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ABSTRACT: 
 
Inaccurate and inconsistent documentation of subsurface utilities is a reoccurring problem in the construction industry affecting not 
only the end-users, but all actors involved in designing, constructing, and maintaining pipes, cables and other utilities hidden 
underground. In this study, a new method for 3D capturing of subsurface utilities, based on a newly developed Smartphone-based 
Reality Capture (RC) solution is explored. The research was divided into two parts. Firstly a testing of the method accuracy and 
secondly, an investigation of the usability of the method. The research results firstly showed that the RC solution is a feasible surveying 
method, that facilitate capturing of as-built utility assets, which can be used as a supporting tool to conventional surveying methods or 
alone, as the testing showed an accuracy of ±5 cm for the generated point clouds. Secondly the usability testing revealed that the RC 
solution benefited the utility owners by allowing time-savings on construction projects, as well as generating visual-realistic 3D models 
of exposed subsurface utilities to be used for quality assurance and planning of future utility work. 
 
 

1. INTRODUTION 

Lack of accurate and reliable subsurface utility documentation is 
a real issue in the construction industry making it difficult for 
planners, excavators, and utility owners to manage underground 
utility and construction projects. Several research and 
development projects such as Mapping the Underworld in 
England (Metje et al., 2007), City Digital in Chicago (UI Labs, 
2016) and Digital Underground in Singapore (Van Son et al., 
2018) have been and are still investigating how to create more 
accurate and reliable utility information. The most recent project, 
Digital Underground, sought to improve the understanding of 
Singapore’s underground infrastructure by developing and 
implementing a common utility data model (Yan et al., 2021) as 
well as exploring best-practice methods to capture and generate 
more reliable underground 3D maps (Van Son et al., 2018) with 
the goal of creating an underground digital twin (Yan et al., 
2019). To achieve this, a case study investigating the use of 
ground penetrating radar (GPR) equipment, to detect and map 
buried utility lines was carried out (Van Son et al., 2019). The 
study showed that the use of GPR has clear advantages compared 
to conventional surveying techniques, as it is a non-destructive 
method i.e., no need to remove top surface to locate the buried 
utilities. The study additionally showed that scanned radar data 
are laborious to manually process and analyse, which is often not 
feasible when construction projects are challenged on time and 
economy – especially on smaller projects. The idea of a city-wide 
GPR survey approach to 3D map all subsurface utilities was 
furthermore not recommended. Instead, the study recommended 
to capitalise on data capturing opportunities of subsurface 
utilities whenever visible during open excavation using 
conventional and alternative surveying techniques (Van Son et 
al., 2019). 
 
Examples of alternative surveying techniques to GPR, are point 
cloud-based methods, which use data capture from laser scanners 
or RGB-cameras (photogrammetry) to generate a visual-realistic 
3D model of real objects or environments (Van Son et al., 2018). 
The method is also known as Reality Capture in the construction 

industry and is used to capture detailed as-built 3D models of 
built assets. Reality Capture is not yet commonly used for 
surveying of exposed subsurface utilities in Denmark where 
conventional surveying techniques are used almost exclusively. 
Similar tendencies were also observed in Singapore (Van Son et 
al., 2019). 
 
However, this is not the case for two Danish water utility 
companies, which are currently exploring the use of a 
smartphone-based Reality Capture (RC) solution to generate as-
built point cloud documentation of their water pipe installments 
during open excavation (Hansen et al., 2020a). The utility 
companies’ primary motivation for testing Reality Capture is to 
raise the level of documentation quality of their as-built water 
pipes, in such a way that it can support work processes including 
quality assurance of as-built utilities, operation and maintenance 
tasks, and future planning of new construction projects. As of 
2021, the two water utility companies have already 3D captured 
more than 3.500 excavation holes containing water pipes as well 
as other nearby subsurface infrastructure. This paper thusly 
investigates the experiences gathered by the utility companies, to 
develop the use and adoption of Reality Capture as an alternative 
surveying method for capturing subsurface utility 
documentation. 
 
The contribution of this paper is divided into three parts. Firstly, 
in section 2, presenting the workflow behind the RC solution for 
generating and geolocating as-built point clouds of subsurface 
utility excavation holes as well as how the utility companies are 
using conventional surveying. Secondly, an evaluation of the 
geospatial accuracy of the point clouds generated from water 
pipes, whereas the methodology behind is presented in section 3. 
The results are then presented and discussed in section 4. Thirdly, 
the RC solution is evaluated in terms of usefulness focusing on 
which added value it facilitates compared to conventional 
surveying. This was done by conducting and analyzing semi-
structured interviews, as described in section 3. Challenges and 
limitations identified in the RC solution and evaluations methods 
are furthermore described in section 5.   
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