for 
guidelines

Application

• A data model framework for capture, storage 
and application of utility information

• A data model for land administration
• Application demonstrators

Presentation on Wednesday 3 October, 13:30-15:00

ISPRS WG 1 Multi-Dimensional Modelling
Three-Dimensional Data Modelling for Underground 
Utility Network Mapping (Dr. Jingya Yan et al)

application needs drive data provided and captured upstream

3d city
modelling

planning

land
admin

…



A FRAMEWORK FOR 3D MAPPING UNDERGROUND UTILITIES

An overview of data capture methods, describing

• Operation (surveying + mapping)

• Expected output and quality

• Conditions under which it can feasibly operate and produce reliable data

• Practical considerations for deployment

Purpose

• Application in Singapore

• To support decision making by surveying contractors, commissioning entities and 
policy makers

Approach

• Initial focus on mapping existing utilities

• Desktop research (market analysis and scientific literature)

• Pilot studies in realistic environments

• “Whole Ecosystem Approach” - emphasize government and industry collaboration

Industry collaborators

Government collaborators



DATA CAPTURE METHODS FOR UNDERGROUND UTILITY SERVICES

Method Use case Typical (primary) data

1 Conventional surveying Open pit Sparse point trajectory

2 Laser & photogrammetry Open pit Dense point cloud

3 Ground penetrating radar Buried B-scan radargram -> point trajectory

4 3D ground penetrating radar Buried C-scan radargram -> point trajectory

5 Gyroscope / IMU Buried, newly built Dense point trajectory

6 Marker tagging Buried Sparse point trajectory

credit: University of Illinois at Urbana-Champaign credit: Eliot solutionscredit: T. Baker Smith
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GROUND PENETRATING RADAR
Pilot study in progress - NUS University Town



GROUND PENETRATING RADAR
Early sample of primary data



GYROSCOPIC MAPPING
Pilot study - Woodlands Industrial Park

exit

entry



GYROSCOPIC MAPPING
Data capture



GYROSCOPIC MAPPING
Mapping results



SOME EARLY CONCLUSIONS

We can’t simply recommend a single mapping method

• The best moment to map a utility will always be when it is exposed and visible

• Alternatives are needed nonetheless (i.e. for trenchless construction, existing services, and shifting services)

• Unclear yet if GPR technology can be an economically viable method

• New or “non-GIS” applications (e.g. BIM) => new information requirements => different mapping techniques (e.g. point 
cloud based)

Pros and cons of a “Whole Ecosystem Approach”

• It is the only way forward

• Collaboration can be slow, complicated, and time-consuming

Back to our roadmap: The mapping workflow is just a small piece of the puzzle

• How to improve technology adoption and the required competencies?

• How to manage, store and share the information?

• How to organize data governance?



RIGHT NOW - RAMPING UP FOR FUTURE PILOTS…

Thank you! See you in SG?
Rob van Son
vanson@arch.ethz.ch


